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1981- Professor of Radiology UMDNJ-New Jersey Medical School Newark NJ
1981- Professor of Microbiology and Molecular Genetics UMDNJ-New Jersey Medical School
1991- Professor of Biochemistry and Molecular Biology UMDNJ-New Jersey Medical School

OTHER PROFESSIONAL POSITIONS AND MAJOR VISITING APPOINTMENTS
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with George Hill M.D
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Investigator 2002-2005
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Analytical Methods in Biochemistry B.J Wagner Coursemaster Current Topics in Biochemistry MA Lea
Coursemaster
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Biochemistry Radiation Biology lectures in Medical Biochemistry Facilitator in Problem Based Learning in

Medical Biochemistry Biological Effects of Radiation lecture in Introduction to Clinical Sciences
UMDNJ-NJDS Erythrocyte Biochemistry lecture in Dental Biochemistry

St Barnabas Medical Center Livingston NJ Radiation Biology for Radiation Oncology Residents
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School Courses Medical Biochemistry Medical Genetics Coursemaster for years
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1993-95 Shuangwen Zhou M.S M.D Harbin Medical University Heilongjiang Ph.D Tongji Medical
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1992-93 Helina Orgacka Ph.D Silesia Academy of Medicine Katowice POLAND
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degree conferred 1988
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1976 Michael Pfaller 1973-74 Roy Philips Honors Project

1974 Mark Irwin
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1980 James Wolf 1976 Rosaria Salazar

1979-80 James Banks 1979 Sonya Vasiri Summer
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1983-85 Sharon Kurowski 1982 Susan Hyatt Summer
1983-84 Richard Winne 1983 Susan Hyatt Elias Najem
1984 John Anton Summer.1984 Jeanne Gapac Anne Felston
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Christine Huselton 1990-91 Anne Wojtowicz

1985 Anne Wittenberg Bohdan Olesnicky
1986 Michael Biunno 1992 Tracy Barberi

Hansh Patel 1993 Au Pashapour
1987 Michael Biunno 1994 Neeta Ginde
1989 Kathleen Nell Cathcart 1995 Michelle Kim Smith College
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1991 Patrice Lahiti 1998 Glinys Caceres Wellesley
1993 John Cosmi-2 place Student College

Cancer Research Presentations James Netterwald SHRP
Diane Carlson George Ng Rutgers Univ

1994-96 Mauricio Zapiach
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1996 Valerie Gafori 1984-85 Andy Chen Frank Chen Saroja
1997 David Muccino Rao
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1998 Stephen Cohen 1993 Priya Ramashawar

1994 Monifa EnglishUndergraduate Students
Katharine Hawkins
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induced by solar simulated light Annual Meeting of the American Society for Photobiology Baltimore MD
53 2003

165 ML Steinberg Locitzer Berwick and HILL Patterns of gene expression related to solar exposure in

keratinocytes from melanoma patients cDNA microarray analyses Annual Meeting of the American Society
for Photobiology Baltimore MD 99 2003

166 HZ I-fiLL Locitzer Eslamdoust Ogbonnaya Hubbard Solar Radiation and mitochondrial DNA
damage 12th International Congress Of Radiation Research Brisbane Queensland AUSTRALIA 191 2003

167 HZHILL Hubbard Steinberg and Oulianov The common deletion in human mitochondria is induced
by low doses of y-rays 12th International Congress Of Radiation Research Brisbane Queensland
AUSTRALIA P08/i 702 2003

REVIEWS

HZ HILL Book review of Short-term interactions between cell surfaces by Weiss and JP Jarlos in

Progress in Surface Science 1355-405 1972 Colloid and Interface Science 41394 1972
HZ HILL Peer review preventing nepotism Letter Science 194894 1976
HZ HILL Book review of Cell Cycle Regulation Cell Biology Monograph Series edited by JR Jeter IL

Cameron GM Padilla and AM Zimmerman BioScience 2946 1979
HZHILL Editorial Comments re Detection of X-ray damage repair by the immediate versus delayed plating
technique is dependent on cell shape and cell concentration by NMS Reddy Kapiszewska and CS Lange
Scanning Microscopy 543-559 1992
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INVITED TALKS

NIH NIAID Bethesda MD model for UV and photoreactivation effects in Euglena February 1963

Colorado Medical Society Annual Meeting Colorado Springs Porphyria September 1968

National Jewish Hospital Denver CO Galactose metabolism and its relation to human genetic disease April

1971

University of Colorado Medical Center Denver CO Galactose gene action in mammalian cells May 1971

Faculty Seminar

Saigon University School of Medicine Saigon South Vietnam Galactosemia Antenatal diagnosis April 1972

Mallinkrodt Institute of Radiology St Louis MO model system for the pre-natal diagnosis of inherited

biochemical diseasesgalactosemia September 1974

Washington University Department of Biology St Louis MO Ante-natal diagnosis and human molecular

disease September 1973

Washington University School of Medicine Department of Obstetrics and Gynecology Detection of inborn

errors of metabolism March 1975

Washington University Department of Biology Plant Seminar St Louis MO UV and photoreactivation effects

in Euglena January 1976

Southern Illinois University Chemistry Department Edwardsville IL Radiation response in melanoma April

1976

Society of the Sigma Xi Marshall University Club Huntington WV Amygdalin and cancer March 1978

Association of VA Surgeons St Louis MO Synergistic effect of DTIC and L-PAM combination treatment on the

Harding-Passey melanoma in C3D2FI mice May 1978

Tumor Registrars Workshop Huntington WV Update on research in malignant melanoma September 1979

Marshall University School of Medicine Biochemistry Department Huntington WV Radiation and melanoma
October 1979

Society of the Sigma Xi Marshall University Club Huntington WV Melanoma biologist looks at the black

cancer February 1981

New Jersey Society of Radiation Technologists Radiation Therapy District Fall Seminar Clark NJ Radiation

research and the technologist September 1981

New Jersey Medical School Biochemistry Department Does replicon joining use the same enzymatic

machinery as post-replication repair December 1981

New Jersey Medical School Anatomy Department Combination chemotherapy studies using mouse
melanoma model February 1982

American Cancer Society New Jersey Division 1983 Volunteer Conference New Brunswick NJ What can

professional education do for you February 1983

American Cancer Society New Jersey Division 1983 Staff Conference Spring Lake NJ Of mice and men
June 1983

American Cancer Society Mercer County Annual Meeting Trenton NJ Of mice and men October 1983

Ruth Estnn Goldberg Memorial for Cancer Research Annual Meeting An intra-operative radiation therapy

mouse model April 1984

Department of Biophysics Institute of Molecular Biology Jagiellonian University Krakow Poland Radiation and

chemotherapy effects in melanoma January 1985

VIth European Workshop on Melanin Pigmentation Murcia Spain Melanins as free-radical scavengers

September 1985

Continuing Seminars in Education sponsored by Tumor Registrars Association of NJ Cancer in the Family
Preventive Measures American Cancer Society North Brunswick NJ October 1985

Gelb Foundation Symposium on Melanin Exogenous Melanin Causes DNA Strand Breaks and is Synergistic

with Ionizing Radiation Stamford CT September 1986

Brookhaven National Laboratories Biology Department Melanin Solar Carcinogenesis and Radiation Therapy
Upton NY March 1987

Dermatology Grand Rounds NJ Medical School Radiobiologyof Skin Newark NJ March 1987

Argonne National Laboratories Division of Biological and Medical Research Photo- and Radiobiology of

Melanin Argonne IL September 1987

European Society for Pigment Cell Research participant in Symposium on Chemistry and Photobiology of

Melanin Sorrento Italy October 1987

American Cancer Society NJ Division Conference on Major Currents in Breast and Gynecological Cancers

Research What the future holds with GJ Hill West Orange NJ November 1987

Marshall University School of Medicine Biomedical Sciences Seminar Melanin Photoprotector or

Photosensitizer Huntington WV October 1988
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NJ Medical School Cancer Research Colloquium Melanin Photoprotector or Photosensitizer Newark NJ
October1988

UMDNJ-University Hospital Blood Bank lecture series Application of Radiation Biology to Blood Banking
Newark NJ February 1989

National Institutes of Health National Cancer Institute Melanin Photoprotector or Photosensitizer Bethesda
MD February 1989

Amencan Cancer Society NJ Division Cancer Survivors Day speaker Cancer research North Brunswick NJ
April 1989

Cambridge University Photobiology of melanin and the radiation biology of melanoma Cambridge UK June
1989

Eleanor Roosevelt Institute for Cancer Research Melanin in the photobiology of skin cancer and the

radiobiology of melanoma Denver CO January 1990

Participant Mini-symposium DNA Damage Repair Mutation and Disease Molecular and Cellular Aspects
Colorado State University January 1990 Fort Collins CO

Rutgers University College of Pharmacy Department of Chemical Biology and Pharmaconosy Melanin in the

photobiology of skin cancer and the radiobiology of melanoma Piscataway NJ June 1990

Rutgers University Department of Biological Sciences Melanin skin cancer and melanoma Newark NJ
September 1990

Participant 2nd annual Mini-symposium DNA Damage Repair Mutation and Disease Molecular and Cellular

Aspects Colorado State University February 1991 Fort Collins CO
Temple University School of Medicine The Resurrection Factor Transfer of Radioresistance in melanoma

Philadelphia PA June 1991

Plenary session speaker Ilird Meeting PanAmer Soc Pigment Cell Research July 11 1991 Edmonton Alberta
CANADA

Plenary session speaker 3rd annual meeting European Society for Pigment Cell Research Amsterdam
NETHERLANDS Sept 1991

Participant 4nd annual Mini-symposium DNA Damage Repair Mutation and Disease Molecular and Cellular

Aspects Colorado State University February 1993 Fort Collins CO
State University of New York Health Science Center at Brooklyn Interesting findings in melanoma Nov 18

1991

Plenary session speaker AACR Special Conference on Cellular Responses to Environmental DNA damage
Banff Alberta CANADA Dec 1991 The role of melanin in the photo- and radiobiology of malignant
melanoma

Univ Massachusetts Dept of Biochemistry and Molecular Biology Photo- and Radiobiology of melanin and
melanoma Feb 18 1992

Brookhaven National Laboratory Dept of Biology Is tanning carcinogenic Aug 1992
National Cancer Institute NIH Laboratory of Cellular Biology Is tanning carcinogenic Sep 11 1992
Participant 4nd annual Mini-symposium DNA Damage Repair Mutation and Disease Molecular and Cellular

Aspects Colorado State University February 1993 Fort Collins CO
Lecture series sponsored by the American Cancer Society the NCI Bolivian Cancer Society and the Cancer

Institute of Eastern Bolivia on Current Aspects of Surgical Oncology and Cancer Biology presented at the
Departments of Medicine and Surgery Faculty of Medicine La Paz and the Cancer Institute of Eastern
Bolivia Santa Cruz BOLIVIA Lectures on 8/12 8/13 8/14 La Paz and 8/16 8/17 Santa Cruz 1993

Plenary presentation HZ HILL GJ Hill Chowdhary Schlehaider Split dose recovery SDR and double
strand break DSB repair of radiation sensitive and resistant melanoma cells after gamma ray exposure
XVth International Pigment Cell Conference London ENGLAND 29 Sep 93

Role of Melanin in the Photobiology of Melanoma Rutgers University School of Pharmacy Mar 1994
Is melanin photoprotective or is it photosensitizing Lunch time debate Melanin Symposium Washington DC

Mar1994

multi-therapy resistance factor from melanoma Biochemistry Department Faculty Seminar NJ Medical
School Jan 1996

multi-therapy resistance factor from melanoma Department of Surgery NJ Medical School Mar 1996
multi-therapy resistance factor from melanoma Centers for Laboratory Investigation and Continuing
Education NJ Medical School Mar 1996

multi-therapy resistance factor from melanoma Program of Molecular and Cellular Biology Wistar Institute
Phila PA May 1996

Melanins and photoprotection Fondation Rene Touraine Scientific Meeting Paris France Oct 1996
Melanin the two-edged sword Workshop on Extracutaneous Melanin Melanocytes and Melanogenesis XVlth

International Pigment Cell Conference Anaheim CA Oct 1996
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novel mechanism for radiation and chemotherapy resistance in melanoma Department of Radiation

Oncology University of Pennsylvania Medical Center Philadelphia PA Jan 1997
Radiation resistance in melanoma Colorado State University Cell and Molecular Biology Graduate Program Ft

Collins CO Mar 1997

factor that rescues tumor cells from radiation death Seminar Series Current Topics in Cancer Research

Student Summer Research Program July1997

Radiation and Chemotherapy Resistance Factor from Melanoma Department of Medicine UMDNJ-NJ
Medical School March 1998

Purification of multi-therapy resistance factor from melanoma Focus Session of the Annual Retreat on

Cancer Research in New Jersey Princeton NJ May 1998

Purification of complex protein that rescues melanoma cells from radiation and chemotherapy death

Symposium on the Mechanism Radiation Resistance Annual Meeting of the American Society for

Photocbiology Snowbird UT July 1998

Induction of both phaeomelanin and eumelanin decreases killing of melanoma cells by reactive oxygen species

Workshop on UV Accessory to Melanoma If So How Annual Meeting of the American Society for

Photocbiology Snowbird UT July 1998

factor that rescues tumor cells from radiation death Seminar Series Current Topics in Cancer Research

Student Summer Research Program 1998

radiation and chemotherapy rescue factor from melanoma Coriell Institute for Medical Research Camden
NJ Dec8 1998

Radiation resistance factor from melanoma Thomas Jefferson University Philadelphia PA Feb 1999

Defining the role of melanins in photoprotection XVllth International Pigment Cell Conference Nagoya JAPAN
Nov 1999

Review of the radiobiology of pigment cells gth Eur Soc Pigment Cell Research Meeting Ulm GERMANY
Sept 29 2000

OTHER ACTIVITIES

Discussion of genetic engineering and superbabies on Station KSD Huntington WV March 1980
Discussion of Interferon for the American Cancer Society West Virginia Division WSAZ-TV April 1980

Discussion leader at Smith College Alumnae College Northampton MA May 1980

Poster presentation Is post-replication repair unique process in mammalian cells Gordon Conference on

Mutagenesis Biological and Chemical Mechanisms Andover NH July 1980

Organizer and panel discussion Chairman Continuing Medical Education Symposium on Genetic Programs in

West Virginia Today December 1980

Television interview to discuss the basic biology of cancer therapy WOWK-TV Huntington WV January 1981

Guest expert for the Essex County Medical Society on the Weekly Health Hour Station WNJR May 1982
Poster presentation Effects of caffeine on DNA replication in mouse melanoma cells Gordon Conference on

Chemotherapy of Experimental and Clinical Cancer New London NH July 1982
Interviewed for radio station WRVM Haslett NJ to discuss skin cancer November 1984

Consultant to the American Cancer Society New Jersey Division on Cancer of the Skin 1984-present
Television discussion on Skin Cancer Health Information Network sponsored by the American Cancer Society

July 31 1985

Chairman poster session on Radiosensitizers and Radioprotectors 14th International Cancer Congress
Budapest HUNGARY August 25 1986

Chairman platform session New Jersey Commission on Cancer Research Workshop on Cancer Research in

New Jersey 1986

Poster presentation Johns Hopkins University School of Hygiene and Public Health HZ HILL CA Huselton and
GJ Hill Melanin protects against direct effect and enhances indirect effect photodamage in DNA of

Cloudman S91 mouse melanoma cells Laurel MD June 1987

Member American Cancer Society New Jersey Division Public Education Committee 1987- Subcommittee
on Melanoma and Skin Cancer Detection 1986-

Co-chairman mini-symposium Ultraviolet Effects Radiation Research Society Annual Meeting April 1988
Philadelphia PA

Co-chairman mini-symposium Structure and function of melanins PanAmerican Society for Pigment Cell

Research Annual Meeting April 1989 Bethesda MD
Co-chairman platform session Photobiology of melanin pigmentation European Society for Pigment Cell

Research Meeting June 1989 Uppsala SWEDEN
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Poster Presentation HZ HILL Bargellini Trizna and GJ Hill Induction of double strand breaks by low LET
ionizing radiation in DNA of mouse melanoma cells varying in intracellular melanin NJ Commission on
Cancer Research 4th Annual Workshop on Cancer Research in New Jersey October 1990 Princeton NJ

Poster Presentation GJ Hill Au Schlehaider HZ HILL Characteristics of radiation rescue factor RF
produced by S91 mouse melanoma cells in vitro Society of Surgical Oncology Annual Meeting New York
NY Mar 17 1992

UMDNJ Presenter for June 1993 Cancer Briefing for media representatives
Ad hoc grant reviewer for NSF grants Veterans Administration Merit Review 1993

Reviewer for promotion to tenure of Dr Thomas Hei Department of Radiobiology Columbia University 1993
Reviewer for promotion to tenure of Dr Patricia Gallagher Department of Biochemistry West Virginia

University 1993

Poster Presentation Cosnii GJ Hill HZ Hill Cieszka Solar induced DNA-protein cross-links in pigmented
melanoma cells Annual Workshop on Cancer Research in New Jersey November 1993 Piscataway NJ

Co-Chairman platform session Annual Meeting American Society for Photobiology Photobiology of the dermis
June 1994

Ad hoc member of the American Cancer Society Advisory Committee on Cell Biology Jan 22-23 1995
Member of the Task Force for New Item Development Board questions on Radiation Biology for the American

Board of Radiology 1994-1996

Captain of judges for medical science projects at the North Jersey Science Fair Morristown NJ March 1995
Co-Chairman Contributed Papers Session UV Photobiology Annual Meeting American Society for

Photobiology June 1995

Organizer and Co-Chairman Melanin Symposium Annual Meeting American Society for Photobiology June
1996

Co-Chairman afternoon session The Melanocyte Fondation Rene Touraine Scientific Meeting Pans France
Oct 1996

Co-Chairman Workshop on Extracutaneous Melanin Melanocytes and Melanogenesis XVlth International

Pigment Cell Conference Anaheim CA Oct 1996
Poster Presentation HZ Hill Tang Zhou HC Silva Li and Kueppers Immunological inactivation of an

autocrine multitherapy resistance factor MTRF from melanoma 45th Annual Meeting of the Radiation
Research Society Providence RI May 1997

Co-Chairman Minisymposium on Photobiology and biophsyics of melanin and melanocytes 7th Annual Meeting
of the PanAmerican Society for Pigment Cell Research Providence RI June 1997

Co-Chairman Platform Session on Environmental Photobiology and UVR Effects 25th Annual Meeting of the
American Society for Photobiology St Louis MO July 1997

Poster Presentation HZ HILL and Tang Western blot analysis of serum-free conditioned medium SFCM that
rescues cultured melanoma cells from radiation and chemotherapy 46th Ann Meeting Radiation Research
Soc Louisville KY April 1998

Representative for Brandeis University at the inauguration of Stuart Cook M.D as President of the University
of Medicine and Dentistry of New Jersey April 1999

Co-Chairman Platform Session on Environmental Photobiology/Sunscreens 29th Annual Meeting of the
American Society for Photobiology Chicago IL July 10 2001

Co-Chairman Platform Session of Contributed Papers American Society for Photobiology Baltimore MD July
2003

WORKSHOPS AND GRADUATE EDUCATION

Tumor Biology Harvard Medical School November 15-19 1976

ICN-UCLA Symposia DNA Repair Mechanisms 1978 DNA Replication and Recombination 1980 Mechanisms
of Chemical Carcinogenesis 1981 Rational Basis for Chemotherapy 1982 Cellular Responses to DNA
Damage 1983

UCLA Symposium Mechanisms and Consequences of DNA Damage Processing 1988 Genetic Mechanisms in

Carcinogenesis and Tumor Progression 1989
Gordon Conferences Mutagenesis Biological and Chemical Mechanisms 1980 1982 Chemotherapy of

Experimental and Clinical Cancer 1980 1982 1983 1986

Waters Associates LC Short Course January 1984
New Jersey Commission on Cancer Research Workshop on Cancer Research in New Jersey 1986 1987 1989
UCLA Symposium Mechanisms and consequences of DNA damage processing Taos NM January 1988

Genetic mechanisms in carcinogenesis and tumor progression Keystone CO January 1989
NIH Consensus Conference Sunlight UV and skin Bethesda MD May 1989

UMDNJ-University Libraries Medical Literature Searching Using Grateful Med Software Newark NJ June 1990
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Rutgers University Recombinant DNA Techniques An Introductory Laboratory Course New Brunswick NJ
June 1990

Waters Associates Essentials in Bioresearch Seminar June 14 1991

Sepracor mc Purification of Protein Biologics One Day Workshop June 14 1991

Keystone Symposium Melanoma and Diseases of the Neural Crest Taos NM Feb 1-8 1992

Keystone Symposium on the Molecular Biology of Aging Lake Tahoe CA March 1993

Annual Workshop on Cancer Research in New Jersey November 1993-96

International Workshop on the Tumor Microenvironment An important paradigm in cancer etiology and

treatment Edgartown MA April 1997

Pharmacia Biotech Electrophoresis Seminar Somerville NJ May 1997

Photoshop Seminar Freehold NJ July 2003
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Provide the following information for the key personnel in the order listed on Form Page
Photocopy this page or follow this format for each person

NAME
POSITION TITLE

Roger Howell Ph.D
Associate Professor of Radiology

EDUCATIONrrRAJNING BeRm with baccalaureate titer initial professional education such as nursing and include postdoctoral training
DEGREE YEARs

INSTITUTION AND LOCATION
if applicable FIELD OF STUDY

University of Massachusetts Amherst MA B.S 1982
Physics

University of Massachusetts Amherst MA Ph.D 1987 PhysicsRESEARCH AND PROFESSIONAL EXPERIENCE Concluding with present position list in
chronological order

previous employment experience and honors include present membership
on any Federal Government public advisory committee List in chxonologsl order the titles all authors and complete references to all publications

durtng the
past three years and to

representative earlier publications pertinent to this application If the list of publications in the last three years exceeds two pages select the most pertinent publications DO NOT EXCEEDTWO PAGES

Professional ExDerjenCe

1995- Associate Professor UMDNJ New Jersey Medical School
1989-1995 Assistant Professor UMDNJ New Jersey Medical School
1987-1989 Instructor UMDNJ New Jersey Medical School

Awards

1995 Outstanding Dosimetry Manuscript Award by the Journal of Nuclear Medicine MurtyGoddu R.W Howell D.V Rao generalized approach to absorbed dose calculations for
dynamic tumor and organ masses Nuci Med 36 1923-1927 1995

Research Projects Ongoing or Compieted During the Last Years

July 1991-June 1997 USPHS Grant No R29 CA54891
Principal Investigator Roger Howell Ph.D
Agency National Cancer Institute

The long-term objective of this project was to investigate the biological effects of incorporated alpha
particle emitters as they relate to radon exposure Experiments were carried out in vivo in the mouse testesand in vitro in cell culture models Radionucljdes emitting alpha particles with energies ranging from 3.2 to8.8 MeV were examined and various subcellular distributions of the radionucl ides were studied While
energy plays an.important role in the response the subcellular distribution did not

1998 NE Hazardous Substance Research Center Subcontract No 991653
Principal Investigator Roger Howell Ph.D
Agency U.S Department of Energy
The long-term objective of this project was to provide educational assistance to residents of the city of

Bloomfield NJ on risk associated with exposure to thorium and uranium industrial waste products In
addition methods of remedjatjon and remediatjon assessment were also covered Finally the remediation
process used by Westinghouse was also examined in detail

pcial Professional ServiŁe

Society of Nuclear Medicine Medical Internal Radiation Dose Committee MIRD July 1992 presentInternational Commission on Radiation Units and Measurements ICRU Report Committee on
Conceptual Basis for Dose Specification in Nuclear Medicine 1998 present

Program Committee Second International Symposium on Biophysical Aspects of Auger Processes July 5-
1991 Univ of Massachusetts Amherst MA

PHS 398 Rev 4/98 Form Page Page
EXHIBIT FFNumber pages consecutively at the bottom throughout the application Do use suffixes Such as 3a 3b



Pnncipal investigator/program Director Last first middle
Scientific Program Sub-Chair Dosimetry/Radiobiology 1993 and 1994 Annual Meetings of the Society of

Nuclear Medicine

Am Assoc Physicists in Medicine Task Group on Auger Electron Dosimetry June 1989 June 1994
Program Committee 199 1-1994 1998 Annual Meeting of the Society of Nuclear Medicine
Program Committee 1993-1995 Annual Meeting of the American Association of Physicists in Medicine

Publications 65 articles edited book book reports

Selected Bibliography

R.W Howell D.V Rao and K.S.R Sastry Macroscopic dosimetry for radioimmunotherapy Non-uniform
activity distributions in solid tumors Med Phys 1666-74 1989
D.V Rao V.R Narra R.W Howell V.K Lanka K.S.R Sastry Induction of spermhead abnormalities by
incorporated radionuclides Dependence on subcellular distribution type of radiation dose rate and
presence of radioprotectors Radiat Res 12589-97 1991
R.W Howell D.V Rao D.Y Hou V.R Narra K.S.R Sastry The question of relative biological
effectiveness and quality factor for Auger emitters incorporated into proliferating mammalian cells Radiat
Res 128282-292 1991
R.W Howell V.R Narra and D.V Rao Absorbed dose calculations for rapidly growing tumors NuciMed 33277-281 1992
V.R Narra R.W Howell Harapanhalli Sastry and Rao Radiotoxicity of some 1-123
1-125 and 1-131 labeled compounds in mouse testis Implications for radiopharmaceutical design NuciMed 332196-2201 1992
R.W Howell Radiation spectra for Auger-electron emitting radionuclides Report No of AAPM
Nuclear Medicine Task Group No Med Phys 19 1371-1383 1992
R.W Howell Narra Sastry and Rao On the equivalent dose for Auger electron
emitters Radiat Res 13471-78 1993
R.W Howell M.T Azure V.R Nan-a and flY Rao Relative biological effectiveness of alpha-particle
emitters at low doses Radiat Res 137352-360 1994

Goddu Howell and Rao Cellular dosimetry Absorbed fractions for monoenergetic
electron 0.1 keV MeV and alpha particle 10 MeV sources and S-values for radionuclides
distributed uniformly in different cell compartments Nucl Med 35303-3 16 1994

10 Goddu Rao and Howell Multicellular dosimetry for micrometastases Dependence of
self-dose versus cross-dose to cell nuclei on type and energy of radiation and subcellular distribution of
radionuclides Nuci Med 3552 1-530 1994

11 Azure Archer Sastry Rao and Howell Biologic effect of 212Pb
localized in the nucleus of mammalian cells Role of recoil energy in the radiotoxicity of internal alpha
emitters Radiat Res 140 276-283 1994

12 Howell Kassis Adelstejn Rao Wright Hamm Turner and
Sastry Radiotoxicity of IesmPt labeled trans-platinum II in mammalian cells Radiat Res 140 55-62

1994
13 Howell Goddu and Rao Application of the linear-quadratic model to

radioimmunotherapy Further support for the advantage of longer-lived radionuclides Nucl Med 35
1861-1869 1994

14 Goddu Howell and Rao generalized approach toabsorbed dose calculations for

dynamic tumor and organ masses NucI Med 36 1923-1927 1995
15 Goddu Howell and Rao generalized approach to absorbed dose calculations for

dynamic tumor and organ masses NucI Med 36 1923-1927 1995
16 Harapanhalli Yaghmai Giuliani Howell and Rao Antioxidant effects of vitamin

in mice following X-irradiation Research Communications in Molecular Pathology and Pharmacology
94 271-287 1996

PHS 398 Rev 4/98 Page
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17 Goddu Howell and Rao Calculation of equivalent dose for Auger electron emitting

radionuclides distributed in human organs Acra Oncologica 35 909-916 1996
18 Goddu Narra Harapanhalli Howell and Rao Radioprotection by DMSO

against the biological effects of incorporated radionuclides in vivo Acta Oncologica 35 901-907 1996
19 Howell and Rao Auger electron emitters Equivalent dose chemical protection against their

biological effects and use in cancer treatment In Radiation Research 1895-1995 Hagen Harder

Jung and Streffer Eds pp 82-85 Universitätsdruckerei Stürtz AG Würzburg 1996

20 Narra Howell Goddu and Rao Effects of 1.5-Tesla magnetic field on

sperrnatogenesis and embryogenesis in mice Investigative Radiology 31 586-590 1996
21 Harapanhalli McLaughlin Howell Rao Adelstein and Kassis l25I1I2I

IodoHoechst 33342 Synthesis DNA binding and biodistribution studies Med Chem 394804-4809

1996
22 Howell Goddu and Rao Design and performance characteristics of an experimental Cs-

137 irradiator to simulate internal radionuclide dose rate patterns Nuci Med 38 727-731 1997
23 Howell Goddu Narra Fisher Schenter and Rao Radiotoxicity of

gadolinium-148 and radium-223 in mouse testes Relative biological effectiveness of alpha particle emitters

in vivo Radiat Res 147 342-348 .1997
24 Goddu Howell Bouchet Boich and Rao MIRD Cellular values Self-

absorbed dose per unit cumulated activity for selected radionuclides and monoenergetic electron and alpha

particle emitters incorporated into different cell compartments Society of Nuclear Medicine Reston VA
1997

25 Adeistein Howell Humm Makrigiorgos and Wessels On the conceptual

basis for dose quantities in nuclear medicine ICRU News 14-10 1998
26 Howell Goddu Bishayee and Rao Radioprotection against lethal damage caused by

chronic irradiation with radionuclides in vitro Radiat Res 150 391-399 1998
27 Goddu Howell Giuliani and Rao Biological dosimetry of bone marrow for

incorporated NucI Med 39 547-551 1998
28 Howell Goddu and Rao Proliferation and the advantage of longer-lived radionuclides

in radioimmunotherapy Med Phys 25 37-42 1998
29 Bolch Bouchet Robertson Wessels Siegel Howell Erdi

Aydogan Costes and Watson MIRD Pamphlet No 17 The dosimetry of nonuniform activity

distributions radionuclide values at the voxel level Nuci Med 40 1S-36S 1999
30 Howell Wessels and Loevinger The MIRD Perspective 1999 Nuci Med 40 3S-lOS

1999
31 Bishayee Rao and Howell RAPID COMMUNICATION Evidence for pronounced

bystander effects caused by nonuniform distributions of radioactivity using novel three-dimensional tissue

culture model Radiat Res 152 88-97 1999
32 Bouchet Bolch Howell and Rao values for radionuclides localized within the

skeleton Nuci Med In press

33 Bouchet Bolch Goddu Howell and Rao Considerations in the selection of

radiopharmaceuticals for palliation of bone pain from metastatic osseous lesions Nuci Med In press

34 Goddu Bishayee Bouchet Bolch Rao and Howell Marrow toxicity of

33P- versus 32P-orthophosphate Implications for therapy of bone pain and bone metastases Nuci Med In

press

35 Botch Bouchet Robertson Wessels Siegel Howell Erdi

Aydogan Costes and Watson MIRD Pamphlet No 17 The dosimetry of nonuniform activity

distributions radionuclide values at the voxel level Nuci Med 401 1S-36S 1999
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Anupam Bishayee Ph.D Research Teaching Specialist

ED LJCATIONTRAINING Begin with baccalaureate or other initial projessional education such as nursin and include postdoctoral raznn

DEGREE YEAR
INSTITUTION AND LOCATION

applicable CONFERRED FIELD OF STUDY
Jadavpur University Calcutta India B.Pharm 1989 Pharm Tech
Jadavpur University Calcutta India M.Pharm 1991 Biochem Pharmacol
Jadavpur University Calcutta India Ph.D 1996 Tumor Biol
RESEARCH AND PROFESSIONAL EXPERIENCE Concluding with present position list in chronological order previous employment experience and honors include

present membershipon any Federal Government
public advisory committee List in chronological order the titles all authors and complete references to all publications during the past three

years and to
representative earlier publications penineni to this

application If the list of publications in the last three
yeaxs exceeds two pages select the most pertinent publications DO NOT EXCEEDTWO PAGES

Ph.D Thesis Biological and biochemical role vanadium in the chemoprevention of neoplastic
transformation against chemically-induced hepatocarcinogenesis in rats

Professional Experience

Feb 1997-present

Awards

Research Teaching Specialist UMDNJ New Jersey Medical School

1991

1994

1995

1995

1999

Bibliography

Award of Senior Research Fellowship from CSIR India

Young Scientist Award from National Science Council Canada
Award of Research Associateship from CSIR India

Younger Scientist Award from Indian Chemical Society

Young Investigator Award from Indo-American Society of Nuclear Medicine Los Angles

Chapters or articles in books

Chatterjee and Bishayee Vanadium new tool for cancer prevention In Vanadium in the

Environment Part Health Effects edited by Nriagu J.O. John Wiley and Sons Inc New York pp
347-3901998

Bishayee and Chatterjee Antitumour potential of vanadium against chemically induced

hepatocarcinogenesis reflection in hepatic drug detoxification In Proceedings of the XVlth
International Cancer Congress edited by Rao R.S DeoM.G and SanghviL.D Monduzzi Editore

S.p.A Bologna pp 307 1-3076 1994

Articles

Goddu S.M Bishayee Bouchet L.G Bloch W.E Rao D.V Howell R.W Marrow toxicity of
P- versus 32P-orthophosphate implications for therapy of bone pain and bone metastases Journal of
Nuclear Medicine accepted 1999
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growth factor receptor Bioscience Reports in press 1999
Bishayee Roy Chatterjee Characterization of selective induction and

alteration of xeriobjotjcbiotransforming enzymes by vanadium during diethylnitrosamjneinduced
chemical rat livercarcinogenesis Oncology Research 11 41-53 1999

Bishayee Rao D.V Howell R.W Evidence for pronounced bystander effects caused by nonunifodistributions of
radioactivity using novel three-dimensional tissue culture model Radiation Research152 88-971999

Bishavee Beguinot Bishayee Phosphorylation of tyrosine 992 1068 and 1086 is required forconformational change of the human epidermal growth factor receptor c-tenTiinal tail Molecular Biologyof the Cell /0 525-5361999
Howell R.W Goddu S.M Bishayee Rao DV Radioprotection against lethal damage caused bychronic irradiation with radionuci ides in vitro Radiation Research 150 39 1-399 1998
Bishavee Kulkarni S.P Roy Chatterjee Alterations in total iron zinc and calcium levelsand its influence on the hepatic activities of gamma-glutamyl transferase and glucose-6-phosphatase in thehost bearing transplantable murine lymphoma Cancer Investigation 16 23 1-236 1998
Sarkar Basak Bishayee Basak and Chatterjee 3-Carotene inhibits rat liverchromosomal aberrations and DNA chain break after single injection of diethylnitrosamine BritishJournal of Cancer 76 855-86 1997
Bishayee Karrnakar Mandal Kunclu S.N and Chatterjee Vanadium-mediated
chemoprotection against chemical rat hepatocarcinogenesjs reflection in haematologjc and

histologicalcharacteristics European Journal of Cancer Prevention 58-70 1997
10 Bishayee Banik Marimuthu and Chatterjee Vanadiummediated

suppression ofdiethylnitrosamineinduced chromosomal aberrations in rat hepatocytes and its correlation with inductionof hepatic glutathione and hirtbinne .c-transferase International Journal of Oncolo2v 10 413-4231997
11 BanerjeeK.F israyeØ Marirnuthu Evaluation of cyanide exposure nd sfet on throidfunction of workers in cable industry Journal of Occupational and Environmental i.edicine 39 258-2601997
12 Mandal Bishayee and Chatterjee Trianthema portulacastrum affords antihepatotoxic activityagainst carbon tetrachioride-induced chronic liver damage in mice reflection in subcellular levels

Phvtorherapy Research 11 216-221 1997
L3 Bishayee Mandal and Chatterjee Prevc1L1on of alcohol carbon tetrachloride-induced signs of

early hepatotoxicfty in mice by Trianthema portulacastrum Phytomedicine 155-1611996
Bishayee and Chatterjee Inhibitory effect of vanadium on rat liver carcinogenesis initiattu
diethylnitrosarnjne and promoted by phenobarbital British Journal of Cancer 71 1214-1220 199515 Bishayee and Chatterjee Inhibition of altered liver cell foci and

persistent nodule growth byvanadium during diethvl trr ._tndi -ed
hepatocarcinogenesis in rats Anticancer Research 15 455-4621995

16 Sarkar Bishayee and Chatterjee Beta-carotene prevents lipid peroxidation and red blood cellmembrane protein damage in experimental hepatocarcinogenesis Cancer Biochemistry Biophysics 15111-125 1995
17 Bishayee and Chatterjee Time course effects of vanadium supplement on cytosolic reduced

glutathione level and glutathione S-transferase activity Biological Trace Element Research 48 275-285
1995

18 Bishayee Sarkar and Chatterjee Hepatoprotective activity of carrot Daucus carota L.y
against carbon tetrachloride intoxication in mouse liver Journal of Ethnophai-naco1ogy 47 69-74 199519 Bishayee and Chatterjee Mechanism of anti-stress activity of Mikania cord7ra root extract
albino mice International Journal of Pharmacognosy 33 15-221 1995
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activities following administration of human placental extract in rats European Review for Medical andPharmacological Sciences 17 1946 1995
21 Banetjee K.K Bishayee and Chatteijee Effects of human placental extract on brain monoaminesand monoamine oxidase

activity in rats Tohoku Journal of Experimental Medicine 176 17-24 199522 Bishayee and Chatterjee Anticarcinogenic biological rsponse of Mikània cordara reflections
hepatic biotransformation systems Cancer Letters 81 93-20 199423 Bishayee and Chatterjee Protective effects of Mikania cordata root extract against physical andchemical factors-induced gastric erosions in experimental animals Planta Medico 60 110-113 199424 Bishayee and Chatterjee Increased lipid peroxidation in tissues of catfish Clarias batracnu
following vanadium treatment in vivo and in vitro evaluation Journal of Inorganic Biochemistry 54277-284 1994

25 Bishayee and Chatterjee Anti-stress potential of Mikania cordara root extract in mice
International Journal of Pharinacognosy 32 126-134 1994

26 Banerjee K.K Bishayee Banik and Chatterjee Hepatotoxicity of human placental extract inrats biochemical evaluation Nihon University Journal of Medicine 36 197-206 199427 Bishayee and Chatterjee Hypolipidaernjc and anti-atherosclerotic effects of oral vnnema
sylvestre Br leaf extract in albino rats fed on high fat diet Phytotherapy Research 118-120 199428 Bishayee and Chatterjee Dose-related enhancement of cytosolic glutathione S-transferase

activityand glutathione content in liver and extrahepatic tissues in mice with Mikania cordata root extract
probable involvement in chemical carcinogenesis Australian Journal of Medical Herbalism 9-131994

29 Banerjee K.K Bishayee and Chatterjee Elevated
lipid peroxidation decreased glutathione levelsand changes in glutathione-related enzymes in rats treated with human placental extract Acta MedicaOkayama 47 22 3-227 1993

30 Bishayee and Chatterjee Selective enhancement of glutathione S-transferase activity in liver and
extrahepatic tissues of rat following oral administration of vanadate Acta Physiologica et PharmacologicaBulgarica 19 83-89 1993

31 Bishayee and Chatterjee Carrot aqueous extract protection against hepatic oxidative stress and
lipid peroxidation induced by acute carbon tetrachloride intoxication in mice Fitoterapia 64 26 1-2651993

32 Mandal P.K Bishayee and Chatterjee Stimulation of tissue repair by Mikania cordata roeextract in carbon tetrachloride-jnduced liver injury in mice Phytotherapy Research 103-105 1993
Mandal P.K Bishayee and Chatterjee Stimulation of hepatic protein synthesis in responsetoMikania cordata root extract in carbon tetracjiloride-induced hepatotoxicity in mice Italian Journal of
Biochemistry 41 345-3511992

34 Mandal P.K Bishayee Mukherjee J.R and Chatterjee Mikanja cordata root extract in the
inhibition of lipid peroxidation and reduction of enzyme leakage in mice with carn tetrachlorideinduced liver damage Phyrotherapy Research 227-229 1992

35 Mandal P.K Bishayee Mukherjee J.R and Chatterjee Effect of Mikania cordata root extracon lipid metabolism in carbon tetrachloride-induced
fatty liver in mice Fitoterapia 63 160-162 199236 Banerjee K.K Bishayee and Chatterjee Anti-inflammatory effect of human placental extract

biochemical mechanistic approach Eurogean Review for Medical and Pharmacological Sciences 1436 1-366 1992
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ELLROGERW
research design and methods for achieving these goals Avoid summanes of past accomplishments and the use of the first person This descnption is meant to serve as
succinct and accurate descnption of the proposed work when separated from the application If the application is funded this description as is will become public information
Therefore do not include proprietary/confidental information DO NOT EXCEED THE SPACE PROVIDED

There are numerous factors that determine the biological response of tissues that contain
radioactivity suchas radiosensitivity distribution of radioactivity type and number of radiations emitted by the radionuclidebiokinetjcs of the radionuclide repair time etc Traditionally the mean absorbed dose to the tissue is calculatedto correlate the biological response with mean absorbed dose However nonuniform

activity distributions intissue at the multicellular and subcellular levels result in nonuniform doses and therefore have made it difficultto adequately correlate biological response with mean absorbed dose This is an important problem in diagnosticand therapeutic nuclear medicine In the case of diagnosis the risk of the radiation insult can in principle be
drastically underestimated and potentially lead to increased risk of inducing cancer In contrast patients can beover- or under-treated in radionuclide therapy of cancer Over-treatment or under-treatment in radionuclide
therapy of cancer can have very adverse consequences in the final outcome for the patient While calculation ofabsorbed dose at the cellular level has been advocated as means to address this problem this has

largelyremained theoretical exercise We hypothesize that the biological response of tissues containing incorporatedradjonuclides can be correlated with absorbed dose when calculated at the cellular level To test our hypothesisnovel in vitro multicellular cluster model will be used which allows tight control over variables Multicellularclusters will be assembled with mammalian cells containing radioactivity and the cell survival fraction asfunction of cluster activity will be determined for several different radiopharmaceuticais which emit alphaparticles beta particles or Auger electrons Different
percentages of the cells will be labeled with the differentradiochemjcals to ascertain the impact of nonuniform distributions of radioactivity at the cellular and subcellularlevels By controlling the percentage of cells labeled this model will also be used to ascertain the role ofbystander effects in the biological effects of incorporated radioactivity These data and cellular dosimetrycalculations will be used to develop theoretical model to predict response based on cellular absorbed dbse and

bystander effects The outcome of this research is expected to have major impact on understanding andredicting the biological response of tumor and normal tissue to nonuniform distributions of radioactivityPER FORMANCE SITES organization city state

UMDNJ New Jersey Medical School

Newark NJ

KEY PERSONNEL See instructions on page 11 Use continuation pages as needed to provide the required information in the format shown below

Name
Organization

Role on Project

Roger Howell Ph.D UMDNJ New Jersey Medical School Radiology Principal InvestigatorHelene Hill Ph.D UMDNJ New Jersey Medical School Radiology Co-InvestigatorDandamudi Rao Ph.D UMDNJ New Jersey Medical School Radiology Co-InvestigatorAnupam Bishayee Ph.D UMDNJ New Jersey Medical School Radiology Res Teaching Specialist
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Specific Instructions on page

RESEARCH GRANT

TABLE OF CONTENTS

Page Numbers

Face Page

Description Performance Sites and Personnel

Table of Contents

_______Budget Justification for Proposed Period of Support
Biographical Sketch-Principal Investigator/Program Director Not to exceed three pages

______Other Biographical Sketches Not to exceed three pages for each
______Other Support

_____Resources

Research Plan

Introduction to Revised Application Not to exceed pages 118Introduction to Supplemental Application Not to exceed page
_______Specific Aims
__.2iBackground and Significance

_22
Preliminary Studies/Progress Report ....Items a-d not to exceed 25 pages _24Research Design and Methods
Human Subjects

_45Vertebrate Animals

______Literature Cited

______Consortium/Contractual Arrangements
51Consultants

_______Checklist

_______Type density and type size of the entire application must conform to limits provided in instructions on page

Appendix Five collated sets No page numbering necessary for Appendix
Check if

Number of publications and
manuscripts accepted or submitted for publication Not to exceed 10

Is

IncludedAttachment Bishayee et al Evidence for pronounced .. Radiat Res 152 88-97 1999Attachment Goddu et al Multicellular dosimetry ... Nuci Med 35 52 1-530 1994
Attachment Goddu et al Cellular dosimetry ... NucI Med 35 303-3 16 1994
Attachment Howell et al The question of relative.. Radiat Res 128 282-292 1991
Attachment Azure et al Biological effect of Lead-212.. Radiat Res 140 276-283 1994

Other items list

Letter from confocal microscopy consultant Jeffry Gardner Ph.D
Letter from flow cytometry and FACS consultant Thomas Denny
Letter from gap junction consultant James Trosko Ph.D
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Director Last first middle I-4OWELL ROGER

Third Year of Fourth Year of Fifth Year of
Support Support pport
$175000 $175000 $175.000

Personnel

Bger Howell Ph.D Principal Investigator 25% effort will direct the project as whole supervise theexperiments that are proposed and ensure that the Specific Aims are accomplished in timely fashion DrHowell has over decade of experience with experimental and theoretical dosimetry of radionuclides

Helene Hill Ph.D Co-Investigator 5% effort will assist in the design and implementation of the HGPRTmutation and comet assays She has extensive experience in radiobiology and has spearheaded the acquisitionof the preliminary HGPRT mutation data

Dandamudj Rao Ph.D Co-Investigator 5% effort will assist in experimental design interpretation of theresults and manuscript preparation He has more than two decades of experience with radiobiological modelsand dosimetry of radionuclides No salary support is requested for Dr Rao

Anupam Bishayee Ph.D Research Teaching Specialist 100% effort has three years of experience with theassays to be performed in this project He will use this experience to immediately begin carrying out the day today experiments described in the project He will be responsible for generation of biokinetics survival andmutation data as well as their analyses He will also ensure that all necessary supplies are maintained
Post-doctoral fellow 100% effort will be responsible for the computer coding required for the theoreticalmodeling calculations This will be carried out under the guidance of Dr Howell He will also be responsiblefor the radiochemjcal synthesis and purification Finally he will also carry out some of the V79 cellexperiments due to the large amount of data that needs to be collected

Equipment

Packard Automatic Gamma Counter Packard Cobra Model 5003 Automatic Gamma Counter isrequested in the budget $25000 The instrument is required for the extensive radiation quantificationmeasurements that are an integral part of the project We currently use Naf well-counter with Canberra Model10 portable multichannel analyzer to assay and 1251 This instrument requires that samples be counted one attime and it is 15-20 years old with numerous keypad operational problems The proposed studies involvecounting hundreds of tubes per week and therefore the automatic aspect of the requested instrument is essentialPersonal Computer One high speed personal computer to support the theoretical calculations $2500
Increase in Budget Over First Submission

The direct costs requested for this revised grant proposal are increased primarily because of experimentsadded at the request of the reviewers Fluorescent activated cell sorting adds an important dimension to thework We anticipate hours of sorting per week at an annual cost of about $12500 To accommodate thesorting experiments and the reviewers request for additional assays we have increased the requested budgetperiod from four years to five years Finally we have added Dr Hill to help provide support for the additionalassays namely mutagenesjs and comet assays
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Page __4

Number pages consecutively at the bottom throughout the application Do use suffixes Such as 3a 3b

Budget Justification

Initial Budget

Period

$175000

Total Direct Costs for Entire Period of Suflport $875000
Second Year of

Support

$175000



___________.__.._..PrlncIPallnvestigator/Program Director Last first middle hgLPOGER
Provide the

following information for the key personnel in the order listed on Form Page
Photocopy this

page or follow this format for each person

NAME
POSITION TITLE

Roger Howell Ph.D
Associate Professor of Radiology

EDUCATION/TRAINING Begin with baccalaureate ther initial professional education such as nursing and include postdoctoral trainzn.7
DEGREE YEARs

INSTITUTION AND LOCATION
applicable FIELD OF STUDY

University of Massachusetts Amherst MA B.S 1982
Physics

University of Massachusetts Amherst MA Ph.D 1987
PhysicsRESEARCH AND PROFESSIONAL EXPERIENCE Concluding with

present position list in chronological order previous employment experience and honors include
present membership

on any Federal Government public advisory cOmnunee List in
chronological order the titles all authors and complete references to all publications

during the past three
years and to

representative earlier
publications pertinent to this

application If the list of publications in the last three
years exceeds two pages select the most

pertinent publications DO NOT EXCEED
TWO PAGES

Professional Experience

1995- Associate Professor UMDNJ New Jersey Medical School
1989-1995 Assistant Professor UMDNJ New Jersey Medical School
1987-1989 Instructor UMDNJ New Jersey Medical School

Awards

1995 Outstanding Dosimetry Manuscript Award by the Journal of Nuclear Medicine MurtyGoddu R.W Howell D.V Rao generalized approach to absorbed dose calculations for
dynamic tumor and organ masses NucI Med 36 1923-1927 1995

Research Projects Ongoing or Compieted During the Last Years

July 1991-June 1997 USPHS Grant No R29 CA54891
Principal Investigator Roger Howell Ph.D
Agency National Cancer Institute

The long-term objective of this project was to investigate the biological effects of incorporated alpha
particle emitters as they relate to radon exposure Experiments were carried out in vivo in the mouse testesand in vitro in cell culture models Radionuclides emitting alpha particles with energies ranging from 3.2 to8.8 MeV were examined and various subcellular distributions of the radionuc ides were studied While
energy plays an.important role in the response the subcellular distribution did not

1998 NE Hazardous Substance Research Center Subcontract No 991653
Principal Investigator Roger Howell Ph.D
Agency U.S Department of Energy
The long-term objective of this project was to provide educational assistance to residents of the city ofBloomfield NJ on risk associated with exposure to thorium and uranium industrial waste products In

addition methods of remediation and remediation assessment were also àovered Finally the remediatjon
process used by Westinghouse was also examined in detail

pcial Professional ServiŁe

Society of Nuclear Medicine Medical Internal Radiation Dose Committee MIRD July 1992 presentInternational Commission on Radiation Units and Measurements ICRU Report Committee on
Conceptual Basis for Dose Specification in Nuclear Medicine 1998 present

Program Committee Second International Symposium on Biophysical Aspects of Auger Processes July 5-
1991 Univ of Massachusetts Amherst MA
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Nuclear Medicine

Am Assoc Physicists in Medicine Task Group on Auger Electron Dosimetry June 1989 June 1994
Program Committee 1991-1994 1998 Annual Meeting of the Society of Nuclear Medicine
Program Committee 1993-1995 Annual Meeting of the American Association of Physicists in Medicine

Publications 65 articles edited book book reports

Selected Bibliography

R.W Howell D.V Rao and K.S.R Sastry Macroscopic dosimetry for radioimmunotherapy Non-uniform
activity distributions in solid tumors Med Phys 1666-74 1989
D.V Rao V.R Narra R.W Howell V.K Lanka K.S.R Sastry Induction of spermhead abnormalities byincorporated radionuclides Dependence on subcellular distribution type of radiation dose rate and
presence of radioprotectors Radiat Res 12589-97 1991
R.W Howell D.V Rao D.Y Hou V.R Narra K.S.R Sastry The question of relative biologicaleffectiveness and

quality- factor for Auger emitters incorporated into proliferating mammalian cells RadiatRes 128282-292 1991
R.W Howell V.R Narra and D.V Rao Absorbed dose calculations for rapidly growing tumors NuclMed 33277-28 1992
V.R Narra R.W Howell Harapanhalli Sastry and Rao Radiotoxicity of some 1-1231-125 and 1-131 labeled compounds in mouse testis Implications for radiopharmaceutical design NuclMed 332196-2201 1992
R.W Howell Radiation spectra for Auger-electron emitting radionuclides Report No of AAPMNuclear Medicine Task Group No Med Phys 19 1371-1383 1992R.W Howell Narra Sastry and Rao On the equivalent dose for Auger electronemitters Radiat Res 13471-78 1993
R.W Howell M.T Azure V.R Narra and D.V Rao Relative biological effectiveness of alpha-particleemitters at low doses Radiat Res 137352-360 1994

Goddu Howell and Rao Cellular dosimetry Absorbed fractions for monoenergeticelectron 0.1 keV MeV and alpha particle 10 MeV sources and S-values for radionuclidesdistributed uniformly in different cell compartments Nucl Med 35303-3 16 199410 Goddu Rao and Howell Multicellular dosimetry for micrometastases Dependende ofself-dose versus cross-dose to cell nuclei on type and energy of radiation and subcellular distribution ofradionuclides NucI Med 3552 1-530 1994
11 Azure Archer Sastry Rao and Howell Biologic effect of 212Pb

localized in the nucleus of mammalian cells Role of recoil energy in the radiotoxicity of internal alphaemitters Radiat Res 140 276-283 1994
12 Howell Kassjs Adeistein Rao Wright Hamm Turner and

Sastry Radiotoxicity of I95mPt labeled trans-platinum II in mammalian cells Radiat Res 140 55-621994
13 Howell Goddu and Rao Application of the linear-quadratic model to

radioimmunotherapy Further support for the advantage of longer-lived radionuclides Nuci Med 351861-1869 1994
14 Goddu Howell and Rao generalized approach to absorbed dose calculations for

dynamic tumor and organ masses Nuci Med 36 1923-1927 1995
15 Goddu Howell and Rao generalized approach to absorbed dose calculations for

dynamic tumor and organ masses Nuci Med 36 1923-1927 1995
16 Harapanhalli Yaghmai Giulianj Howell and Rao Antioxidant effects of vitamin

in mice following X-irradiation Research Communications in Molecular Pathology and Pharmacology94 271-287 1996
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radionuclides distributed in human organs Acta Oncologica 35 909-916 199618 Goddu Narra Harapanhallj Howell and Rao Radioprotection by DMSOagainst the biological effects of incorporated radionuclides in vivo Acta Oncologica 35 901-907 199619 Howell and Rao Auger electron emitters Equivalent dose chemical protection against their
biological effects and use in cancer treatment In Radiation Research 1895-1995 Hagen HarderJung and Streffer Eds pp 82-85 Universitatsdruckerej Stürtz AG WUrzburg 199620 Narra Howell Goddu and Rao Effects of 1.5-Tesla magnetic field on
spermatogenesis and embryogenesis in mice Investigative Radiology 31 586-590 199621 Harapanhalli McLaughlin R.W Howell Rao Adelstejn and Kassis JI1-IodoHoechst 33342 Synthesis DNA binding and biodistribution studies Med Chem 39 4804-48091996

22 R.W Howell Goddu and Rao Design and performance characteristics of an experimental Cs-137 irradiator to simulate internal radionuclide dose rate patterns Nuci Med 38 727-731 199723 Howell Goddu Narra Fisher Schenter and Rao Radiotoxicity ofgadolinium- 148 and radium-223 in mouse testes Relative biological effectiveness of alpha particle emittersin vivo Radiat Res 147 342-348 .1997
24 Goddu Howell Bouchet Bolch and Rao MIRD Cellular values Sefabsorbed dose per unit cumulated

activity for selected radionuclides and monoenergetic electron and alphaparticle emitters incorporated into djfferent cell compartments Society of Nuclear Medicine Reston VA1997

25 Adelstein Howell Humm Makrigiorgos and Wessels On the
conceptualbasis for dose quantities in nuclear medicine ICRU News 14-10 199826 Howell Goddu Bishayee and Rao Radioprotection against lethal damage caused bychronic irradiation with radionucl ides in vitro Radiat Res 150 39 1-399 199827 Goddu Howell Giulianj and Rao Biological dosimetry of bone marrow for

incorporated Nuci Med 39 547-55 1998
28 Howell Goddu and Rao Proliferation and the advantage of longer-lived radionuclides

in radioimmunotherapy Med Phys 25 37-42 1998
29 Bolch Bouchet Robertson Wessels Siegel Howell ErdiAydogan Costes and Watson MIRD Pamphlet No 17 The dosimetry of nonuniform

activitydistributions radionuclide values at the voxel level NucI Med 40 11S-36S 199930 Howell Wessels and Loevinger The MIRD Perspective 1999 NucI Med 40 3S-lOS1999
31 Bishayee Rao and Howell RAPID COMMUNICATION Evidence for pronouncedbystander effects caused by nonuniform distributions of radioactivity using novel three-dimensional tissueculture model Radiat Res 152 88-97 1999
32 Bouchet Bolch Howell and Rao values for radionucl ides localized within theskeleton Nucl Med In press
33 Bouchet Bolch Goddu RW Howell and Rao Considerations in the selection of

radiopharmaceuticals for
palliation of bone pain from metastatic osseous lesions Nucl Med In press34 Goddu Bishayee L. Bouchet Bolch Rao and Howell Marrow

toxicity of
versus 32P-orthophosphate Implications for therapy of bone pain and bone metastases Nuci Med In

press

35 Bolch Bouchet Robertson Wessels Siegel Howell Erdi
Aydogan Costes and Watson MIRD Pamphlet No 17 The dosimetry of nonuniform

activitydistributions radionucljde values at the voxel level Nuci Med 401 11S-36S 1999
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Director Last first middle

Provide the following information for the key personnel in he order listed on Form Page
Photocopy this

page or follow this format for each person

Helene Hill Ph.D
Professor of Radiology

EDUCATION/TRAINING Begin with baccalaureate or other initial professional education such as
nursing

and include postdoctoral train inT
DEGREE YEAR

INSTITUTION AND LOCATION
applicable CONFERRED FIELD OF STUDYSmith College Northampton MA BA 1950 Pre-Med/FrenchBrandeis University Waltham MA PhD 1964 BiologyHarvard Medical School Boston MA Post-doc 1964-66 Protein Synthesis

University of Colorado Medical Center Denver CO Post-doc 1966-67 Medical GeneticsRESEARCH AND PROFESSIONAL EXPERIENCE Concluding with present position list in chronological order previous employment experience and honors Include present membership

on any Federal Government
public advisory cornnuttee List in

chronologicaJ order the titles all authors and complete references to all publications dunng the past three yeaxs and to

representative earlier publications
pertinent to this application If the list of publications in the last three

years exceeth two pages select the most pertinent publications DO NOT EXCEED
TWO PAGES

MAJOR UNIVERSITy APPOINTMENTS
1967-72 Assistant Professor of Biophysics and Genetics University of Colorado School of Medicine Denver CO1973-76 Associate Professor of Radiology Section of Cancer Biology Washington University School of Medicine StLouis MO
1976-81 Associate Professor of Biochemistry Marshall University School of Medicine Huntington WV1981 Professor of Biochemistry Marshall University School of Medicine Huntington WV1981- Professor of Radiology UMDNJ-New Jersey Medical School Newark NJ1981- Professor of Microbiology and Molecular Genetics UMDNJ-New Jersey Medical School1991- Professor of Biochemistry and Molecular Biology UMDNJ-New Jersey Medical School

HONORS AND AWARDS
First recipient Life Achievement Award The Baldwin School Bryn Mawr PA 1991
Listed in American Men and Women in Science Whos Who in the East Whos Who of American women WhosWho

Directory of Professionals and Resources in Cancer Whos Who in Science and EngineeringSmith College Medal February 1997
Gallo Award for Outstanding Research presented at the 1998 Annual Retreat on Cancer Research in New JerseyPrinceton NJ May 1998

RESEARCH PROJECTS ONGOING OR COMPLETED DURING THE LAST YEARSUSPHS-NCI Photoprotection and Photosensitization of DNA by Melanin 1992-1996 The goal of these studies was todefine the role of melanin in the carcinogenesis of melanoma and in the photoprotection of the skinFoundation of the UMDNJ Autocrine rescue of tumors from death by radiation 1996-1998 The goal of this project was to.ietermine the biological properties of an extracellular factor that rescued melanoma cells from death by both
ionizing

radiation and chemotherapy
Deans

Bridging Fund 1997-1999 The aim was to further characterize the rescue factor in order to isolate the proteinWith George Hill M.D Elsa Pardee Foundation Studies of new multi-therapy resistance factor 1993-1999 Thisgrant provided additional support for the isolation and characterization of the rescue factor from melanomaFellowships sponsored
NJ Commission for Cancer Research Fellow Colleen Silva M.D Chief of Surgical Oncology Jersey City MedicalCenter Jersey City NJ Clinical relevance of

multi-therapy resistance factor 1994-1996
Society for Surgical Oncology Summer Fellowship for Medical Students awarded to Mauricio Zapiach NJMS 97 Role ofmelanoma

multi-therapy resistance factor in apoptosis inhibition summer 1996NJ Commission for Cancer Research Summer Fellowship for Medical Students awarded to Joseph Grossman NJMS 98Role of melanoma
multi-therapy resistance factor in apoptosis summer 1997Cancer Education Institutional Grant Summer Fellowship for Undergraduate Students awarded to Cynthia Quainoo SmithCollege 99 Summer 1996 1997 Fellowships for Medical Students awarded to Gayatri Rao NJMS 02 and DavidMuccino NJMS 02 summer 1998 Stephen Cohen NJMS 02 summer 1998

PUBLICATIONS from total of 64 publications chapters or reviews and 155 abstractsHZ HILL and RB Setlow Post-replication repair in murine melanomas EMT6 and normal mouse lung fibroblast lineCancer Research 401867-72 1980
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and EMT6 mouse mammary carcinoma cells Photochemistry and Photobiology 35681-84 1982HZ HILL and GJ Hill Effect of scheduling of combinations of 5-33-dimethyl-1 -triazeno imidazole.4-carboxamjde and2-chloro- ethyl-3-4-methyIcyclohexyl1 -nitrosourea on the Harding-Passey and the Cloudrnan S9 mousemelanomas Cancer Research 42838-42 1982
GJ Hill and HZ HILL Cyclophosphamide activity against B16 melanoma in rapid in vitro test system Surg Oncol2473-78 1983
GJ Hill ET Krementz and HZ HILL DTIC and combination therapy for melanoma IV Late results after completeresponse to chemotherapy COG protocols 7130 7131 and 7131A Cancer 531299-1305 1084Raina HZ HILL GJ Hill and BF Rush Jr Scheduling of combination chemotherapy for murine melanoma with thesub-renal capsular assay Surg Oncol 2651-52 1984
HZ HILL and GJ Hill In vitro activation of cyclophosphamide for an in vitro assay system Surg Oncol 26225-29 1984BH Fadem and HZ HILL The gray opossum Monodelohis domestica marsupial model for xenogeneic neoplasmsCancer Letters 27233-38 1985
DV Rao KSR Sasuy GF Govelitz HE Grimmond and HZ HILL In vivo effects of iron-55 and iron-59 on mouse testes

Biophysical dosimetry of Auger-electrons Nuclear Medicine 261456-65 1985
DV Rao KSR Sastry GF Govelitz HE Grimmond and HZ HILL Radiobiologicaf effects of Auger electron emitters in vivoSpermatogenesis in mice as an experimental model Radiat Prot Dosimetry 13245-49 1985KA Zirvi GJ Hill and HZ HILL Comparative studies of chemotherapy of human tumor cells in vitro by 3HThd uptakeinhibition and soft agarclonogenic assay Surg Oncol 31123-26 1986MA Lea Luke Velezquez Carpenter CF Martinson HZ HILL and GJ Hill Effects of sodium cyanate in micebearing B16 melanoma Cancer Chemother and Pharmacol 17231-35 1986
KS Dasmahapatra HZ HILL Dasmahapatra and Suarz Evaluation of adenosine deaminase

activity in patients withhead and neck cancer Surg Research 40368-73 1986
DV Rao KSR Sastry GF Govelitz HE Grimmorid and HZ HILL In vivo effects of iron-55 and iron-59 on mouse testes

Efficacy of Auger electrons vs beta rays Radiat Prot Dosimetry 1986
GJ Hill KA Zirvi HZ HILL and Raina Chemosensitivity testing with

antineoplastic agents Med Soc NJ 84437-411987
HZ HILL Ohanian GJ Hill and Winne The use of the 9OSr applicator for intraoperatjve radiation therapy in mousetumor model Surg Oncol 34264-67 1987
HZ HILL CA Huselton Pilas and GJ Hill The ability of melanins to protect against the radiolysis of thymine andthymidine Pigment Cell Research 181-86 1987
HZ HILL and GJ Hill Eumelanin causes strand breaks and kills cells Pigment Cell Research 1163-70 1987BH Fadem HZ HILL CA Huselton and GJ Hill Transplantation growth and regression of mouse melanoma xenografts inneonatal marsupials Cancer Investigation 6403-8-1988
HZ HILL JG Peak and MJ Peak Induction of DNA-protein crosslinks in melanotic Cloudman S91 mouse melanoma cellsand EMT6 mouse mammary carcinoma cells by monochromatic 254 and 405 nm light Pigment Cell Research 2427-30 1989
CA Huselton and HZ HILL Melanin photosensitizes UVC DNA damage in pigmented cells Environmental and Molecular

Mutagenesis 1637-43 1990
HZ HILL and GJ Hill Irradiation of cells attached or suspended by rubber-policeman or by trypsin influences the extent of

ionizing radiation-induced DNA strand breaks Radiation Research 125343-345 1991GP Studzinski KB Reddy HZ HILL and AK Bhandal Potentiation of ara-C cytotoxicity to HL 60 cells by 25OH2 vitamin
D3 correlates with reduced rate of maturation of DNA relication intermediates Cancer Research 51 3451-3455 1991HZ HILL KN Cathcart Bargellini Trizna GJ Hill KU Schallreuter and JM Wood Does melanin affect the low LETradiation response of Cloudman S91 mouse melanoma cell lines Pigment Cell Research 80-86 1991HZ HILL Trizna Ali and GJ Hill radiation resistance factor in cultured Cloudman mouse melanoma cells RadiationResearch 129 43-47 1992

Hubbard-Smith HZ HILL and GJ Hill Melanin both causes and prevents oxidative base damage in DNA Quantitation by
anti-thymine glycol antibody Radiation Research 130 160-165 1992

UK Schlehaider GJ Hill and HZ HILL Influence of an autocrine diffusible resistance factor on cell survival after exposureto therapeutic agents Melanoma Research 357-362 1993
Schlehaider HZ HILL Pashapour and GJ Hill Influence of an autocrine multi-therapy resistance factor on radiation

responses of melanoma cells Melanoma Research 421-27 1994
KU Schallreuter KR Lemke HZ HILL and JM Wood Thioredoxin reductase induction coincides with melanin biosynthesisin brown and black guinea pigs and in murine melanoma cells Invest Dermatol 103 820-824 1994KA Cieszka HZ HILL GJ Hill and PM Plonka Growth and pigmentation in

genetically related Cloudman S91 melanoma
cell lines treated with 3-isobutyl-1 -methyl-xanthine and 13-melanocyte stimulating hormone Experimental Dermatology4192-1981995

HZ HILL GJ Hill Cieszka Azure Chowdhary and RM Sayre multi-therapy resistance factor from melanoma
reveals that killing by near UV is different from genotoxic agents Photochemistry and Photobiology 61 479-483 1995
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Pnncipal Investigator/Program Director Last first middle HO WELL ROGERRM Goodman and HZ HILL Interference by cellular melanin with assay of DNA-protein crosslinks by the potassiudodecyl sulfate precipitation method Pigment Cell Research 968-71 1996
GJ Hill BF Rush Jr HZ HILL LF Pliner Raina Cook Klein Gerne and Slimowitz Breast cancer in the inner

city Intensive efforts may be succeeding Medicine 27135-151 1996
HZ HILL The photobiology of melanin Introduction Photochemistry and Photobiology 65 471 1997

Li and HZ HILL Induced melanin reduces mutations and cell
killing in mouse melanoma Photochemistry andPhotobiology 65480-485 1997 Symposium-in-Print HZH ILL editor

HZ HILL GJ Hill Cieszka PM Plonka fl Mitchell MF Meyenhofer Xin and RE Boissy Comparative actionspectrum for ultraviolet light killing or mouse melanocytes from different
genetic coat color backgroundsPhotochemistry and Photobiology 65 983-989 1997

Cieszka HZ HILL Xin Azure GJ Hill MF Meyenhofer RE Boissy and DL Mitchell Survival of Cloudman mousemelanoma cells after irradiation by solar wavelengths of light Pigment Cell Research 10 93-200 1997HZ HILL Li Xin and DL Mitchell Melanin two edged sword Pigment Cell Research 10 158-161 1997Zhou Li HZ Hill Gi Hill Kueppers WG McKenna Ri Muschel Wolansky and HC Silva
Therapeutic resistance characterization and inactivation by specific antiserum of putative protein family
produced by tumour cells Melanoma Research 40-50 1999
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Provide the following information for the key personnel in the order listed on Form Page
Photocopy this page or follow this format for each

person

NAME
POSITION TITLE

Dandamudj Rao Ph.D Emeritus Professor of Radiology

EDUCATION/TRAINING Begin with baccalaureate or other iitil education such as nursing and include postdoctoral trainint
..

DEGREE YEAR
INSTITUTION AND LOCATION

applicable CONFERRED FIELD OF STUDY
University of Massachusetts Amherst MA Ph.D 1972 Physics
University of Massachusetts Amherst MA M.S 1970 Physics
Andhra University Waltair India M.S 1966 NucI Phys
Andhra University Waltair India B.S 1964 Physics
RESEARCH AND PROFESSIONAL EXPERJENCE Concluding with present position list in chronological order previous employment expenence and honors Include

present membershipon
any Federal Government

public advisory committee Last in
chronological order the titles all authors and complete references to all publications during the past three

years and torepresentative earlier publications pertinent to this application If the list of publications in the last three
years exceeds two pages select the most pertinent publications DO NOT EXCEEDTWO PAGES

Professional Experience

Emeritus Professor of Radiology UMDNJ New Jersey Medical School NJ
Professor of Radiology UMDNJ New Jersey Medical School NJ
Director of Radiation Research Dept Radiology UMDNJ Newark NJ
Associate Professor of Radiology UMDNJ Newark NJ
Assistant Professor of Radiology UMDNJ Newark NJ
Director of Health Physics UMDNJ Newark NJ
Instructor of Radiology Albert Einstein College of Medicine Bronx NY

Special Professional Service

Program Chairman 2nd International Symposium on Biophysical

Aspects of Auger Processes UMass Amherst July 5-6

NIH Special Reviewer

Chairman American Association of Physicists in Medicine AAPM
Task Group Dosimetry of Auger Emitters

Delegate Nuclear Medicine Delegation to Peoples Republic of China
American College of Medical Physics Task Group on Nuclear Medicine
Calibration and survey standards

IAEA Nuclear Medicine Consultant to Kenya
Member Continuing Education Committee AAPM
Program Director AAPM Summer School on Physics of Nuclear Medicine
Member Nuclear Medicine Committee AAPM
International Atomic Energy Agency IAEA NucI Med Consultant to Ghana

Grants Honors

USPHS Grant No CA 32877 1982-93 Effects of low energy electrons from Auger processes
NJ Cancer Comm Grant No 689-042 1989-9 Effects of alpha emitters in spermatogonial cells
Swedish Medical Society Medal for research on effects of Auger electrons 1989
1995 Outstanding Manuscript Award by the Journal of Nuclear Medicine Murty Goddu R.W Howell

D.V Rao Nuci Med 36 1923-1927 1995

_______________ Four Authored and edited

___________ 85 articles patent
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Bibliography of Selected Relevant Publications

D.V Rao G.F Govelitz and K.S.R Sastry Radiotoxicity of TI-201 in mouse testes Inadequacy of
conventional dosimetry Journal of Nuclear Med icine 24 145 1983
D.V Rao H.E Grimmond and K.S.R Sastry Biological dosimetry of Indium-Radiopharmaceuticals in
mouse testis Invited Paper Forum on Microdosimerry of radiopharinaceuticals Medical Research
Council London 1985 International Journal of Radiation Biology 50 561 1986DV Rao K.S.R Sastry H.E Grimmond R.W Howell G.F Govelitz V.K Lanka andV.B Mylavarapu Cytotoxicity of some indium radiopharmaceuticals in mouse testes Journal of Nuclear
Medicine 29 375 1988
DV Rao V.R Narra R.W Howell G.F Govelitz and K.S.R Sastry In vivo Radiotoxicity of DNA-
incorporated 1-125 compared with that of densely ionising Alpha-particles The Lancet II No 8664 6501989

D.V Rao V.R Narra R.W Howell and K.S.R Sastry Biological consequence of nuclear versus
cytoplasmic decays of 1-125 Cysteamine as radioprotector against Auger cascades in vivo Radiation
Research 124 188 1990
D.V Rao V.R Narra R.W Howell V.K Lanka and K.S.R Sastry Induction of spermhead
abnormalities by incorporated radionuclides Dependence subcellular distribution type of radiationdose rate and presence of radioprotectors Radiation Research 125 89 1991V.R Narra R.W Howell Harapanhaffi Sastry and Rao Radiotoxicity of some I-
123 1-125 and 1-131 labeled compounds in mouse testis Implications for radiopharmaceutical designNuci Med 332196-2201 1992

Narra R.W Howell Sastry and Rao Vitamin as radioprotector against 131J invivo Nuci Med 34 637-640 1993
Rao and R.W Howell Time dose fractionation in radioimmunotherapy Implications to selection of

radionucljdes Nuci Med 341801-18 10 1993
10 Narra Harapanhalli Howell Sastry and Rao Vitamins as

radioprotectors in vivo Protection by Vitamin against internal radionuclides in mouse testis
Implications to the mechanism of the Auger effect Radiat Res 137394-399 1994

11 Goddu Howell and Rao Cellular dosimetry Absorbed fractions for monoenergeticelectron keV MeV and alpha particle 10 MeV sources and S-values for radionuclidesdistributed uniformly in different cell compartments Nuci Med 35303-3 16 199412 Goddu Rao and Howell Multicellular dosimetry for micrometastases Dependence of
self-dose versus cross-dose to cell nuclei on type and energy of radiation and subcellular distribution of
radjonuclides Nuci Med 35521-530 1994

13 Harapanhalli Narra Yaghmai Azure Goddu Howell and Rao
Vitamins as radioprotectors in vivo Protection by vitamin and soybean oil against radiation damagecaused by internal radionuclides Radiat Res 139 115-122 1994

14 Humm Howell and Rao Dosimetry of Auger electron emitting radionuclides ReportNo of the AAPM Nuclear Medicine Task Group No Med Phys 21 1901-1915 199415 Howell Goddu and Rao Application of the linear-quadratic model to

radioimmunotherapy Further
support for the advantage of longer-lived radionuclides NucI Med 351861-1869 1994

16 Rao Shepstone Wilkins and Howell Testicular kinetics and dosimetry of 11-201
in humans Nucl Med 36 607-609 1995

17 Goddu Howell and Rao generalized approach to absorbed dose calculations for

dynamic tumor and organ masses Nuci Med 36 1923-1927 1995
18 Narra Harapanhalli Goddu Howell and Rao Radioprotection against

biological effects of internal radionuclides in vivo by S-2-aminoethylisothiouronjum bromide
hydrobromide AET NucI Med 36 259-266 1995
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19 Narra Howell Goddu and DV Rao Effects of 1.5-Tesla magnetic field on

spermatogenesis and embryogenesis in mice Investigative Radiology 31 586-590 1996
20 Howell Goddu and Rao Design and performance characteristics of an experimental

Cs-137 irradiator to simulate internal radionuclide dose rate patterns Nucl Med 38 727-731 1997
21 Howell Goddu Narra Fisher Schenter and Rao Radiotoxicjtv of

gadolinium-148 and radium-223 in mouse testes Relative biological effectiveness of alpha particle
emitters in vivo Radiat Res 147 342-348 1997

22 Howell Goddu and Rao Proliferation and the advantage of longer-lived radionuclides
in radioimmunotherapy Med Phys 25 37-42 1998

23 Goddu Howell Giuliani and Rao Biological dosimetry of bone marrow for

incorporated 90Y .1 NucI Med 39 547-55 1998
24 Bishayee Rao and Howell RAPID COMMUNICATION Evidence for pronounced

bystander effects caused by nonuniform distributions of radioactivity using novel three-dimensional tissue

culture model Radiat Res 152 88-97 1999
25 Bouchet Boich Howell and Rao values for radionuclides localized within the

skeleton Nuci Med In press

26 Bouchet Bolch Goddu Howell and Rao Considerations in the selection of

radiopharmaceuticals for palliation of bone pain from metastatic osseous lesions Nuci Med In press
27 Goddu Bishayee Bouchet Botch Rao and Howell Marrow

toxicity of

versus 32P-orthophosphate Implications for therapy of bone pain and bone metastases Nuci Med In

press
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BIOGRAPHICAL SKETCH
Provide the following information for the key personnel in the order listed on Form Page

Photocopy this page or follow this format for each
person

NAME POSITION TITLE

Anupam Bishayee Ph.D Research Teaching Specialist

EDUCATION/TRAINING Begin with baccalaureate or other snztial prJessional education such as nursing and include postdoctoral training

DEGREE YEAR
INSTITUTION AND LOCATION applicable CONFERRED FIELD OF STUDY

Jadavpur University Calcutta India B.Pharm 1989 Pharm Tech
Jadavpur University Calcutta India M.Pharm 1991 Biochem Pharmacol
Jadavpur University Calcutta India Ph.D 1996 Tumor Biol
RESEARCH AND PROFESSIONAL EXPERIENCE Concludsng with present position list in chronologicaJ order previous employment experience and honors Include present membershipon any Federal Government public advisory committee List in chronological order the titles all authors and complete references to all publications during the pass three years and torepresentative earlier

publscauons pertinent to this applicauon If the list of publications in the last three
years exceeds two pages select the most pertinent publications DO NOT EXCEEDTWO PAGES

Ph.D Thesis Biological and biochemical role vanadium in the chemoprevention of neoplastic
transformation against chemically-induced hepatocarcinogenesis in rats

Professional Experience

Feb 1997-present Research Teaching Specialist UMDNJ New Jersey Medical School

Awards

1991 Award of Senior Research Fellowship from CSIR India

1994 Young Scientist Award from National Science Council Canada
1995 Award of Research Associateship from CSIR India

1995 Younger Scientist Award from Indian Chemical Society
1999 Young Investigator Award from Indo-American Society of Nuclear Medicine Los Angles

Bibliography

Chapters or articles in books

Chatterjee and Bishayee Vanadium new tool for cancer prevention In Vanadium in the

Environment Part Health Effects edited by Nriagu J.O. John Wiley and Sons Inc New York pp
347-3901998

Bishayee and Chatterjee Antitumour potential of vanadium against chemically induced

hepatocarcinogenesis reflection in hepatic drug detoxification In Proceedings of the XVIth
International Cancer Congress edited by Rao R.S Deo M.G and Sanghvi L.D Monduzzi Editore

S.p.A Bologna pp 307 1-3076 1994

Articles

Goddu S.M Bishayee Bouchet L.G Bloch W.E Rao D.V Howell R.W Marow toxicity of

33P- versus 32P-orthophosphate implications for therapy of bone pain and bone metastases Journal of
Nuclear Medicine accepted 1999
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growth factor receptor Bioscience Reports in press 1999
Bishayee Roy Chatterjee Characterization of selective induction and alteration of xenobiotic
biotransforrning enzymes by vanadium during diethylnitrosamjnejnduced chemical rat liver
carcinogenesis Oncology Research 11 41-53 1999
Bishayee Rao D.V Howell R.W Evidence for pronounced bystander effects caused by nonuniformdistributions of radioactivity using novel three-dimensional tissue culture model Radiation Research15288-971999

Bishavee Beguinot Bishayee Phosphorylation of tyrosine 992 1068 and 1086 is required forconformational change of the human epidermal growth factor receptor c-tet-minal tail Molecular Biologyof the Cell /0 525-536 1999
Howell R.W Goddu S.M Bishayee Rao DV Radioprotection against lethal damage caused bychronic irradiation with radionuclides in vitro Radiation Research 150 39 1-399 1998
Bishayee Kulkarni S.P Roy Chatterjee Alterations in total iron zinc and calcium levelsand its influence on the hepatic activities of gamma-glutamyl transferase and glucose-6-phosphate in the
host bearing transplantable murine lymphoma Cancer Investigation 16 23 1-236 1998
Sarkar Basak Bishayee Basak and Chatterjee J3-Carotene inhibits rat liver
chromosomal aberrations and DNA chain break after single injection of diethylnitrosamine BritishJournal of Cancer 76 855-861 1997
Bishayee Karmakar Mandal Kundu S.N and Chatterjee Vanadium-mediated
chemoprotection against chemical rat hepatocarcinogenesis reflection in haemato1ogjca and

histologicalcharacteristics European Journal of Cancer Prevention 58-70 1997
10. Bishayee Banik Marimuthu and Chatterjee Vanadium-mediated suppression of

diethylnitrosamine-induced chrrmosomal aberrations in rat hepatocytes and its correlation with induction
of hepatic glutathione and 1itrrhinne .c-transferae International Jourial of Oncolo2v 10 13-4231997H

11 BanerjeeK.I isnayeØ Marimuthu Ealuation of cyanide exposure and rtseffet on thyroid
function of workers in cable industry Journal of Occupational and Environmental Medicine 39 258-
2601997

12 Mandal Bishayee and Chatterjee Trianthema portulacastrum affords antihepatotoxic activity
against carbon tetrachloride-induced chronic liver damage in mice reflection in subcelluar levels
Phvtotherapy Research 11 216-2211997
Bishayee Mandal and Chatterjee Prevctuon of alcohol carbon tetrachioride-induced signs of
early hepacotoxicity in mice by Trianrhema porrulacastram Phyromedicine 155-1611996
Bishayee and Chatterjee Inhibitory effect of vanadium on rat liver carcinogenesis initiateu

diethylnittosamine and promoted by phenobarbital British Journal of Cancer 71 12 14-1220 1995
15 Bishayee and Chatterjee Inhibition of altered liver cell foci and persistent nodule growth by

vanadium during dieth iIn n1i
ti-e.d hepatocarcinogenesis in rats Anticancer Research 15 455-

4621995
16 Sarkar Bishayee and Chatterjee Beta-carotene

prevents lipid peroxidation and red blood cell
membrane protein damage in experimental hepatocarcinogenesis Cancer Biochemistry Biophysics 15
111-125 1995

17 Bishayee and Chatterjee Time course effects of vanadium supplement on cytosolic reduced
glutathione level and glutathione S-transferase activity Biological Trace Element Research 48 275-285
1995

18 Bishayee Sarkar and Chatterjee Hepatoprotective activity of carrot Daucus carota

against carbon tetrachloride intoxication in mouse liver Journal of Ethnopharmacology47 69-74 19951
19 Bishayee and Chatterjee Mechanism of anti-stress activity of Mikania cordra root extract

albino mice International Journal of Phannacognosy 33 215-2211995
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activities following administration of human placental extract in rats European Review for Medical andPharmacological Sciences 17 19-t6 1995
Banerjee K.K Bishayee and Chatterjee Effects of human placental extract on brain monoamjnesand monoamine oxidase

activity in rats Tohoku Journal of Experimental Medicine 176 17-24 199522 Bishayee and Chatterjee Anticarcinogenic biological
response of Mikania cordata reflections

hepatic biotransformation systems Cancer Letters 81 93-2O 1994
23 Bishavee and Chatterjee Protective effects of Mikania cordata root extract against physical andchemical factors-induced gastric erosions in experimental animals Planta Medica 60 110-113 199424 Bishayee and Chatterjee Increased lipid peroxidation in tissues of catfish Clarias batracnu

following vanadium treatment in vivo and in vitro evaluation Journal of Inorganic Biochemjst-v 54277-2841994
25 Bishayee and Chatterjee Anti-stress potential of Mikania cord ata root extract in mice

International Journal of Pharmacognosy 32 126-134 1994
26 Banerjee K.K Bishayee Banik and Chatterjee Hepatotoxicity of human placental extract in

rats biochemical evaluation Nihon University Journal of Medicine 36 197-206 199427 Bishayee and Chatterjee Hypolipidaemic and anti-atherosclerotic effects of oral Jymnerna
sylvestre Br leaf extract in albino rats fed on high fat diet Phyrotherapy Research 118-120 199478 Bishayee and Chatterjee Dose-related enhancement of cytosolic glutathione S-transferase

activityand glutathione content in liver and extrahepatic tissues in mice with Mikania cordata root extract
probable involvement in chemical carcinogenesis Australian Journal of Medical Herbalism 9-131994

29 Banerjee K.K Bishayee and Chatterjee Elevated lipid peroxidation decreased glutathione levelsand changes in glutathione-related enzymes in rats treated with human placental extract Acta MedicaOkayama 47 223-227 1993
30 Bishayee and Chatterjee Selective enhancement of glutathione S-transferase

activity in liver and
extrahepatic tissues of rat following oral administration of vanadate Acta Physiologica et PharmacologicaBulgarica 19 83-89 1993i

31 Bishayee and Chatterjee Carrot aqueous extract protection against hepatic oxidative Stress and
lipid peroxidation induced by acute carbon tetrachloride intoxication in mice Fitorerapia 64 261-2651993

32 Mandal P.K Bishayee and Chatterjee Stimulation of tissue repair by Mikania cordata roct
extract in carbon tetrachloride-induced liver injury in mice Phytotherapy Research 103-105 1993
Mandal P.K Bishayee and Chatterjee Stimulation of hepatic protein synthesis in responsetoMikania cordata root extract in carbon tetracilloride-induced hepatotoxicity in mice Italian Journal ofBiochemistry 41 345-351 1992

34 Mandal P.K Bishayee Mukherjee JR and Chatterjee Mikania cordata root extract in the
inhibition of

lipid peroxidation and reduction of enzyme leakage in mice with car-n tetrachloride
induced liver damage Phytotherapy Research 227-229 1992

35 Mandal P.K Bishayee Mukherjee J.R and Chatterjee Effect of Mikania cordata root extrac
on lipid metabolism in carbon tetrachloride-induced fatty liver in mice Fitoterapia 63 160-162 199236 Banerjee K.K Bishayee and Chatterjee Anti-inflammatory effect of human placental extract
biochemical mechanistic approach Euroean Review for Medical and Pharmacological Sciences 14361-366 1992
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FACILITIES Specify the facilities to be used for the conduct of the proposed research Indicate performance sites and describe
capacities pertinent capabilities relative proxirsuiv and extent ci

aajlabilitv to the
project Under Other identify support services such as mactune shop electronics shop and specify the extent to which

they will be available to the
project Use COntinuatiOn

pages if nccessarv

Laboratory Three adjoining laboratories with four fume hoods four sinks freezer refrigerator and stainless
steel countertops 25x15 15xlO 15xlO

Clinical

Animal

Computer Two personal computers for word processing RWH DVR One high-speed HP minicomputerhoused in UMDNJ Academic Computing for computational purposes

Office Office adjacent to laboratories 12x12 RWH 12xlO HZH

Other Office of Radiation Safety Services UMDNJ has fully staffed radiation safety program that
will oversee the radiological safety aspects of this project

MAJOR EQULPMEr List the most important equipment items already available for this
project noting the location and

pertinent capabilities of each

Equipment in the Radiation Research Laboratory Canberra NaT and HpGe detectors with multichannel
analyzers Beckman Model LS3800 liquid scintillation counter Nuclear Associates Comp-U-Cal dose calibratorCoulter Model ZM cell counter NuAjre LabGard laminar flow hood for cell culture Queue CO incubatorBeckman refrigerated centrifuge Nikon Labophot II upright microscope with camera and video Olympus CKinverted microscope Olympus dissecting microscope Mettler H54 balance Kinematic GmbH tissue
homogenizer Virtis Unitrap II lyophilizer J.L Shepherd Model 28-8 low-dose-rate irradiator equipped with
variable mercury attenuator system Thomson-Nielson MOSFET dosimeter system Waters 501 HPLC PumpsWaters 660 Solvent Programmer Waters 440 Absorbance Detector Pharmacja Fraction Collector FRAC-l00
Spectra Physics Data Jet Integrator

Confocal microscope Zeiss Laser Scan Microscope LSM 410 invert equipped with ArKr laser 488/568/467nm is housed in an adjacent laboratory on our floor in the NJMS Department of Pediatrics This instrument is
available at cost of $2500 per annum
Fluorescent activated cell sorter Beckton-Djckinson FACStar dual laser and FACSCaIjbur cell sorters arehoused in an adjacent laboratory in the NJMS Department of Pediatrics This instruments are available at $30/h
High Dose Rate Cs-137 irradiator J.L Shepherd Mark Cs-137 gamma irradiator is located in Radiation
Safety Services of our building This instrument is available for unlimited use at cost of $250 per annum
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Research Plan

Introduction to Revised Application Not to exceed pages

This application represents major revision of our original submission of February 1999 entitled Effects
of Nonunforn Distributions of Radioactivity that was assigned Application number RO CA83838-O In theRadiation Study Section SUMMARY STATEMENT both reviewers of the

original application wereenthusiastic in that the work proposed was both innovative original and ultimately useful in clinical use of
radionuclides However they expressed some reservations regarding the selection of single biological
endpoint lack of details regarding the theoretical modeling and some aspects of the experimental model
Accordingly they asked number of thought-provoking questions and made number of excellent suggestions
to improve the research plan These concerns have been addressed and folded into the research plan of the
revised application Substantial revisions are denoted by vertical line along the right margin For ease of
review responses to each of the questions and suggestions are given below in the order that they appear The
location in the revised application where they have been addressed is provided in each case

Critique pg para last line of SUMMARY STATEMENT question has been raised regardingthe biological consequence of small amount of compound in the wrong subcellular area Actually there isno wrong subcellular area as long as the distribution of the radiochemical is measured so that it can be
folded into the dosimetry calculations The distribution of radiochemical between more than one subcellular
compartment is expected and is phenomenon that we have dealt with routinely in our work on dosimetryand biological response of mammalian cells to incorporated radionuclides 1-3 Methods to handle this arenow described more explicitly in Section D.4c by equations D.4 and D.5

Critique pg last sentence Fluorescent activated cell sorting techniques have been used to obtain
preliminary data that show functional gap junctional intercellular communication in our multicellular model
see Section C.2g In addition we have acquired extensive preliminary data on the use of lindane in ourmodel These data are provided in Sections C2.e and C2.f

Critique pg paras and pg para This reviewer has expressed concerns over the theoreticalmodel used in the analysis of the data These concerns appear to focus mainly on that fact that individual
energy depositions from these radiochemicals can vary by factors of four or five decades for the same mean
energy deposited in subcellular structures and that mcrodosimetric theories can predict sizable
synergistic effects even for the alpha/beta model being used in the proposed study Indeed energydepositions in critical

targets can vary by these magnitudes most notably in the case of Auger electron
emitters We have carried out extensive theoretical modeling in this regard for Auger electron emitters and
alpha emitters 4-8 In fact absorbed doses as high as i07 Gy may be found in the immediate

vicinitynm of the decay site of Auger electron emitters Although enlightening in terms of providing an
explanation for the high-LET type effects of Auger emitters when incorporated into DNA we have not
found this level of theoretical detail to be helpful in terms of dose response relationships for endpoints such
as survival Rather cellular dosimetry offers tractable approach that provides good dose response
relationships for in vitro cell culture experiments 10 Our positive experience with cellular

dosimetry in cell suspensions gives us confidence that it can be adapted to the case of multicellular
dosimetry Nearly all of our cell suspension studies have involved mixed radiation fields natural course in
the study of the radiotoxicity of incorporated radionuclides This has not been stumbling block with
respect to cellular dosimetry which gives us confidence that it can be tackled in the multicellular
environment While our cellular dosimetry approach utilizes the MIRD Schema it is not simply
conventional calculation of the mean absorbed dose to the cluster Our data in Fig clearly indicate that the
mean cluster dose would not suffice We recognize that the sparse details provided in the original
submission were insufficient to convey the cellular dosimetry approach Therefore we have added
considerable detail to the modeling described in Section D.4 it is

likely that our approach and any
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of the biological response to nonuniform distributions of radioactivity This will be done continuously asthe experimental data is collected We recognize that there are numerous approaches to solving thisproblem therefore the best overall approach is one that considers many possible solutions to the problemTo achieve this we will post our protocols raw data graphs and curve fits on an advertised web site at theNew Jersey Medical School see end of Section D.4d This will open the analysis to all scientists who areinterested so that scientific progress in this field can be accelerated We have already had
requests from

theoretical microdosimetrists to provide data for analysis and we have obliged when possible e.g Ref11
Critique pg para pg para The reviewer has indicated that the original proposal was toonarrow in scope with respect to the use of single biological endpoint survival and cell line V79 This
deserved criticism is well taken and consequently we have made considerable expansions in these regardsFirst we have added mutation assay HGPRT and comet assay to address the issue of biologicalendpoints Prof Helene Hill an experienced radiobiologist of note has been added as coinvestigator toaid in the design and implementation of these new assays She spearheaded the acquisition of our
preliminary mutation data presented in Section C.2i Second we have added series of rat liver cell lineswhich have been provided by our new consultant Prof James Trosko leading expert in the field of gapjunctional intercellular communication This series includes both gap junctional competent and incompetentcell lines which provide considerable depth to our-exploration of bystander effects in that they allow one toexamine radiation effects in the absence of any bystander effects The new cell lines are described in Section
D.2b and their experimental application is described in Sections D.3a D.3b D.3e.l and D.3e.2 The
addition of these new assays and cell lines have prompted our request for fifth year of funding which is
essential to complete the extensive array of studies proposed

Critique pg para lines 19-22 pg para lines 20-24 Concern has been expressed regarding the
capacity of the cells in the cluster to form normal cell-to-cell contacts e.g gap junctions We have carriedout new experiments in the cluster system that show functional gap junctions are indeed formed under our
experimental conditions These experiments utilize specialized fluorescent dyes and fluorescent activated
cell sorting techniques that have successfully been used by other investigators to establish the presence offunctional gap junctional intercellular communication These preliminary studies are described in Section
C.2g

Critique pg para lines 23-29 question has been raised about the presence of hypoxia in the
clusters in particular whether only some of the cells in the pellet were hypoxic which would confound
interpretation of the experimental results The reviewer has suggested carrying out monolayer experimentsto study this possibility Instead we have implemented simple and novel technique that involves
comparison of the dose response of intact clusters compared to clusters that have been disassembled
immediately prior to irradiation with external gamma rays Section 2c.i These preliminary studies suggestthat some hypoxia is present however the limited hypoxia is uniform throughout the cluster Therefore wedo not anticipate that this will impede our ability to interpret the data

Critique pg para lines 29-40 This question concerns the dose delivered to the cells during the
colony formation period and whether this has been accounted for in our analysis The answer to these
questions are both yes and we apologize for not describing them in more detail in the

original proposalOur revised proposal does much better job of describing exactly how this is folded into the calculations
Section D.4c The decays that occur in the cells during both the period of uptake of

radioactivity as well
as the colony forming period are accounted for in the determination of the cumulated activity in the labeled
cells However these decays only affect the absorbed dose to the labeled cells and do not impact bystander
effects to the unlabeled cells or the dose delivered to unlabeled cells from decays Only decays during the72 cluster period impact the bystander response This is

specifically accounted for in the calculation of
cumulated activity in the labeled cells as per Eqs D.6 and D.7 These are used in turn to calculate self- and
cross-doses in Eqs D.4 and D.5
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Critique pg para last lines The V79 cell diameters were correctly listed as 10 imi
erroneously as j.tm As described in Section D.3g we plan to experimentally measure these diameters and
the packing density in Situ using confocal microscopy techniques These measurements will be performedfor each cell line and folded into the theoretical modeling

Critique pg para lines 11-14 The reviewer offered an excellent suggestion of separating thelabeled and unlabeled cells to separatv determine their biological response We have acquired preliminarydata to demonstrate that we can now separate the labeled and unlabeled cells in the cluster using fluorescent
activated cell sorting techniques This approach along with our preliminary data is given in Section C.2jAccordingly experiments are now proposed that determine the biological response of each subpopulation
separately as well as obtaining survival data on the total combined population These are folded into theResearch Design and Methods under Section D.3d and D.3f

10 Critique pg para lines 14-23 These concerns regarding formation of gap junctions and
interpretation of the lindane results are discussed above in Items and

11 Critique pg para last lines The reviewer has stated that it is unclear how the effects of DMSO
on bystander cells will be separated out from that on radiolabeled cells when DMSO is added to the cluster
Indeed changes in survival fraction or mutation frequency in cluster containing mixture of labeled and
unlabeled cells could be due to mitigation of radiation effects and/or bystander effects In the case of3HTdR if DMSO only mitigated radiation effects only the first component of the two-component
exponential curve would be affected and one would expect an upward shift of the entire second componentwith no change in the slope Eq In contrast mitigation of the bystander effects would change the
slope of the second component However to add an extra degree of certainty to our measurements we also
plan to use the same fluorescent activated cell sorting techniques indicate above in Item Specifically the
impact of DMSO on the byst- der response will be determined by separating the bystander cells and
assaying their response specifically These experiments detailed in Section D.3e.3 will initially be carried
out only for 3HTdR and WIdU because they have little or no cross irradiation which will interfere with the
interpretation of the data

As indicated at the beginning of this introduction the critiques of our original submission were highly insightfuland thought provoking The questions raised and suggestions made prompted us to embark on series of new
preliminary studies that have addressed their issues and shaped the Research Design and Methods employed in
our revised application in very positive way Furthermore the advances made in our preliminary studies have
buoyed our confidence in the model Accordingly we look forward to reading the

critiques of this revised
submission
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Specific Aims

It is well recognized that there are several variables that dictate the biological response of tissues that
contain radioactivity Among the many variables are the

radiosensitivity of the tissue distribution of
radioactivity at the macroscopic cellular and subcellular levels type number and relative biologica
effectiveness RBE of radiations emitted e.g alpha beta Auger electrons kinetics of uptake and clearance of
the radionucljde dose rate repair presence or absence of chemical radioprotectors or sensitizers and possible
bystander effects Considerable effort has been devoted to correlate biological outcome with repair presence of
radioprotectors and sensitizers LET and the kinetics of radiochemjcals as it relates to absorbed dose
Consequently these variables are fairly well understood However we have very limited understanding of the
correlation of biological effects with nonuniform dose distributions that result from nonuniform distribution of
radioactivity at the cellular and subcellular levels It is well known that nonuniform dose distributions can have

profound impact on biological response however no experimentally verified approach or model has emergedwith broad-based acceptance that can be used to predict the impact of nonuniform dose distributions
resultingfrom tissue-incorporated radioactivity As result for lack of clear and simple alternative it has become

standard practice to simply report the biological response and the mean absorbed dose to the organ or tissue as
recommended by the ICRP 12 and ICRU 13 Furthermore there is mounting evidence that bystander effects
may also play an important role in the biological response to nonuniform dose distributions 14-16 These are
problems of considerable importance to diagnostic 17 and therapeutic nuclear medicine 18 as well as to the
field of radiation protection 19 20 While microdosirnetry 11 19 21-24 and cellular dosimetry 25-28 have
been advocated as means to address this problem this has largely remained theoretical exercise without
adequate experimental verification that these approaches can consistently predict biological outcome The
exception to this has been in relatively simple geometries such as cell suspensions or monolayers where the
cross-dose from one cell to another is minimal 29 30 The reason for this is the complex array of
variables indicated above that come into play when the biological response of solid tissue regions is considered
In vivo models and traditional in vitro multicellular spheroids do not allow tight control over sufficient
number of variables to isolate and quantitatively assess the biological impact of nonuniform distributions of
radioactivity at the cellular level within solid tissues We hypothesize that the biological response of tissues
containing incorporated radionuclides can indeed be correlated with cellular absorbed dose and variables
relating to the bystander effect An in vitro multicellular cluster model which allows tight control over
variables has been specifically designed to test our hypothesis in methodical manner Our Specific Aims are
as follows

To experimentally quantify the impact of cellular distribution of radioactivity on cell survival and
mutation frequency in multicellular cluster This will be achieved by assembling multicellular clusters
with two populations of cells cells containing radioactivity and ii cells containing radioactivity In

given experiment each cluster will have the same percentage of radiolabeled cells yet different total
cluster activities After three day irradiation period the clusters will be dismantled and the cell survival
fraction and mutation frequency determined as function of cluster activity kBq/cluster This process
will be repeated for four different percentages of radiolabeled cells 10% 50% and 100% Four
radionuclides with different radiation properties will be considered as representative of the classes of
radionuclides encountered in medicine and the environment 210p0 emits 5.3 MeV alpha particles
ii 311 emits medium-energy beta particles iii 3H emits very low-energy beta-particles and iv -ii emits
numerous low-energy Auger electrons The radionuclides will be directed to the cytoplasm of the cells

using the radiochemicals 2tttPo-citrate 3H-methionine and 2531IIodorhodamine

To experimentally quantify the impact of subcellular distribution of the radioactivity on cell survival and
mutation frequency in multicellular clusters This will be achieved by repeating Specific Aim with
radiochemicals that

target the cell nucleus dipyrrolidinedithiocarbamato-210po 21Po-PDC tritiated

thymidine 3HTdR and 3tI-iododeoxyuridine C251t3 1IdU Subcellular distribution is known
determinant of the biological effects of 3H 31 and 123j 32 and may also play role in the case of 2Po
33 and 131j 34
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dose using theoretical model which represents the multicellular clusters assembled in Specific Aimsand Our established multicellular dosimetry model 26 35 will be adapted to calculate the radiation
self-dose and cross-dose to each labeled and unlabeled cell in the cluster This will carried out with
computational efficiency by creating dosimetry tools in the form of tabulations of cross-dose cellular
values to complement existing tables of self-dose cellular values 27 Tabulations will be carried out
for the radionuclides to be studied in this proposal and for other radionuclides of interest to nuclear
medicine 36
To investigate the effect of cell self-irradiation of labeled cells on the survival of unlabeled bystander cells
that receive comparatively little or no dose This will be achieved

initially by analyzing the data obtained
in Specific Aims and To study the possible mechanisms of observed bystander effects experiments in
Specific Aims and will be repeated in the presence of lindane inhibitor of gap junctional intercellular
communication GJIC 10% DMSO free radical scavenger Additional studies will be carried out with
GJIC competent and incompetent cells Finally experiments will be carried out where labeled cells and
unlabeled bystander cells will be separated by fluorescent activated cell sorting FACS and separately
assayed for survival

In
parallel with the studies in Specific Aims and DNA damage will be assessed using the comet

assay Analysis of these data will provide insight into the mechanism of genomic damage produced in
bystander cells and help to distinguish between effects due to direct DNA damage and those due

indirectly
to apoptosis

To develop the elements of theoretical model to correlate biological response in the experimental
multicellular clusters with cellular self-dose and cross-dose Specific Aim and any variables related to
bystander effects observed in Specific Aim

The proposed research will provide new data on the biological effects of nonuniform distributions of
radioactivity using novel approach to specifically control the nonuniformity at the cellular and subcellular
levels These data along with the dosimetry and the biological response models are likely to have major
impact on our understanding of radiation effects from incorporated radioactivity It is therefore anticipated that
these data may substantially enhance our capacity to predict biological response of tumor and normal tissue in
nuclear medicine and from environmental exposure to radioactivity

Background and Significance

Prediction of radiation risks in diagnostic nuclear medicine and therapeutic outcome in therapeutic
nuclear medicine largely relies on calculation of the absorbed dose Absorbed dose specification is complex due
to the wide variety of radiations emitted heterogeneity in activity distribution biokinetics etc Following the
administration of radiopharmaceutical the radioactivity is taken up by the various organs within the body and
the radioactivity is then eliminated through both biological clearance and physical decay general formalism
was developed by the Medical Internal Radiation Dose MIRD Committee of the Society of Nuclear Medicine
to calculate absorbed doses from tissue incorporated radioactivity 13 37 38 This dosimetry formalism was
adopted by the International Commission Radiation Units and Measurements ICRU 13 and is typically used
to calculate organ absorbed doses in clinical nuclear medicine Conventional organ absorbed dose estimates
assume that the radioactivity is distributed uniformly throughout the organ and the mean absorbed dose to the

organ is calculated 39 Risk estimates and prediction of biological response based on the mean absorbed dose
to the organ inherently assume that all cells within the organ receive

essentially the same absorbed dose
Organs are composed of variety of cells having very different radiosensjtjvjtjes 40 and sometimes
depending on the radiopharmaceutical very different degrees of incorporation of radioactivity 41-43
Accordingly the absorbed dose delivered to the various cell populations in the organ may differ markedly
Furthermore large differences in cellular uptake of radioactivity can occur even within given cell population
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particularly at very low absorbed doses where the activity concentration is low 44 45 Highly nonuniform
uptake of radioactivity is even observed when very large amounts of radioactivity are used such as in cancer
therapy where radiopharrnaceuticais are targeted to tumors 46-48

The extent to which nonuniform distributions of radioactivity impact the absorbed dose distribution and
ultimately the biological effect is strongly dependent on the number type and energy of the radiations emitted
by the radionuclide Many radionuclides used in nuclear medicine decay by electron capture and/or internal
conversion e.g 5tCr 67Ga Tc In 123j 20TI and consequently emit large number of low-energy Auger
electrons The majority of these electrons deposit their energy over subcellular dimensions which produces
highly localized energy density in the immediate vicinity of the decay site In these instances the subcellular
distribution of the radioactivity can have dramatic impact on the estimated absorbed dose to the cells in the
tissue 26 35 49-51 Similarly the short range of alpha particles in biological tissues 40-100 rim also leads
to nonuniform dose distributions when the radioactivity is not uniformly distributed in the tissue Ii 24 26 52
53 Energetic beta emitters are somewhat more forgiving because their mean range in tissue is at least several
hundred tim However distribution of these radionuclides invariably leads to nonuniform dose distributions as
well 46-48 54-57 Such nonuniforrnjtjes are also encountered in brachytherapy 58 and external beam
radiation therapy 59 albeit to much lesser degree However their impact on biological response is carefully
considered in these modalities

As indicated above prediction of radiation risks in diagnostic nuclear medicine and therapeutic outcome
in therapeutic nuclear medicine has largely relied on calculation of the mean absorbed dose to the organ or
tissue 39 Makrigiorgos et al 17 clearly showed that the dose enhancement observed for Auger emitters
when individual cells within an organ accumulated large amounts of activity could lead to significant errors in
risk estimates based on mean organ doses in diagnostic nuclear medicine Similarly the impact of nonuniform
activity distributions on prediction of biological response in therapeutic nuclear medicine has been topic of
considerable importance Most recently the discussion has largely centered around nonuniform distributions of
radioactivity in radioimmunotherapy and its impact on tumor and normal tissue response 26 27 35 46 47 56
60-62 The dependence of absorbed dose distribution on nonuniformities in activity distribution at the

macroscopic multicellular cellular and subcellular levels have been explored However with few exceptions
this has largely remained theoretical exercise This is largely due to the fact that one has total control over the
variables that control nonuniform distribution of radioactivity in theoretical model whereas investigators have
not managed to gain similar control in the laboratory The distribution of radioactivity in laboratory models
generally depends on the radiochemical details of the experimental model diffusion biokinetics and numerous
other variables that do not afford fine control over the degree of nonuniformity Consequently it has been
difficult to create reproducible nonuniform distributions of radioactivity in models with highly reproducible
biological endpoints Therefore it has been difficult to correlate absorbed dose and biological response frdm
nonuniform distributions of radioactivity

There is also mounting interest in the role of bystander effects in the biological response of
mammalian cells to ionizing radiation 14-16 It has long been believed that the principal genetic effects of

ionizing radiation in mammalian cells are the direct result of DNA damage in irradiated cells that has not been
repaired adequately Therefore when cells are exposed to nonuniform distributions of radioactivity only those
cells which receive hits from the emitted radiations would be damaged No effects would be observed in cells
that are not hit These cells are referred to as bystanders Studies from number of investigators suggest that
these so-called bystander cells do indeed suffer damage as consequence of being in the neighborhood of
irradiated cells Nagasawa and Little 63 showed that Chinese hamster ovary cells exposed to very low
fluences of alpha particles exhibited much higher incidence of sister chromatid exchanges than expected based
on the number of cells that were traversed by alpha particles They concluded that genetic damage indeed
occurred in cells that received no radiation exposure at all These findings have since been confirmed by others
64 65 Similarly Mothersill and Seymour 16 have demonstrated that bystander effects also influence the

survival of cells irradiated with gamma rays Recent efforts have been made to understand the mechanisms
which lead to damage in bystander cells Gap junctional intercellular communication GJIC has been

implicated as one of the mechanisms 14 16 Azzam et al 14 have suggested that other factors such as
reactive oxygen species extra-nuclear originating signal pathways and secreted diffusible factors may also be
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highly relevant to the biological effects of nonuniform distributions of radioactivity In fact the data suggest
that modeling the biological response of cells to nonuniform distributions of radioactivity solely on the basis ofabsorbed dose is not likely to adequately predict response even when the dose is calculated at the cellular level
Indeed our recently published rapid communication in Radiation Research supports this premise by
demonstrating pronounced bystander effects when 3H is nonuniformly distributed in multicellular cluster 66
This is of major importance to risk estimation in nuclear medicine diagnostic and radiation protection radon
etc as well as clinical outcome in therapeutic nuclear medicine

This project develops an experimental model wherein the variables affecting distribution of radioactivity
can be tightly controlled This will be accomplished by assembling multicellular clusters containing 4x 106 cells
wherein 1% 10% 50% or 100% of the cells are radiolabeled Additionally the subcellular distribution of the
radionuclide will be controlled through the use of different radiochemicals This tight control over the
nonuniform distribution of radioactivity will allow thorough investigation of the biological consequences of
nonuniform activity distributions at the cellular and subcellular levels for three different classes of radionuclides
of relevance to nuclear medicine and radiation protection alpha beta and Auger electron emitters In addition
the role of bystander effects in the biological response to nonuniform distributions of radioactivity will also be
delineated To enhance our capacity to predict the biological effects of incorporated radionuclides we will adaptour theoretical multicellular dosimetry model to calculate the absorbed dose to the cluster on cell-by-cell basisand use this and variables relating to the .bystander effect to predict the biological outcome for each cell
individually and the cluster as whole This combination of

tightly controlled experimental and theoretical
conditions provide novel approach to investigate the biological effects of nonuniform distribution of
radioactivity

Preliminary Studies

C. Radionuclides and Radiochemicals used in Preliminary Studies

Synthesis of 31IdU The radionuclide 131J has physical half-life of and emits beta particles
with mean energy 191 keV and mean range in water of several hundred pm The radiochemical
1311Iododeoxyuridine was prepared using procedures described in Narra et al 68 solution of chloramine
400 pg in 200 p1 of phosphate buffer 0.1 pH 6.95 2-de6xyuridine 400 pg in 400 p1 of buffer was stirred
at 105C in an oil bath One millicurie of Na311 New England Nuclear specific activity 770 Ci/mrnol was
added and the heating continued for 25 mm Upon cooling to 25C KS05 400 pg in 40 p1 buffer was added
the mixture passed through 0.4 pm filter and purified by HPLC The HPLC system consisted of an Ultremex
C18 column 150x4.6 mm pm Phenomenex Torrence CA equilibrated with 8% methanol in water at flow
rate of mI/mm Pure radiolabeled 3tIdU was eluted after 12 mm One to two additional passes through the
column afforded 98% radiochemical purity 55% radiochemical yield and specific activity 300 Ci/mmol This
radiochemical is incorporated into the DNA of dividing cells

lb Synthesis of 210Po-citrare The radionuclide 2rnp0 emits single 5.3 MeV alpha particle with mean
range in water of about 40 pm 69 The long physical half-life 138 of this radionuclide makes it undesirable
for nuclear medicine however its commercial

availability makes it good radionuclide for laboratory studies
on the effects of alpha particle emitters The radiochemical 21Po-citrate was prepared according to procedures
used in Howell et Stock 210PO in HC1 Isotope Products Burbank CA was mixed with sodium
citrate pH 7.0 in the ratio 19 This radiochemical sequesters principally in the cytoplasm

ic 3HTdR The radiochemical tritiated thymidine 3HTdR is incorporated into the DNA of dividing
cells The radionuclide 3H has physical half-life of 12.3 and emits beta

particles with mean energy 5.67 keV
and mean range in water of about pm 70 This was obtained from New England Nuclear

C.2 Experimental Multicellular Cluster Model for Nonuniform Distribution of Radioactivity

C.2a Cell Culture Chinese hamster V79 lung fibroblasts kindly provided by Al Kassis Harvard
Medical School were cultured in minimum essential medium supplemented with mM L-glutamine 10% fetal
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calf serum 50 U/mI penicillin and 50 j.tg/ml streptomycin MEMA The pH of the medium was adjusted to
7.0 with NaHCO3 Media and supplements were from Gibco Grand Island NY Cells were maintained in

Falcon 175 cm2 tissue culture flasks at 37C 5% CO 95% air 100% humidity and subcultured twice weeklyC.2b Preparation of V79 cells used to make Multicellular Clusters V79 cells growing as monolayers
in 175-cm Falcon flasks were washed with 10 ml of phosphate-buffered saline trypsinized and suspended at4x106 cells/mi in calcium-free MEM MEMB Aliquots of ml were placed in sterile l2x75-mm Falcon

polypropylene round-bottom culture tubes and placed on rocker-roller for 3-4 at 37C in an atmosphere of
95% air and 5% CO. After this conditioning period ml of MEMB containing various activity concentrations
of 13IdU 3HTdR or 21ttPo-citrate was added to the culture tubes containing ml of V79 cells The tubes were
then returned to the rocker-roller at 37C 95% air and 5% CO Following 30 mm for 210Po-citrate or 12

for 3tIdU and 3HTdR period of labeling with radioactivity the tubes were removed and centrifuged at 2000
rpm at 4C for 10 mm Aliquots of the supernatant were used to check the concentration of radioactivity added
The cells were washed three times with 10 ml of wash MEMA MEMA prepared with calf serum resuspended
in 400 p1 of MEMA Additional tubes were identically prepared containing cells not labeled with radioactivity

C.2c Assembly of Multicellular Clusters Containing Dfferenr Percentages of Radiolabeled Cells
Multicellular clusters with 0% 10% 50% or 100% labeled cells were assembled using the cells prepared in
C.2b as per the following procedures For 100% labeling 400 p1 of radiolabeled cell suspension 2.5xlO
cells/ml was transferred directly to sterile 400 .d polypropylene microcentrifuge tube The tubes were
centrifuged at 1000 rpm for mm at 4C to form cluster of 1.6 mm diameter For multicellular clusters

containing 10% radiolabeled cells 360 p1 of unlabeled cells were mixed with 40 p1 of radiolabeled cells
vortexed transferred to 400 p1 microcentrifuge tube and centrifuged For multicellular clusters containing 50%
radiolabeled cells 200 p1 of unlabeled cells were mixed with 200 p1 of radiolabeled cells vortexed transferred
to 400 p1 microcentrifuge tube and centrifuged The resulting clusters contained 4x106 cells

C.2d Cell Survival Fraction Multicellular Clusters Assembled with Radiolabeled Cells The capped
microcentrifuge tubes containing the clusters were placed in perforated microcentrifuge tube rack and moved
to refrigerator at 10.5C This temperature was selected because the cells can remain in this configuration at
this temperature for long periods of time up to 72 without decrease in plating efficiency 71 Therefore the
cells accumulate the preponderance of their radioactive decays while in the cluster configuration as opposed to
the radiolabeling and colony forming periods After 72 at 10.5C the supernatant was carefully removed and
the tube was vortexed to disperse the cell cluster The cells were resuspended in MEMA transferred to 17x 100-mm Falcon polypropylene tubes washed three times with 10 ml of wash MEMA resuspended in ml of wash
MEMA serially diluted seeded in triplicate into 60x15 mm Falcon tissue culture dishes and placed in an
incubator at 37C with 95% air and 5% CO. Aliquots were taken from each tube before serial dilution as above
tnd the mean radioactivity per cell was determined 72 The culture dishes were removed from the incubator

after week and the resulting colonies were washed times with normal saline washed times with methanol
and

finally stained with 0.05%
crystal violet The number of colonies were counted under fluorescent light

colony count of 25-250 was considered as valid data point for each dish The surviving fraction compared to

parallel controls was determined for each radioactivity concentration employed
The preliminary results in the multicellular cluster model are given in Fig for 21Po-citrate and 3IdU

In each case the surviving fraction of cells in the V79 multicellular cluster 4x104 cells are plotted as function
of the total activity in the cluster As shown in Fig 1A the alpha particles emitted by the radionuclide Po
impart lethal effects when eitherlOO% or 10% of the cells in the multicellular cluster are labeled However
10% labeling is less toxic than 100% labeling for the same activity in the cluster Least squares fits to the data

using single exponential response function yields mean lethal cluster activities of 0.81 nCi 0.030 kBq and
1.9 nCi 0.070 kBq for the 100% and 10% labeling cases respectively Since the mean absorbed dose to the
cluster is directly proportional to the cluster activity this confirms that mean absorbed dose to the cluster is not

good predictor of biological effect from nonuniform distributions of alpha particle emitters Clearly cellular

distribution of radioactivity e.g of cells labeled is an important variable Figure lB shows the survival of
cells when 10% of the cells are labeled with 3tIdU least squares fit of these data to single component
exponential function yields mean lethal cluster

activity of 100 nCi 0.37 kBq
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Studies for 3HTdR are shown in Fig for 10% 50% and 100% labeling of the cells The 100% labeling
data in Fig can be least squares fit to single exponential response where mean lethal cluster

activity of
2.44 kBq is obtained 66 In contrast the 50% and 10% labeling cases require fits to two-component
exponential function

1-a exp-A/A1 aexp-A/A2 C.l
These fits result S50% 0.33 exp-AJO.81 0.67 exp-A/1 1.8 and S10% 0.13 exp-A/0.39 0.87 exp
A119.8 where the cluster

activity is in kBq 66 These results are indeed curious because beta particles
emitted by 3H have spectrum of energies from 0-18.6 keV 73 with ranges in water from 0-7 pm The mean
energy is only 5.7 keV which has range of pm in water The electrons must travel minimum Of pm
range of 10 keV electron just to get from the perimeter of the nucleus of labeled cell to the perimeter of
nucleus of an unlabeled cell which presumably contains the primary radiosensitive targets Since the electrons
are emitted by decays occurring randomly throughout the nucleus nearly all of them will have to travel

substantially more than pm to reach the cell nucleus of an unlabelled cell Given that
very few of the beta

particles emitted are in excess of the minimum requirement of 10 keV the cross-dose received by cells in the
cluster is negligible This is supported by the calculations of Goddu et al 26 that show that the cross-dose for
electrons in this energy range is negligible when the radioactivity is localized in the cell nucleus Therefore in
the absence of bystander effects we should expect to see essentially no killing of unlabeled cells At high
cluster activities this should translate into 50% and 10% survival fraction in the case of 50% and 10%
labeling respectively The first components of the fits indicate that about 50% and 10% of the cells are killed at
low cluster activities however the second component indicates that cells continue to be killed even though they
are not significantly irradiated This suggests that bystander effect is responsible for

killing of unlabeled cells

Figure Survival of V79 cells as function of

cluster activity of 3HTdR Data are shown for

experiments where 10% ND 50% or

100% A4 cells were radiolabeled in multicellular

clusters which were maintained at 10.5C for 72

and then the survival fraction was determined

compared to unlabeled cells clearer view of the

two-component nature of the 50% case can be seen

in Fig of Attachment 166

C.2e Optimum Concentration and Impact of the Gap-Junction Inhibitor Lindane To assess the impact
of GJIC on the biological response it was necessary to determine the optimal concentration of lindane known
inhibitor of GJIC 14 Multicellular clusters were prepared wherein 50% cells were labeled with fixed activity
concentration of 3HTdR 148 MBq/ml The clusters were maintained at 10.5C for 72 in the presence of 20-
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200 jiM of lindane To achieve this lindane was first dissolved in DMSO mg/mi filtered through
Millex-HV filter and diluted with MEMA to final concentration 20-200 jiM lindane 0.58% DMSO Parallel
controls were maintained where clusters of unlabeled cells were maintained at the same concentrations of
lindane with 0.58% DMSO The solvent 0.58% DMSO had no impact on the response of the V79 cells 66
Thus for each concentration of lindane two tubes were prepared one having cluster of radiolabeled cells

50% and one having cluster of unlabeled cells After 72 period the cluster was dismantled the cells were
washed 3X and the mean activity per cell was determined and the cell survival compared to its matched control
determined as per the procedure outlined above As shown in Fig the optimal concentration was 100 jiM

Figure Effect of lindane concentration on
C.

survival of V79 cells from multicellular clusters

wherein 50% of the cells are labeled with 3HTdR
The survival fraction increased with lindane

concentration up to 100 jiM after which no
additional beneficial effect was observed Data

from three independent experiments are indicated

by three symbols A$ Representative standard100 200
deviations are indicated by the error barsLindane pM

C.2f Response of Multicellular Clusters to 3HTdR in the Absence and Presence of Lindane and DM50
To elucidate the potential mechanisms responsible for the bystander effect observed in Fig the gap-junction
inhibitor lindane and/or DMSO was added to the culture medium prior to forming the multicellular blusters

wherein 50% of the cells were labeled with 3HTdR Figure shows that 10% DMSO has some impact on the

survival of bystander cells because the A2 value in Eq C.1 changes from 11.8 kBq to 13.1 kBq substantial
effect is afforded by 100 jiM lindane with an A2 of 41.6 kBq Finally the combination of lindane and DMSO
resulted in an of 59.0 kBq These data suggest that since lindane is known to be gap-junction inhibitor 74
75 and it has been demonstrated in the present study that V79 cells form gap-junctions at 10.5C see below
it is likely that the bystander effects observed when 50% of the cells in the cluster are labeled with 3HTdR are

primarily due to gap junctional intercellular communication 66 76 The change in slope of the second
component obtained in the 10% DMSO case suggests that free radicals may also play role in this process

Figure Survival of V79 cells as function of cluster

activity of 3HTdR when 50% of the cells were labeled

Multicellular clusters were maintained at 10.5C for 72 in

the presence of 3HTdR YV 66 3HTdR 10% DMSO
3HTdR 100 jiM lindane 66 and 3HTdR

10% DMSO 100 jiM lindane UD Data from two

independent experiments are plotted for each treatment

condition and differentiated as open and closed symbols

respectively

C.2g Measurement of Functional Gap-Junctional Intercellular Communication in Monolayers and
Multicellular Clusters The presence of functional GJIC between V79 cells maintained at 10.5C was measured
both in monolayers and multicellular clusters For monolayers the scrape-loading and dye transfer technique of

El-Fouly et al 77 was used with slight modification Confluent monolayers were maintained at 10.5C for 72
and then the transfer of the fluorescent dye Lucifer yellow Molecular Probes Eugene OR was examined

after scraping the monolayer with sterile scalpel Figure in Ref 66 Attachment shows that V79 cells

retain their
ability to form membrane channels through gap-junctions even at 10.5C as evidenced by positive

LI.
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aerinto contiguous cells While this serves as evidenc

transfer technique in monolayers does not mimic the multicellular Cluster system Accordingly the presence of
functional GJIC between V79 cells in rn.ulticellular c1u maintained at 10.5C was monitored by flow
cytometry The method of Goldberg et al 78 was used with modifications Cells 2x106 were loaded with
dicarboxy-dichiorofluorescein diacetate CDCF Molecular Probes fluorescent dye excitation 488 nmemission 520 nm that becomes membrane impermeant upon entering the cell hovever it can pass throughfunctional gap junctions 79 The loading was achieved by incubating the cells for 15 mm at 37C in the
presence of ml dye solution 10mM CDCF in DMSO diluted with PBS to jiM washing IX resuspendingin prewarmed MEMA and incubated for 30 mm centrifuged and the supernatant decanted Undyed cells2x106 were treated similarly resuspended in ml MEMA and transferred to the tube containing the dyedcells These cells were used to form multicellular cluster wherein 50% of the cells were dyed The cluster was
maintained at 10.5C for 72 After this period functional GJIC was interpreted as the

ability of CDCF to passfrom pre-dyed cells to undyed cells This was determined by measuring the fluorescence of cells with
Beckton-Dickinson FACSCaliber flow cytometer using the modified technique of Tomasetto et al 80 For
this the cells from clusters were washed with PBS and resuspended in jiM EDTA in PBS to about l0
cells/mI The CDCF fluorescence was detected using 530 nm bandpass filter Fluorescent signals were
processed over four decade logarithmic range Clusters containing 100% dyed and undyed cells served as
positive and negative controls Single parameter histograms based on 10000 events were analyzed usingCELLQuest software BDIS Mansfield MA

________
bc IC

shown in Fig 5A the background fluorescence associated with undyed cells results in an peak centered at anFL-I height of approximately 2x10 When 100% of the cells are dyed peak with maximum FL-i height of
102 is observed Fig 5B Finally when 50% of the cells are loaded with the dye some of the dye is transferred
to undyed cells as evidenced by the two peaks in Fig SC Based on the shape and maximum FL-i height 102
of the peak on the right it corresponds to cells that were initially loaded with the dye The peak on the left of
Fig SC is centered at an FL-i height of 10 Therefore the peak corresponding to initially undyed cells has
shifted to the right by one log indicating that dye has transferred from the dyed to the undyed cells Hence
functional GJIC is present in the V79 multicellular clusters maintained at 10.5C

C.2h Cell Sunival Fraction in Multicellular Clusters Irradiated with External Gamma Rays
Microcentrifuge tubes containing multicellular clusters prepared with unlabeled cells were moved to
refrigerator at 10.5C The tubes wete placed at different distances from 10 mCi Cs source housed in small
stainless steel capsule The cumulated dose to the cells was measured using Thomson-Nielsen miniature
MOSFET dosimeter system After 72 of chronic irradiation at 2-20 cGy/h the cells were processed to
determine the cell survival fraction The

response of the multicellular cluster to acute L37CS gamma rays was
also studied by maintaining multicellular clusters prepared with unlabeled cells at 10.5C for 72 and then
irradiating the clusters acutely 1-1.7 Gy/min at 10.5C in J.L Shepherd Mark irradiator The acutely
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response curves for V79 multicellular clusters exposed to chronic and acute t37 gamma irradiation at l05CThe shouldered dose response curves are characteristic of the response of mammalian cells to radiations withlow linear energy transfer LET It is clear that the response of the multicellular clusters is dependent on thedose rate The chronic dose rates are similar to the dose rates encountered with incorporated radionuclides
therefore the and /3 coefficients for the chronic irradiation can be taken as representative of the coefficientsone would expect for the response to cross-dose from low-LET radiations emitted by the radionuclides

Figure Survival of V79 cells following acute and chronic
irradiation of multicellular clusters with 37Cs gamma rays

Irradiations were carried out under the same conditions as those
maintained in the radionuclide studies least squares fit of the

data to the linear-quadratic model SF Exp-aD-J3D2 yielded
the following

Cl

SFchronic Exp-4.4xl02 3.9x103 D20.01
SF acute Exp-l.l8xl0 5.6xI03 D2

where the and /3 coefficients are in Gy and Gy2 respectivelyDose Gy

C.2i Mutagenesis and Survival Studies with External Gamma Rays The Question of Hypoxia in theClusters In this experiment the protocol used in the above acute gamma ray experiment was foIlowed
exceptthat immediately prior to irradiation cells in half the tubes were resuspended to replace depleted oxygen whilethe cells in the remaining tubes were continued as pellets Cells in all tubes were plated to evaluate colony-forming ability Fig 7A shows that the cells that remained in clusters were somewhat more resistant to
killingby acute gamma irradiation relative to those that had been resuspended Curve fits to the linear quadratic model

resulted in asusp 0.24 Gy 18susp 0.0022 Gy2 apellet 0.12 Gyrn and /3pellet 0.0070 Gy Fig7B shows that the same is true for induction of mutations at the HPGRT locus Least squares fits to the numberof mutants per cell plated yield Fsusp 3.9x per Gy and Fpellet 2.5x per Gy For this latter armof the experiment the Banbury Protocol was followed 81 The oxygen enhancement ratio OER for survivalwas about 1.4 and for mutation was approximately 1.6

0.0005 Figure Response of V79 cells
.2

0004 following acute irradiation with 37Cs

gamma rays at 10.5C when clusters
0.0003

are maintained at 10.5C for 72 and0.1

0002 then irradiated intact or after

dissociating Two endpoints are0.0001
examined cell survival and

o.oi
mutations at the HGPRT locus

10 15 10 15

Dose Gy Dose Gy
This experiment demonstrates that after the 72 incubation hypoxia is present in the clusters

However it appears to be uniform throughout the pellet since
differentially hypoxic populations would result in

two- or more component exponential response to uniform irradiation This is an important point because
differential hypoxia would make data interpretation difficult The OER is substantially less than 2.5 to 3.0 themaximum range expected for anoxia Ref 82 pg 135 so the clusters are not completely hypoxic In fact
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mm Hg or Ref 82 138 Figure 8-5
This experiment further shows that the strain of V79 that we have used for our experiments is suitablefor mutagenesis studies at the HGPRT locus and that mutagenesis is reduced but not eliminated in the clusterscompared to suspensions Our finding of reduced mutations in the clusters attributed to hypoxia is Consistentwith the findings of Suzuki and Okada 83 Grdina et al 84 and Denault and Liber 85 However because

the limited hypoxia appears to be unifo throughout the cluster we do not anticipate that this will make
interpretation of the data difficult It also should be noted that bystander effects are observed gap junctions doform and translocation of effector molecules can take place under these conditions of reduced 0-tension

C.2j Separation of Labeled and Unlabeled Cells after Disassembly of Cluster In the addendum to our
original submission we had proposed to follow the radioactivity in the cells by dyeing unlabeled cells with
carboxyfluorescein diacetate succinimidyl ester VybrantTM CFDA SE Molecular Probes prior to assemblingthe multicellular cluster with mixture of radiolabeled and unlabeled cells This dye is designed specifically as

tightly bound cell tracer After maintaining the clusters for three days to accumulate decays the labeled andunlabeled cells were to be separated using fluorescent cell sorting techniques FACS We have acquired
preliminary data to show thatthjs dye will indeed serve this purpose admirably In addition we have found thaithe dye can also be used to separate the labeled and unlabeled cells for independent determination of cellsurvival and other biological endpoints including mutagenesis and the comet assay see Section D.3fV79 cells growing as monolayers were removed from flasks and suspended at 2x106 cells/mi in MEMB
Aliquots of ml were placed in sterile lxlOO-mm culture tubes and placed on rocker-roller in standardconditions After this conditioning period ml of MEMB containing 3HTdR or 148 kBq was added to theculture tubes containing ml of V79 cells All tubes were then returned to the rocker-roller Following 12
period of labeling with radioactivity the tubes were removed and centrifuged at 2000 rpm at 4C for 10 mm
Aliquots of the supernatant were used to check the concentrations of radioactivity The remaining suprnatantwas decanted the cells were resuspended in 10 ml phosphate-buffered saline PBS and transferred into 15 ml
centrifuge tube The cells were washed three times with 10 ml of PBS and aliquots of washed cells were takenout to perform cell count and to determine the mean radioactivity per cell The radiolabeled cells were then
labeled with the fluorescent dye using VybrantTM CFDA SE cell tracer kit dye concentration of 0.05 MMCFDA SE was found to be optimal for V79 cells The radiolabeled and subsequently dyed cells 2xl06 weremixed with equal number of cells that were neither labeled with radioactivity nor dyed but were treated exactlythe same manner as the labeled cells Finally the pooled cells were formed into cluster as per Section C.2cThe resulting clusters contained total of at 4xl06 cells of which 50% cells were radiolabeledldyed The tubes

containing the clusters were transferred to refrigerator at 10.5C After 72 at 10.5C the
supernatant was

carefully removed and the tube was vortexed to disperse the cell cluster The cells were resuspended in PBStransferred to 15 ml centrifuge tubes washed three times with 10 ml PBS resuspended in PBS with MmEDTA to concentration of i07 cells/mi and passed through 21-G needle five times to produce single cell
suspension The cells were sorted with the FACSCalibur flow cytometer An air-cooled 488-nm Argon-ionlaser was used to excite the dye The excitation and emission peaks of the fluorescent dye were 492 and 517
respectively Fluorescence in the FL-i channel was collected along with forward-angle and 90

light scatterThe cells were sorted for dye-negative cells After sorting the dye-negative cells unlabeled and undyed were
collected pooled washed with 10 ml PBS-EDTA and resuspended in ml PBS-EDTA Aliquots were takenand the cell concentration was determined An additional 0.5 ml of the suspension was subjected to FACS for
the second time to check.the purity of sorted cells i.e absence of dye-positive cells Aliquots were taken todetermine the mean radioactivity per cell

Our above preliminary experiments showed that the excitation and emission characteristics of VybrantTMCFDA SE 492 and 517 respectively are well suited for cell sorting by FACS Figure shows the distribution
of dye-positive and dye-negative cells The FACS analysis of cells from 50% dye-labeled cell population
after maintaining the cluster with 50% dyed cells at 10.5C for 72 showed no appreciable dye transfer from
dyed to undyed cells
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Figure shows that when multicellular clusters consisting of 50% radiolabeledldyed cells were maintained at10.5C for 72 dispersed and then sorted using the FACSCalibur system undyed cells M2 gate were
separated with high degree of purity 97% Aliquots of the M2 gated undyed cells in Fig were counted
for radioactivity and it was determined that these cells contained an average of 0.0 13 rnBq/cell The Ml gateddyed cells in Fig contained 1.5 mBq/cell The very small amount of radioactivity in the M2 gated cells canbe attributed to the lack of 100% purity in the sorted population as indicated in the caption of Fig These data
provide strong evidence that there is no migration of tritiated thymidine from radiolabeled cells to surrOundingunlabeled cells under the experimental conditions employed Furthermore this procedure can be used in
Specific Aim to monitor the kinetics of radioactivity in the labeled and unlabeled cells for all of the
radiochemicals proposed Perhaps even more important this dye can be used to separate the labeled and
unlabeled cells for independent determination of cell survival and other biological endpoints

C.3 Significance of the Preliminary Studies

Radiopharmaceuticals are widely used in clinical medicine to diagnose and treat
variety of medical

conditions It is well known that when radiophai-maceuticals are administered to the patient the
radioactivitylocalizes in different tissues in the body and its distribution at the macroscopic and microscopic levels is

nonuniform The degree of nonuniformity can vary widely depending on variety of factors The biological
consequence of nonuniform distributions of radioactivity in given tissue can also vary substantially Despitethese well-known facts current internationally accepted methods for assessing risks from diagnostic nuclear
medicine procedures assume that the radioactivity in organs and tissues is uniformly distributed 86 The same
assumption is frequently made in assessing risks from environmental and accidental exposures to radioactivity
Adelstein et al 49 and Makrigiorgos et al 42 have raised important concerns regarding these assumptionsand their impact on risk estimates Perhaps even more significant is the impact of nonuniform distribution of
radioactivity on therapeutic nuclear medicine Numerous investigators have made important contributions
concerning the impact of nonuniform distributions of radioactivity on the resulting absorbed dose profile in the
target tissues and the ultimate therapeutic outcome 46 47 87-92 However one of the major stumbling
blocks in developing models to predict the biological response of tissues with nonuniform distributions of
radioactivity has been the absence of models that allow tight control over the distribution of the radioactivity

The preliminary studies described above confirm that nonuniform distribution of
radioactivity in tissues

can have dramatic impact on the biological effect of the radionuclide It is clear that for the same cluster

activity dividing the radioactivity among 100% of the cells is more lethal than dividing it among 50% or 10%
of the cells in the cluster This emphasizes the fact that the conventionally calculated mean absorbed dose to the
cluster is poor predictor of biological outcome when the radioactivity is distributed nonuniformly These
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by mixing radiolabeled and non-radiolabeled cells to achieve controlled
degree of nonuniforirjry of

radioactivity in an in vitro multicellular cluster model This new model provides solution to this problem by
allowing total control over the percentage of radiolabeled cells in the cluster The use of differentradiochemicals provides control over the subcellular distribution of the radiolabeled cells These degrees ofcontrol over the model are major departure from past in vitro spheroid models The preliminary studies alsoshow our capacity to synthesize purify and work with several different radiochemicals that are an essential

part1
of the project In addition these studies establish the response of V79 multicellular clusters to incorporated
radioactivity These data show

strong indication that bystander effects may play significant role in

determining the biological effect of incorporated radioactivity Our studies with lindane provide strongevidence that gap junctional intercellular communication plays an important role in the bystander responseEvidence of functional gap junctional intercellular communication in the clusters is provided by flow cytometry
Preliminary studies with 10% DMSO indicate that radical species may play some role in the bystander effectData are now provided for new assay that has been added to the Research Design namely mutations at theHGPRT locus Perhaps the most significant aspect of the

preliminary data is that the labeled cells can be
separated from the unlabeled cells using fluorescent activated cell sorting technology This enables us isolatethe bystander cells and specifically assay the biological effects in this population This is major advantage ofour cluster model over other models that have been used to study bystander effects

Research Design Methods

D.1 Radjonucljdes and Radiochenijcajs

Ia Radionuclides The biological response of multicellular clusters will be ascertained fdr alpha2Po beta 3H 131J and Auger electron 1251 emitting radiochemicals as these encompass three majorcategories of radionuclide emissions The radionuclides 125J and 131j are emitters of Auger electrons and beta
particles respectively Their corresponding physical half-lives are 60 and

respectively The beta emitter
131j emits

particles with mean range of several hundred pm whereas 125j emits numerous Auger electrons withsubcellular ranges 131j is presently being used
clinically in radionuclide therapy and 125J is being investigated to

capitalize on its high-LET type radiotoxicity The radionuclide 210p0 emits single 5.3 MeV alpha particle in its
decay to stable 26Pb The long physical half-life 138 of this radionuclide makes it undesirable forradionuclide therapy however its long half-life and commercial

availability make it good radionuclide for
laboratory studies on the effects of alpha particle emitters The radionuclide 3H has physical half-life of 12.3and emits beta particles with mean energy 5.67 keV and mean range in water of about pm 70 The 2111Po and

activity will be assayed with Beckman LS3800 automatic liquid scintillation counter whereas the
photopeaks of and 125j will be assayed using the requested automatic gamma counter

D.lb Radiochemicals The radiochemicals 2531IIodorhodamjne C2513I-Rh 123 localize
entirely in the

cytoplasm of cells 93 It is well-known that the radiotoxicity of cytoplasmically localized IZSj is akin to low-LET radiations such as the beta particles emitted by 131j 68 The radiochemicals 2531Iododeoxyuridine2513IdU incorporate into the DNA in the cell nucleus When labeled with 125j this radiochemjcal is known to
impart high-LET type biological effects Therefore these two radiochemicals will delineate the response of
multicellular clusters as function of the subceflular distribution of t25J and 131j The radiochemjcal
dipyrrolidinedithiocarbamatoIpojj will localize in the cell nucleus 2t0Po-citrate is known to distribute
primarily in the cytoplasm For 3H tritiated thymidine 3HTdR and 3H-methionine will be used to localize
the radionuclide in the nucleus and cytoplasm 94 respectively

ic Synthesis of 25311Iodorhodamine The procedures of Harapanhalli et al 93 will be used to
prepare 2sI131. 123 To 20 p1 of rhodamine 123 methyl o-6-amino-3-imino3Hxanthen9y1benzoatemonochlorjde solution mg/mI in 0.04 acetate buffer pH 5.0 placed in screw-cap vial 50 p1 of aqueous
peracetic acid 0.032% will be added followed by 0.5-1 mCi of Na2531I solution in aqueous sodium hydroxideAfter vortexing and incubation at ambient temperature for

C18 TLC will be performed to check the extent of

PHS 398 Rev 4/98 Page __32
Number pages consecutively at the bottom throughout the application Do not use suffixes such as 3a 3b



organic phase will be washed with 10% sodium bisulfite water and brine The solution will be evaporated and
the solid residue will be dissolved in 50

j.ti
of ethanol and the resultant solution will be diluted to ml with

water and then it will be passed through C8 Sep-Pak cartridge preconditioned with water methanol and water
Successive elutions from water to methanol will be performed to get the product in 50% aqueous methanol in
40-45% yield and over 98% chemical as well as radiochemical purity Alternatively the reaction mixture
following 1-h incubation period will be directly injected into the HPLC column and the product will be eluted
at 18 mm reversed-phase separation will be accomplished using mobile phase of 0.02 phosphate buffer
pH mobile phase and acetonitrile mobile phase linear gradient of 10-80% in 15 mm on Spheri

RP-8 column 100 4.6 mm jim Applied Biosystems Foster City CA with precolumn 30 4.6 mm at
flow rate of mI/mm will provide separation pair of Waters 510 pumps 486 Absorbance Detector and 660

Solvent Programmer will be used If there is any carryover of unlabeled rhodamine 123 the eluate will be
evaporated redissolved in dichloromethane and washed with water to remove excess of rhodamine 123 Final

purity will be checked by silica
gel and C8 TLC by cospotting with authentic 1-rhodamine 123

ld Synthesis of 25311ododeoxvurjdjne 210Po-citrate These radiochemicals will be synthesized
using our well established procedures described in the Preliminary Studies section

Synthesis of dipyrrolidinedithiocarbamato..210p0IJj This radiochemical will be synthesized using
the same procedures described by Azure et al for dipyrrolidinedithiocarbamatot2pbJj Po in HCI
will be allowed to dry in fume hood at room temperature resuspended in minimum of absolute ethanol 2.5ml and transferred to pear shaped ml flask containing magnetic Stir bar The ligand solution will be
prepared by dissolving the ammonium salt of pyrrolidine dithiocarbamate MW 164 Aldrich Chemical Co
Milwaukee WI in absolute ethanol stoichiometric amount of the ligand will be added to the reaction vessel
and the solution maintained at 50C for After cooling to room temperature the contents of the flask will be
transferred to 12 75 mm borosilicate glass tube allowed to evaporate at room temperature and resuspended
in sterile deionized water Finally the 2t0PoPDC solution will be sterilized by filtration through Gelman
0.22 .tm filter and the

activity assayed The radiochemical purity will be ascertained by thin layer
chromatography on aluminum backed silica gel with fluorescent indicator 0.2mm DC-Karten SI 254 nm
obtained from Riedel-de Haºn AG D-3016 Seelze with acetonetolueneH20 as solvent system 70246

if Tritium Radiochemicals The tritiated radiochemicals 3HTdR and 3H-methionine will be obtained
from New England Nuclear Billerica MA
D.2 Cell Lines

D.2a Chinese hamster V79 lung fibroblasts V79 cells kindly provided by Al Kassis Harvard Medical
School will be used in our studies and survival mutations at the HGPRT locus and the comet assay will serve
dS biological endpoints As in the preliminary studies the cells will be cultured in minimum essential mediumMEM supplemented with niM L-glutamine 10% fetal calf serum 50 units/mI penicillin and 50 .tg/ml
streptomycin The pH of the culture medium will be adjusted to 7.0 with NaHCO3 Cells will be maintained in

Falcon 175 cm2 sterile tissue culture flasks under standard conditions 37C 5% C0295% air 100% humidity
and subcultured twice weekly Media and supplements will be obtained from Gibco Grand Island NY

D.2b Rat Liver Epithelial Cells To explore the impact of gap junctional intercellular communication
on the biological response of mammalian cells to nonuniform distributions of radioactivity three new cell lines
of rat liver origin 95 have been added to our protocols that are GJIC competent GJIC or incompetent
GJIC These include WBs wild-type HGPRT GJIC Fischer 344 rat liver

epithelial cell line WB F-344
iiwr WBs mutant that is HGPRT GJIC and iii aBi WB mutant that is HGPRT GJIC These cell
lines have been provided by our consultant JE Trosko University of Michigan These cell lines are cultured in

modified Eagles medium 96 with Earles balanced salt solution supplemented with 50% more vitamins and
essential amino acids except glutamine 100% more nonessential amino acids mM sodium pyruvate and 5%
fetal bovine serum Cells are maintained under standard conditions These cell lines are good models to study
the impact of GJIC on bystander effects because the GJIC cells have large gap junctions and are highly
coupled and the GJIC cells allow one to study the impact of eliminating GJIC without resorting to chemical
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be selectively carried out with the wild-type WBs which are HGPRT
D.3 Experimental Methods and Design

D.3a Survival of Cells in Multicellular Clusters As indicated in Specific Aims and the cellsurvival fraction of multicellular clusters will be ascertained for each radiochemjcal under conditions where
either 1% 10% 50% or 100% of the cells are labeled with the radiochemical The procedures for labeling the
cells and assembling the multicellular clusters is described in detail in Section C.2c Briefly cells in suspensionwill be labeled in several different tubes

containing different concentrations of the radiochemical to achieve
various activities per cell e.g mBq/cell After washing the cells free of extracellular activity the activity percell will be determined and the remaining labeled cells will be mixed with unlabeled cells to obtain the desired

labeling and 4x106 cells in 400 jil of culture medium The cell suspension will be transferred to sterile400 H1 microcentrifuge tube capped and centrifuged gently at 1000 rpm for mm to form close-packedmulticellular cluster The tubes will then be transferred to 10.5C environment for three days 72 toaccumulate radioactive decays This temperature was selected based on our earlier studies that showed the cells
maintain their plating efficiency and do not divide 71 This is one additional element of control over the
radiobiology of the cluster in that the distribution of activity in that the cluster remains fixed because the cellsdo not divide After three days the cells will be gently removed from the tubes vortexed resuspended in mlof culture medium and gently passed through 21 needle several times to break up cell clumps Aliquots of
the cell suspension will be taken to determine the -cluster

activity and the
average activity per cell e.gmBq/cell The cluster

activity will simply be the total
activity in the tube of suspended cells The activity percell will be determined using well established procedures 72 Finally the cells will be washed three timeswith wash medium serially diluted seeded into culture dishes and placed in an incubator at 37C 5% CO95% air After one week the colonies will be washed with 0.9% saline fixed with methanol stained with

crystal violet and scored 50 cells constitutes colony After ensuring the absence of chemical
toxicitywhich is not expected for these high specific activity radiochemicals the survival fraction compared tountreated controls will

initially be plotted as function of the total
activity in the cluster and the cellular uptakein the labeled cells see Section D.4 This will be repeated for each radiochemicals in Specific Aims andThese studies will be carried out for the V79 cells and for the WW and aBl cells see Section D.3e.2 for

rationale as indicated in Table in the Timeline These studies will provide information on the
lethality ofnonuniform distributions of

radioactivity which is an important topic in therapeutic nuclear medicine both in
terms of eliminating tumor cells as well as dose limiting organ toxicity

D.3b Mutation of Cells in Multicellular Clusters Mutagenesis will be followed according to the
Banbury Protocol 81 After the 72 incubation at 10.5C 106 cells will be plated from each experimentalondition examined in Specific Aims and and allowed to undergo 10 cell divisions in culture medium toallow for mutant expression The resulting cells will be challenged with 6-thioguanine Sigma Chemical Co to
evaluate mutations at the HGPRT locus This will be achieved by plating 2x105 cells into five 100 mm culture
dishes in culture medium containing reduced fetal calf serum 5% and 10 jiM 6-thioguanine The

resultingmutant colonies will be stained and scored as per methods described above Plating efficiency will bedetermined for each data point by plating 200 cells into 60 mm culture dishes containing the same culture
medium without 6-thioguanine Controls will consist of clusters assembled with unlabeled cells or 100%
labeled cells which have also been incubated at 10.5C The resulting data will be used to calculate the number
of mutants per cell plated according to the Banbury Protocol These studies will be carried out with the V79
cells and the wild type WBs cells No mutagenesis studies will be carried out with the WB and aB
populations since they are HGPRT If the bystander effect involves nuclear interactions then there should be
more mutants in the mixed population than one would predict based on the mutation frequencies observed in the0% and 100% cases If on the other hand the bystander effect does not involve nuclear interactions the
mutation frequency should be close to the predicted value and one would have to conclude that the lethal
bystander effect is the result of cell membrane or cytoplasmic interactions Perhaps more importantly these
data will provide information on the risk of exposure to nonuniform distributions of radioactivity This is of
considerable importance to radiation protection
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Principal Investigator/Program Director Last first middle- HOWELL ROGERD.3c Subcellular Distribution and Kinetics of Radioactivity in the Cells To ascertain the absorbed
dose received by the cells it is essential to follow the kinetics of uptake and clearance of the radioactivity from
the cells This will be accomplished by drawing on our previous experience with these procedures 7/ It is

expected that the kinetics in the V79 cells will be
essentially the same as those encountered in our studies with

V79 cell suspensions which are shown in Fig 10 71 The area under the curve is proportional to the cumulated
decays in the cells The time period of 0-12 represents the uptake of the radiochemical at 37C after which the
cells were washed free of extracellular ac -- vity The shaded region represents the 72 period where the cells
were maintained at 10.5C in culture medium Finally the curved region corresponds to the colony forming
period at 37C where the cellular

activity has an effective half-time of 12 in V79 cells

Figure 10 Temporal dependence of intracellular
activity

125/131

of IdU in V79 cells 71 The units of activity are

arbitrary The area under the curve is proportional to the

cumulated decays in the V79 cell nucleus The time period
of 0-12 represents the uptake of the radiochemical at

37C after which the cells were washed free of extracellujar

activity The shaded region represents the 72 period
where the cells were maintained at 10.5C in culture

medium Finally the curved region corresponds to the

week colony forming period at 37C where the cellular

activity has an effective half-time of 12 As denoted

by the shaded region 76% of the intracellular decays occur

when the cells were maintained at 10.5C

We will follow the same prcedures to determine the kinetics of activity in the cells during the three
phases of the experiment radiolabeling of the cells uptake three days at 10.5C and colony formation
period The cellular uptake of radioactivity will be assayed at four time points during the uptake phase after

washing the cells free of extracellular radioactivity after the three days at 10.5C and at four points during the
colony forming period As in our previous studies measurements will be made using the method of Kassis and
Adelstein 72 The procedures to be followed for each phase are described below

Radiolabelina Phase One ml aliquots of cells suspended in MEMB at 4.OxlO6 per ml will be
transferred into several 12 ml round bottom culture tubes capped loosely and placed on rocker-roller at

37C 5% CO 95% air After one additional ml of MEMB containing the radiochemical will be
added and the tubes returned to the roller At and 12 after addition of the radiochemical 0.6 ml
of the cell suspension is removed and transferred to 1.5 ml microcentrifuge tube One hundred

j.il
of the

cell suspension will be layered over 300
il of calf serum in 400 p1 microcentrifuge tube in duplicateAn additional ml of cells is used to confirm the cell concentration using Coulter Counter The

remaining 400 Ml of cell suspension is centrifuged in microcentrifuge for mm One hundred p1 of the

supernatant will be layered over the 300
i.il

of calf serum in duplicate The tubes will be centrifuged formm frozen in liquid nitrogen the tips cut off and activity determined and activity/cell will be calculated

Three Days at 10.5C The cells in the remaining 12 ml round bottom tubes will be washed three times
with wash MEMA resuspended in 400 p1 pooled and passed gently through 21 needle The activity

per cell will be determined as described above The remaining cells will be used to form multicellular
clusters as described above and the tubes containing the clusters will be transferred to refrigerator at
10.5C After three days each cluster will be gently transferred to 12 ml tube the cluster broken up by
gentle tapping and vortexing resuspended in ml MEMA passed through 21 needle several times to
achieve suspension and the

activity per cell determined again

Colony Forming Period Cells that have completed Steps and above will be transferred to four 75 cm2
culture flask containing 10 ml MEMA and placed in an incubator under standard conditions On each of
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Pnnci Investi ator/Pr ram Director Last first middle HOWELL ROGERthe four following days flask will be removed from the incubator washed with 10 ml PBS the cellsremoved with trypsin resuspended in ml MEMA and the
activity per cell determined

Using these data the cumulated
activity in the labeled cells will be determined and used in the absorbed dosecalculations as described in Section D.4 These data will be acquired for each cell line

It should be noted that Steps 1-3 described above only provide the
average activity per cell Thereforein multicellular clusters where less than 100% of the cells are labeled the

activity per cell labeled cell can onIbe inferred from knowledge of the activity per labeled cell prior to assembling the Cluster and the
percentage ofcells labeled This approach cannot ensure that radioactivity does not migrate from the labeled cells to theunlabeled cells Such migration will have an impact on the absorbed dose calculations In view of ourpreliminary data in Section C.2j we do not anticipate dosimetrically significant migration However additional

experiments will be performed for each radiochemical to track the
activity per cell in the labeled and unlabeledcells This will be accomplished according to the procedures detailed in the preliminary studies in Section C.2jDetermination of the subcellular distribution of the radiochemicals is an essential element required forcellular dosimetry Therefore the subcellulas distribution of each radiochemjcal will be determined in each cellline according to standard procedures 97 These data and the kinetics data described above are necessary toaccomplish Specific Aim

D.3d Assessment of Survival and Mutations after Separation of Unlabeled Cells from Labeled Cells
using FACS Our preliminary experiments showed that FACS using VybrantTM CFDA SE fluorescent dye iswell suited for separating radiolabeled cells from unlabeled cells after disassembly of the cluster This isbecause in the cluster environment there is no appreciable transfer of this particular dye from dyed to undyedcells Thus selected experiments from Specific Aims and will be repeated by first dyeing theradiolabeled cells with CFDA SE to assembling the cluster Once assembled the clusters will bemaintained at 10.5C for 72 dissociated and the labeled and unlabeled cells separated by FACS Thesurvival and mutation frequency will then be determined separately for the labeled and unlabeled cells Ideallyall experiments would be carried out with this procedure however given the time consuming nature of the cellsorting process only selected experiments can be performed Thus sorted experiments will

initially be carriedout for 3HTdR and 5IdU These two radiochemjcals have been selected because the bystander cells are notirradiated in the case of 3HTdR and only minimally irradiated in the case of 25IdU Therefore the biologicaleffects observed in the unlabeled cells will principally be due to bystander effects and not due to cross-irradiation received by the unlabeled cells Additional radionuclides will be studied as sorting time allowsD.3e Bystander Effects and Potential Mechanisms Our preliminary studies with 3HTdR described inSection and Attachment 66 indicate that bystander effects play an important role in the biological effectsof nonuniform distribution of incorporated radionuclides Accordingly this will be investigated in detail as perpecific Aim
Initially experimental results in Specific Aims and will be analyzed with the help of thetheoretical dosimetry model described below in Section D.4 to ascertain the extent of the role of bystandereffects in reducing the surviving fraction of cells in the multicellular cluster It is anticipated that thisphenomenon will be observed to the greatest extent in those cases where the cross-dose to unlabeled cells is

very small compared to the self-dose to the labeled cells Section C.2 and Attachment 166 indicate that thisis indeed the case for 3HTdR when 10% or 50% of the cells are labeled No bystander effects were observed for100% labeling with 3HTdR Based on our earlier theoretical calculations this will also be the case for 251dUwhen 50% or less of the cells are labeled and the remaining radionuclides when less than 10% of the cells arelabeled 26 The theoretical dosimetry calculations in Specific Aim will provide more detailed informationthan our earlier model 26 98 on the self- and cross-dose received by the labeled cells and the cross-dosereceived by the unlabeled cells This information will be helpful in terms of delineating radiation effects asopposed to bystander effects i.e cell kill in the absence of significant radiation dose In those cases where
bystander effects appear to play role in the biological response of the cells additional experiments will becarried out in an attempt to elucidate the mechanism of the effect These approaches are described below

D.3e Chemical Inhibition of Gap Junctional Intercellular Communication Selected experiments withmulticellular clusters will be repeated in the presence of an inhibitor of gap junctions that mediate intercellular
communication V79 cells have been shown to have substantial GJIC 77 and more in the WBs cell line 95
PHS 398 Rev 4/98
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Pnncipal tnvestigatoriprogram Director Last first middle HOWELL ROGERAs in our preliminary studies 66 and those of Azzam et al 14 lindane y-isomer of hexachiorocyclohexane
will be used as an inhibitor of this communication 74 99 We have shown that 100 im lindane is flofltoxjc
and provides maximum effect for survival studies with V79 cells 66 Similar studies as detailed in Section
C.2e will be repeated to find the optimal concentrations for the mutation assays for both the V79 cells and the
wild type WBs cells The WBs cell line of the WB series was chosen for mutation studies because of its

outstanding GJIC and it is HGPRT Once the appropriate non-toxic lindane concentration is established for
each endpoint and cell line indicated above selected experiments in Section D.3a and D.3b will be repeated in
the presence of lindane Specifically we will begin by examining 3HTdR 1% 10% 50% 25IdU 1% 10%50% of cells labeled 2t0Po-PDC 1% 10% and 3tIdU 1% 10% Experiments for 100% labeling are not
included because we have shown that bystander effects are not observable under these conditions seeAttachment thereby suggesting that GJIC does not play significant role in the survival of cells in
multicellular clusters when the cells are more uniformly irradiated Following the lead of Specific Aim these
experiments will also be repeated with the cytoplasmically localized radiochemicals to explore whether cell
killing due to GJIC depends on the subcellular distribution of the radiochemical

D.3e.2 Elimination of Gap Junctional Intercellular Communication with GJIC Cell Lines While
lindane can be used to inhibit GJIC one can entirely eliminate the presence of GJIC by using aB cells from theWB series Accordingly as already indicated in Section D.3a WB GJIC and aB GJIC cells will be used
to carry out cell survival studies that compare the

lethality of incorporated radionuclides in the presence and
absence of GJIC This pair of cell lines has already been used extensively to compare the effects of toxic
chemicals in the presence and absence of GJIC 100 Thus this system has the capability of

isolating the
radiation effects from the bystander effect

D.3e.3 Protection of Bystander Cells with Radical Scavenger Azzam et al 14 have suggested that
reactive oxygen species may play some role in the bystander effect Our preliminary studies with 3HTdR and
10% DMSO suggest that the bystander effect in V79 cells may be mediated in part by free radicals Section
C.2f The extent of free radical participation may be related to percentage of cells labeled the cell line and the
type of radiochemjcal involved Therefore we will examine this carefully in both V79 and the WB cell lines

Careful consideration must be given to the fact that DMSO can in principle afford protection againstboth radiation effects and bystander effects We have considerable experience using DMSO as radioprotector
against the effects of incorporated radionuclides both in vitro and in vivo 71 101 Our published in vitro
studies with suspensions of V79 cells indicate that 5% DMSO in the culture medium does not afford protection
against 3HTdR 3IdU or 25IdU when the radiolabeled cells are maintained in suspension for three days at
10.5C 71 However our recent studies using the same experimental conditions show that 10% DMSO
provides very good protection against 3tIdU and 25IdU with only minimal chemotoxicity associated with theDMSO The 25IdU data are shown below to illustrate the protection provided by 10% DMSO Therefore
changes in survival fraction or mutation frequency in cluster containing mixture of labeled and unlabeled
cells could be due to mitigation of radiation effects and/or bystander effects However for 3HTdR if DMSO
only mitigated radiation effects one would expect an upward shift of the entire second component with no
change in the slope of the two-component exponential survival curve Eq In contrast mitigation of the
bystander effects would change the slope of the second component In any case because of the concerns over
mitigation of radiation effects DMSO experiments will benefit greatly from cell sorting since the effects on
bystander cells can be specifically measured Therefore labeled and unlabeled cells will be sorted prior to

assaying biological response and
initially only 3HTdR and 25IdU will be studied as per the arguments in Section

D.3c As indicated in Specific Aim the multicellular cluster studies described in Sections D.3e will thus be
repeated by replacing lindane with 10% DMSO In addition the studies described in Section D.3e.2 will be
repeated in the presence of 10% DMSO Finally the combination of lindane and DMSO will also be examined
for the cases described in Section D.3e These experiments will delineate the extent to which the bystander
effect is radical mediated
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Figure 11 Survival of V79 cells as function of
0.1 intracellular

activity of 5IdU in the absence andU.

presence of 10% DMSO in the culture medium
0.01 The cells were maintained in Suspension at 10.5C

_______________
for 72

0.001 1_i__i_
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D.3f Comet Assay to Determine the Mechanism of Cell Death in the Bystander Cells This method of
measuring DNA damage has gained continuously in popularity since it was originally described in 1984 102Recent reviews have summarized the advantages of this assay over other methods 103 104 DNA damage in

virtually any eukaryotic cell can be analyzed Cells do not require radiolabeling nor do they need to be cycling
In fact DNA synthesis can confound results 104 Small numbers of cells are adequate and the slides can be
preserved The greatest advantage of this assay for our purposes is that DNA damage in individual cells can be
quantitated As Olive states in her review The comet assay can identify cells that are hit from those that
escape damage Since we are dealing with heterogeneous distributions of radioactivity it will be decided
benefit to be able to observe the damage in individual cells The 10.5C incubation should suspend the cells in
time and reduce or eliminate confusion that could result from DNA synthesis Furthermore different
mechanisms of death can be distinguished For example cells that die from apoptosis can be distinguished from
those that die of nuclear damage 104 By varying the pH of the lysis mixture and the electrophoresis buffer
single strand breaks alkaline assay and double strand breaks neutral assay can be differentiated

The comet assay will be used to study the effects of nonuniform distributions of radioactivity only in
those cases where the unlabeled bystander cells are separated from the labeled cells using FACS Given that theFACS dye resides in the labeled cells pure population of bystander cells can be isolated for comet analysisThus in the experiments outlined Section D3.d i05 sorted bystander cells will be taken from each tube to be
analyzed for comet assay In all experiments controls will consist of 100% labeled and 0% labeled cells We
will follow Dr Olives protocol personal communication for the alkaline assay and when appropriate for the
neutral assay Initially comets will be analyzed using our fluorescence microscope in order to get feeling for
the nature of the comets in any given case Final analysis will be accomplished using CCD camera available
in the Department of Medicine in conjunction with the Image Analysis software NIH Image available at

http//rsb.info.nih.gov/nihimage/ Response will be scored in two ways percentage of cells with cometsand tail moment which is the tail length times tail intensity or percent migrated DNA
D.3g Measurement of Cell Dimensions The dimensions of the cell and cell nucleus of V79 cells have

already been carefully determined when these cells are in suspension mean nuclear diameter of 8.0 pmand cell diameter of 10.0 pm was obtained However to ensure that these dimensions are valid for V79 cells
within the assembled clusters we will employ confocal microscopy to measure the diameters in situ
Measurements will also be made for the WBs WBr and aB cell lines This will be done with the assistance of
our faculty expert in confocal microscopy Jeffrey Gardner Ph.D NJMS Department of Pediatrics Cells will
be labeled with VybrantTM CFDA SE cell tracer kit as described in Section C.2j and clusters assembled with
the dyed cells The clusters will be maintained at 10.5C for 72 and then

delicately teased from the
microcentrifuge tube to minimize disruption of the cluster The cluster will be placed on slide and
immediately placed into the Zeiss Laser Scan Microscope LSM 410 invert with ArKr laser 488/568/647 nm
Slices will be acquired by exciting with wavelength of 488 nm and passage of the resulting CFDA SE
fluorescence through 515-545 bandpass filter three dimensional rendering of the cluster geometry will be
obtained The Zeiss software package will be used to obtain the mean diameters and standard deviations of the
cell and cell nucleus as well as the packing density of the cells These results will be used in the theoretical

modeling below
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D.4a Overview The biological response of given c.fl in the multicellular cluster is expected to
depend principally on three variables absorbed-dose ii RBE and iii bystander effects The dependence on

requires detailed dosimetry calculations that take into account the self-dose from
radioactivity within the cell

itself and the cross-dose from the other cells in the cluster These are addressed Specific Aim The impact of
given component of the absorbed dose depends on its RBE This level of detail is particularly important for

because the RBE of Auger electron emitters is strongly dependent on subcellular distribution of the radionuclide
Attachment Refs 51 105 106 We have considerable experience with correlating the biological
effects of radionuclides incorporated into cultured cells with absorbed dose This includes experience with
alpha beta and Auger-electron emitters 10 71 107 Cellular dosimetry has been the basis for all of
these studies and we have found that this approach is very effective for predicting response While our earlier
studies used single-cell model we anticipate that the cellular dosimetry approach will be equally effective for
the multicellular model Both the single-cell and multicellular models involve mixed radiation fields problem
we dealt with in detail in our article on the effects of 2t2Pb-PDC which involves the emission of both alpha and
beta particles Attachment Ref Our approach to relating dose and effect outlined in Section D.4c and
D.4d takes into account the high RBE expected from the self- and cross-dose for Po alpha particles and the
self-dose from DNA-incorporated 2IdU and 3HTdR

D.4b Theoretical Multicellular Cluster ModeL The theoretical multicellular cluster model will be
constructed using the same approach described earlier 26 27 The multicellular cluster will be represented as

spherical collection of cells in hexagonal close-packed geometry provided that the measured packing density is
close to 74% Otherwise other packing geometries will be considered to more closely match the measured value
The cell and cell nucleus will be represented as concentric spheres of unit density matter 108 with dimensions
corresponding to those obtained in Section D.3g for the V79 and WB cell lines Our preliminary 1oo at the
clusters using simple microscopy techniques indicates that the cells are spherical Although it should be noted
that even large deviations from sphericity will not impact the dose calculations by more than about 15% 27
To simulate the experimental conditions cluster of 106 cells will be modeled for cells with 10 jimdiameter this corresponds to cluster diameter of 1.754 mm The radioactivity will be distributed between the

cytoplasm Cy and the nucleus according to the measured subcellular distribution of the radiochemical
D.4c Cellular Dosimetry To achieve Specific Aim the method of dose calculation used in our

theoretical cellular and multicellular dosimetry models described in our earlier publications will be revised to
calculate the absorbed dose on cell-by-cell basis 26 27 The mean absorbed dose DkN to the cell nucleus of

target cell in the cluster is given by the sum of the self-dose to the
target cell and the cross-dose from all other

cells in the cluster

self crossDIN k.N k.N

ak

0N.-k.N D.2

DN 0j.cy 0NJ.N D.3

where is the mass of the cell nucleus z.tj is the mean energy emitted per nuclear transition for the th radiation

component and and
a1 are the cumulated activities in the kth

target cell and the th non-target cell respectively

The absorbed fractions and are the fraction of the th energy component emitted byk.N4k.Cy Vk.N.-kN

radioactivity in the cytoplasm and nucleus within the kth
target cell that is deposited in cell nucleus of target cell

respectively The absorbed fractions and thOSS are the fraction of the th energy componentlLNj.Cy k.Nj.N

emitted by radioactivity in the cytoplasm and nucleus within the th non-target cell that is deposited in cell
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target cell respectively The quantities and are the fraction of cellular radioactivity local

in the cytoplasm and nucleus respectively Equations and can be written more simply in terms of where
the mean absorbed dose to the

target region per unit cumulated activity in the source region 38

akfcYSkNCfNSkNkN D.4

cross cross

CYSkNCY Sk.N...jN

self
selfThe cellular values for calculating the self absorbed dose and have been tabulated for overJk.N4k.Cy

200 radionuclides in MIRD monograph 27 Since the radionuclides to be used in the present study are
tabulated in the monograph no new self-dose cellular values will need to be calculated The cross-dose
values depend on the separation distance between the source and

target cell These cellular cross-dose values
will be tabulated for separation distances of 1-2000 pm at pm intervals for 3H 125j 131j and 2wp0 The absorbed
fractions needed for these tabulations will be calculated using analytical techniques as described in our earlier

paper 26 Tabulation of the values in this way is essential for minimizing the computation time needed to
calculate doses in clusters containing large numbers of cells As indicated in Specific Aim similar tabulations
will be carried out for numerous other radionuclides of interest to nuclear medicine 27 Radiation spectra for
all radionuclides will be taken from Eckerman et al 109 This compilation of radiation spectra contains the
complete beta spectrum for each radionuclide feature

necessary for cellular and multicellular dosimetryWhen calculating self-dose the cumulated activity in the target cell is the sum of three components

ak_alaMaCF D.6
where and

aCF are the cellular cumulated activities during the periods of incubation for cellular uptake of
radioactivity maintenance as cluster for 72 and colony formation respectively When calculating the cross-
dose only the cumulated activity in the non-target source cell during the multicellular cluster period should be
considered Therefore the cumulated

activity in non-target source cell is simply

aM

Of course if the target cell is an unlabeled cell then Similarly if the non-target cell is unlabeled
Since the radiopharmaceuticals are taken up by the cells linearly in time the cellular cumulated

activity during the uptake period a1 is given by

0.5
t1 a1 D.8

where
ai is the average cellular activity mBq/cell at the end of the uptake incubation period and

t1

is the

incubation time during which the radioactivity is taken up by the cells t1210Po 0.5 t2531IdU 3HTdR 3H-
methionine 125/l3lIl23 12 During the maintenance period tM 72 the

radioactivity undergoes
physical decay only Therefore the cumulated activity during this time is given by

tM

aM a1 exp0.693t /T dt D.9

The physical half-lives of 210Po 1311 and 125J are 138 and 60 respectively 36 The physical half-life
of 3H is so long that no appreciable decay occurs in this time scale Finally the cumulated activity during the

colony forming period tCF is given by

tCF

acF exp-0.693 tff a1 exp0.693t /TeCF dt 10

where TcCF is the effective half-time of the radioactivity in the cells during this period
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Pnncipal Investigator/Program Director Last first mdd/e HOWELL ROGERD.4d Modeling the Survival of Cells in the Multicellular Cluster The survival
probability Pk for a1

given target cell will be taken as the product of the survival probabilities resulting from radiation effects
and bystander effects Bk

PkRkxBk DII
The survival probability for radiation effects Rk for the kth

target cell will be taken as the product of the survival
probabilities resulting from the radiation insults from the self-dose and the cross-dose to the cell nucleus We
have been very successful in using the linear quadratic LQ model to predict cell survival when only self-dose
from incorporated radioactivity is present cells not maintained as cluster This has been true for alpha beta
and Auger-electron emitters alike such as 212Pb 931Pt 3H and 210p0 The former three radionuci ides
involve the emission of mixed radiation fields so this should not pose undue complications in the proposedstudies The LQ model was also used when the cells were irradiated with external gamma-rays i.e only cross-
dose as well Therefore the survival probability for radiation effects Rk in

target cell will be modeled as
the product of the survival probabilities resulting from the self-dose and the cross-dose components

self self cross
crossRk expasetfDkN Pself DkN xexpa0D PCmSSDk.N l_

where /3 acro are the linear and quadratic coefficients of the LQ model for the self- and cross-
irradiation components respectively These quantities will depend on the type of cell the radionuclide and the
subcellular distribution of the radionuclide which depends on the radiochemical The methods to be used to
obtain /3 and /cr will be as follows

2t0Po-citrate and 210Po-PDC high-LET dose response curve with no shoulder is expected to emerge for
both self- and cross-dose therefore Despite the differences in subcellular distribution of the
two 2Po radiochemicals our previous cell culture experience with alpha emitters suggests that the lope of
the dose-response curves will be the same 107 Thus if we plot the survival as function
of mean absorbed dose to the cluster for the case of 100% labeling and fit the data to monoexponential
function we obtain l/experimental mean lethal dose D37 to the cluster

251-Rh 123 and 311-Rh 123 These radiochemicals localize
entirely in the cytoplasm of cells 93 so both

the self- and cross-dose will produce low-LET type effects in cultured cells 51 93 110 Thus similar
approach will be used for these radiochemicals as was used for 210Po The survival fraction will be plotted as

function of mean absorbed dose to the cluster for the case of 100% labeling and the dose-response data
will be fitted using the linear quadratic model The mean absorbed dose to the cluster will be calculated
using our well-established computer code which accounts for energy losses outside the cluster volume 87
The fitted values of and /3 will correspond to the desired values where

a1 acro and It is

anticipated that these values will be close to the values obtained for chronic 1Cs gamma irradiation in the

Preliminary Studies /3 3.9xl03 Gy2 4.4xl02 Gy1
t25IdU This radiochemical localizes entirely in the cell nucleus For the cross-dose the values acand $cro from 251-Rh 123 will be used In the case of the self-dose there is overwhelming evidence both

from our laboratory and others that shoulderless high-LET type response will be operative 29 /11
therefore /3 Our earlier multicellular dosimetry calculation show that when 125j is in the cell nucleus
and 100% of the cells are labeled over 90% of the cellular absorbed dose comes from the self-dose 26
Furthermore the RBE of this self-dose is approximately so the cross-dose will have minimal impact
on the biological outcome when 100% of the cells are labeled Therefore cc1 l/mean lethal self-dose to
the cell nucleus for 100% labeling

3IdU For the cross-dose the values acro and
flcross

from I-Rh 123 will be used Since is medium-

energy beta emitter the same values will also be used for a11 and
3HTdR Figure of Attachment shows that the cross-dose is negligible for this radiochemical which

localizes in the nucleus 71 Therefore we can safely set acrou /cros In the case of the self-dose our

preliminary data for 100% labeling shows that shoulderless high-LET type response is obtained therefore
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In view of the extremely short range of the 3H beta particles 1/mean lethal self-dose to the

cell nucleus for radioactivity in the nucleus for 100% labeling
3H-methionine Figure of Attachment shows that the cross-dose is also negligible for this

radiochemical which localizes largely in the cytoplasm 71 Therefore we can safely set a055 jros
The fitted values of and /3 will be used upon plotting the self-dose to the cell nucleus from
radioactivity in the cytoplasm for 100% labeling

Our preliminary data for 3HTdR indicate quite clearly that bystander effect in unlabeled cells is indeed
present and it is dependent on the absorbed dose delivered to the labeled cells The monoexponential dose-
response for 100% labeling and the two-component exponential response observed for 50% and 10% labelingshown in Figs and provide strong argument for an exponential response for the bystander effect As
pointed out in Attachment 166 the first component is due to radiation effects in the labeled cell populationand the second component is due to bystander effects in the unlabeled cell population If the data in Fig are
replotted as function of the cellular uptake of radioactivity in the labeled cells one obtains Fig 12 As
indicated in the caption the solid lines correspond to least squares fit to three-parameter two-component
exponential response function. The dotted lines are aone-parameter fit to SF 1-c exp-a/a.100%
exp-faj/b where is only fitted parameter Reasonably good fits r2 0.95 are obtained indicating that in the

case of 3HTdR the bystander response is exponentially dependent on the fraction of cells in the cluster that are
Iabeledf and the uptake of radioactivity in the labeled cells i.e absorbed dose to labeled cells

Figure 12 Survival of V79 cells as function of cellular uptake
of 3HTdR in the radiolabeled cells Data are shown for

experiments where 10% RD 50% SO or 100% cells

were radiolabeled in multicellular clusters which were maintained
0.1

at 10.5C for 72 and then the survival fraction was determined

compared to unlabeled cells The solid lines are least squares fit

of the data to two-component exponential function SF 1-c0.01
exp-a/a exp-aI/a where c0.87 a0.96 tnBq a49.4
mBq for 10% labeling c0.67 a0.4l mBq a5.9 mBq for 50%
labeling and cl.0 a0.5l mBq for 100% labeling The dotted0.001
lines are least squares fit to SF 1-c exp-a1/alOO%
exp-f aiTh where a2lOO% 0.51 mBq mBq is the

Uptake
fraction of cells labeled and is the fitted parameter clO%
0.17 c50% 0.42 and c100% 1.0

More generally this implies that the bystander response of the target cell depends on the magnitude of the
individual absorbed dose received by each of the neighboring cells In view of this we will

initially assume
the survival probability for the bystander response is of the form

Bk D.l3

where D3 is radiochemical specific fitted parameter and the product over will initially include only the 13
cells immediately surrounding the target cell of interest Additional layers of surrounding cells may have to be
included for the WB cell lines which form large network of gap junctions capable of communicating across
numerous cells Interestingly the data of Mothersill and Seymour 16 suggest that absorbed dose may not be
an important variable However our preliminary data for 3HTdR argue that the dose to neighboring cells is

important in that the surviving fraction of V79 cells continues to drop with increasing activity per labeled cell
while maintaining the percentage of labeled cells constant

Monte Carlo approach will be adopted to calculate the survival fraction SF for the multicellular
cluster This method will entail consideration of the survival probability for each individual cell in the cluster
and making determination of the fate of the cell Briefly random number RAND will be generated
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between zero and unity If Rk XBk RAND the cell will be scored as dead otherwise the cell will be scored as

survivor This process will be carried out for each cell in the cluster and the survival fraction will be
calculated according to the equation below

SF number of survivors 4x106 D.14
The SF will be plotted against the cluster activity and the resulting curve will be compared with the

corresponding experimental survival curves obtained in Specific Aims 1-2 We have chosen to initially plot the
SF against cluster activity since the raw experimental data is in this form Therefore this is the data that we
have to ultimately match with our theoretical model In addition the data will be plotted as function of cellular

uptake of radioactivity in the labeled cells However plots as function of dose-related variables will likely

prove to be more informative but will have to await further data collection to ascertain the best mode of

presentation.

Essentially the same modeling approach will be adopted for the mutation assay The mutation

probability for given target cell will be taken as the rn of the mutation probabilities resulting from
radiation effects Rk and bystander effects Bk

PkRkBk D.l5

Ddross D1ozk.N setf kN across kN Pcross k.N

where the parameters /3 $cross
are assay specific and radiochemical specific For bystander effects

probability function of the form

BkDJN/DB D.l7

is expected to emerge Again the quantity D8 is assay specific and radiochemical specific

It is expected that perfect agreement between theory and experiment will not emerge immediately
There are several aspects of the theoretical model that can be improved if necessary First but perhaps not
foremost the theoretical cluster model assumes spherical geometry The cluster is actually packed in 400 Ml

microcentrifuge tube The cell number of 4x106 was chosen because this number of cells most closely takes the

shape of sphere too few cells makes pancake and too many cells makes tall cylinder The actual shape is

closer to cone with broad round bottom and slightly concave flat top This shape can be theoretically
modeled if necessary to help bring the theory and experiment into accord Backscattering of the particulate
radiation from the polypropylene tube could contribute somewhat to the dose to the outermost cells in the

cluster Based on the work of Nunes and Prestwich 112 this is not anticipated to significantly impact our
calculations Another potential area that may need to be addressed is mixed radiations Equation 12 assumes
that the biological impact of two different types of radiation can be treated independently Lam 1/3 suggests
that mixtures of high- and low-LET radiation are synergistic with respect to their radiobiological effects

However our experience with incorporated alpha and beta emitters suggests that different radiations can be
treated independently 114 Therefore we do not anticipate having to make any modifications in this regard
Another potential area that will need exploration is the absorbed dose to the cytoplasm Wu et al 115 and
others have used alpha particle microbeams to show that selective irradiation of the cytoplasm leads to induction
of mutations in mammalian cells and that this effect is radical mediated This suggests that the absorbed dose to
the cytoplasm of given target cell may have an impact on both the response of the

target cell and bystander
cells This can be readily explored using the same cellular dosimetry techniques by simply considering the

cytoplasm as target region

Finally our theoretical modeling utilizes radiochemical specific and f3 values for both the self- and
cross-dose Therefore for any given radiochemical we anticipate our theoretical model will do very good job
of predicting the biological response of cells in the cluster for any percentage of cells labeled with known
activity Furthermore the model will provide good estimates of the absorbed doses received by each of the cells

in the cluster so that one can also predict the biological response of the cluster after calculation of the self- and
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biological effects of nonuniform distributions of radioactivity This is the essence of Specific Aim SpecificAim is not necessarily intended to develop universal dosimetry method that arrives at single set of
universal parameters e.g and /3 that would applicable for ll radiochemicals/radjation types That is not to
say however that these data will not lead to progress in this area This proposal will generate very large
database on the biological response of mammalian cells to nonuniform distributions of radioactivity These
data will be made available as they are collected to all scientists by establishing web site at the New Jersey
Medical School The web site will house protocols raw data graphs and curve fits We will seek to advertise
the web site in the Radiation Research Society Newsletter Newsline in the Journal of Nuclear Medicine Health
Physics Society Newsletter and Medical Physics newsletter In this way data can be freely downloaded by
interested theorists who may not otherwise have access to experimental data and of course by experimentalistswho may wish to compare their own data with our results Furthermore this creates an opportunity to establish
an international dialogue that may lead to protocol alterations that maximize the information provided by the
data Thus rather than

restricting the theoretical interpretation of the data to single group this opens the doors
for analysis of the data using microdosimetry 11 19 24 61 62 /16-119 and other theories 113 120-122
Thus numerous theories can be explored in parallel Of course we do not intend to leave this endeavor only to
others We will seek to adapt our cellular dosimetry approach with the same goal in mind One avenue we will
explore will be based on recommendations in report by the American Association of Physicists in MedicineAAPM For example for mutagenic radiation effects the following form will serve as starting point

JJSCIf
HOSS fH05s2 10aseff 1LJf k.N k.N Pcto k.N

where the equivalent dose is equal to the product of the absorbed dose and the radiation weighting factor
WR 12 The radiation weighting factor will be based on experimental RBE values /2 Thus contains the
radiochemical specific information Therefore the parameters /3 a10 should only be cell line
specific They should not depend on the radionuclide/radiation and the subcellular distribution of the
radionuclide This approach should work well for mutation dose response relationships that are essentially
linear i.e /3 such as those we obtained in Fig 7B for external gamma rays In these instances the RBE
values and therefore wR will not depend on the absorbed dose The will depend on the subcellular distribution
in the case of Auger emitters and mechanisms to tackle this problem have already been addressed in the AAPM
report In the case of survival modifications to accommodate dose dependence of the RBE will have to be
made 10 The specifics of these alterations will have to wait until adequate experimental data is collected

D.5 Timeline

The following timeline will be adopted to complete the proposed work in matter that will maximize the
overlap of experimental data acquisition and theoretical modeling If four radionuclides are studied this entails
carrying out experiments at four different levels of cell labeling 1% 10% 50% 100% two subcellular
distributions nucleus cytoplasm three biological endpoints survival mutations DNA damage via comet
assay different environments MEMA MEMA lindane MEMA DMSO MEMA lindane DMSO and
multiple cell lines In addition kinetics studies confocal microscopy measurements and cell sorting studies
will also be performed All experiments will have to be repeated at least once to ensure reproducibility and
adequate statistical certainty of the data Theoretical modeling and web site maintainence are also involved
Therefore five year program is required to complete the proposed work

Year Complete specific aims 1-6 for 3H radiochemicals Initiate web site

Year Begin specific aims 1-6 for 2t0Po radiochemjcals
Year Complete 2t0Po radiochemicals and begin specific aims 1-6 for 1251 radiochernicals
Year Complete 125f radiochemicals and begin specific aims 1-6 for 311 radiochemicals
Year Complete specific aims 1-6 for tOIJ radiochemicals and correlate all data
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NEW JERSEY MEDICAL SCHOOL

Department of Pediatncs

185 South Orange AvenueFax 973 972-7597

University Heights
Newark NJ 07103-2714

October 20 1999

Dr Roger Howell Ph.D

MSB F-451

Department of Radiology

UMD-New Jersey Medical School

Dear Roger

As Faculty Overseer of the Core Fluorescence Microscope Facility can assure you the cohfocal

microscope will be available for your research efforts described in your pending NTH application As
you know the Facility charges UMDNJ faculty members fee for the unlimited use of the machine
$2500/yr This fee includes all instructional technical training and support you may require during
your use of the microscope

Sincerely

Jeffrey Gardner Ph.D

Assistant Professor

Chairman and Faculty Overseer Core Fluorescence Microscope Facility

UlvlD-New Jersey Medical School
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NEW JERSEY MEDICAL SCHOOL

Center for Laboratory Investigation
85 South Orange AvenueDivision of Allergy Immunology and Infectious Diseases

University HeightsDepartments of Pediatrics and Pathology
Newark Nj 07103-2714Phone 9739725066 Lab 9739727502

Fax
9739726443

January28 1999

Roger Howell Ph.D

UMD-New Jersey Medical School

Department of Radiology

185 South Orange Avenue

Newark NJ 07103

Dear Dr Howell

It has been pleasure discussing application of cell sorting techniques to the studies

outlined in your proposal entitled Effects of nonuniform distributions of radioactivity As we
have discussed the use of Rhodium 123 appears to be the best choice for your application which
entails nondestructive sorting of V79 cells that contain the dye from those that do not will be
happy to serve as consultant on your project to assist you in carrying out these studies The
Center maintains Beckton-Dickinson FACStar dual laser cell sorter capable of simultaneous
four-color identification and discrimination of fluorescent labeled cells It also has both forward

angle and 90 light scattering capability Thus am confident that this sorter can support your
studies look forward to working with you on this project

Assistant Professor of Pathology

Medicine and Pediatrics

Director of Research Administration and Laboratory Services
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MICHIGAN STATE UNIVERSITY

DEPARTMENT OF PEDIATRICS/HUMAN DEVELOPMENT EAST LANSING MICHIGAN 882I4I
B2-O LIFE SCIENCES 5l 3S.5O-42 FAX 5I 3-$--i

October 1999

Dr Roger Howell

Division of Radiation Research

MSB-F453
New Jersey Medical School

185 South Orange Ave
Newark NJ 07103-2714

Dear Dr Howell

As am extremely interested in this proposed research grant Im writing this note to
confirm my willingness to send you several of my well-characterized rat liver

epithelial cells for your research proposal Effects of nonuniform distributions of
radioactivity to be used to delineate the mechanism of the Bystander effects you
have observed These rat liver epithelial cells were derived from normal rat liver
WTB- F344 The parental cells are normal diploid non-tumorigenic and have
functional gap junctional intercellular communication GJIC via connexin43
mutant clone isolated for its inability to perform any functional GJIC expresses the
connexin43 message makes the connexin43 protein and even has gap junction plaques
on the membrane However it has absolutely no functional GJIC

Dr Little of Harvard is now using these cells for his studies on the Bystander
Effects he is observing as he presented at the International Radiation Research
meetings in Dublin

am willing to assist you in anyway can as gap junction consultant on your
grant proposal

Most sincerely

/James Trosko Ph.D
246 NatI Food Safety and Toxicology Center

Dept Pediatrics and Human Development
Phone 517-353-6346

Fax 517-432-6340

E-mail trosko@pjlot.msu.edu

Home page http//www.phd.nisu.edujtrosko
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Cell Doublings

Date Counts

g24/gg.t1589 598 571

611 827 631

541 559581

629 642 629

867 656 672

542561559
620 635 642

529 549 557

607 598 622

.511 509 507

9/2f99
411 431 435

471 461 459

389 362 372

332 321 341

441458465
432444456
409 422 436

381 392401

358 365 369

403 372 385

ioiila 772 761 756

666655677

__A 701 711 722

656 631 634

732 745 739

741 756 762

635 659 662

672 657 659

713 732 742

699 710 729

10/4/99 499 488 502

436456462
522 532 542

536542539
561572585
437452462
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490 471 478

522 535 542

531555563

VoIml
24588000
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4432000

5068667

4872000

4072000

Doublings
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16 2.645751
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V79 COLONY FORMING ASSAY

Experiment Name 37Cs toxicity acute cluster suspension

Experiment performed by Bishayee

Set the rocker-roller at 37C incubator with 5% C02 set theCoulterCbunter wash cells from

two 150 cm2 flask subcultured 24h before with PBS trypinize cells resuspend in

ml MEMB for each flusk pool vortex pass five times through cc syringe with 21 gauge

needle perform cell count by transfering 100 ul in Coulter cup containing 20 ml isotone

Coulter balanced electrolyte solution

Dilute to 4000000 cells/mi in MEMB final volume 11 ml count

cells/mi

Transfer ml of cell suspension into ten 14 ml tubes Falcon plastic test tube 17x100 mm
labeled 1-10 both on cap and wall

Roll the tubes for 16 hat 37C 5% CO2 Date/Time rf4q1 Cô PM
After 16 incubation period remove tubes add ml wash MEMA vortex and centrifuge at

2000 rpm at 4C for 10 miii orecooled centrifu.ee DateTime Oifuq
Decant supernatant chck tubes vortex resuspend ml wash MEMA

Centrifuge tubes for 10 mmat 2000 rpm 4C

Decant supernatant click tubes resuspend in 200 ul ice cold MEMAtransfer the cell suspension

in polypropylene microcentrifuge tubes with attached caps Helena Plastics 400 UI using pipet

----tips
Again add 200 ul ice cold MEMA resuspend and transfer the cell suspensions in the same

polypropylene microcenirifuge tubes Total volume 400 UI

10 Centrifuge tubes for mm at 1000 rpm 4C
11 Transfer tubes at 10C for 72 h.. D.ateTime cf/4
12 After 72 for tubes 1-5 carefully remove the supernatant resuspend the pellet in 400 ml

MEMA and place all tubes on the perforated plate.of Raininpipet tip bx containing ice to

ininain 7.10.5q

ii

II LI

PP IPII

Illiti

ji

.i .i

ii .PI .L

jj.puH.i ... .ii1 I. .5 -.-

II -i

Exp

Date 09/20/99
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Tube Total Dose rate Time Attenuat

Dose
Rad/inin miii

.0

300 97.3__ 3.Q .X-10

600 .08tr5 X.-t__

1200 .163.c

.0
0.

300 97.3 3.08 X-l0

600 79i O8II x4
10 1200 X--

....

14 After irradiation carefully remove the superæatant from the top for tubes 610 resuspend

pellet in 210 ul wash MEMA and transfer the content from all tubes to ten 14 ml tubes Falcon

plastic test tube 17x100 mm labeled 1-10 both on cap and wall containing 10 nil wash

MEMA by using pasteur pipet

15 Again add 200 ul wash MEMA in microcentrifuge tubes resuspend and transfer the cell

suspensions in 14 nil tubes

16 htæfugŁ the i6 10 niinªt2000 rpni 4C eºoilJcentrifugŁ

17 Labeling and prepaiation of dilutin tubeS and colony dishes

load 60 mmpetri dishes with ml MEMA
-load T-tübes with4.5ml MEMA.and label them 1.2 1.3 1.4 1.5 2.22.32.4
2.5 X.2X.3 X.5 etc

18 Decant supernathntclick tubes vortex resuspend in 10 ml wash MEMA
19

Centifuge
tubes for 10 minat 2000 rpii 4C

2Q Decant supernathnt click tibes vortex resuspend jn ml wash MEMA pass five times

through cc yringe with 21 gauge needle

...... iI

13 The tubes were irradiated using Mark irradiator 137Cs gamma-ray two tube one tube for

pellet and one for the suspension at time for single dose-point while placing onto Raimn

pipet tip box containing ice as per the Table below

.c/-r
o/-i

\-e.____ __ __ __



Determine cell concentration by transfering 100 il to Coulter cup

Vortex tube transfer 0.5 ml into dilution tube X5 vortex tube X.5 and transfer 0.5 ml to tube

X.4 vortex tube X.4 and transfer 0.5 ml to tube X.3 and vortex tube X.3 and transfer 0.5

ml to tube X.2 Keep tubes on ice

Transfer ml from dilution tubes into dishes labeled X.2 X.3 X.4 in triplicate Only X.2

should be seeded for control T-tubes

Incubate petridishes for week

After week wash colonies 3.times with normal IX salineand times with methanol

Stain colonies with 0.05% crystal violet

Count colonies There must be between 25 and 250 colonies for the flask to be valid data

point
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10/23/99

write this because suspect that Dr Anupam Bishayee Post-Doc working for Dr Roger

Howell is fudging data and do not believe that Roger is taking what have told him seriously

Monday October 11 1999 Anupam had started an experiment involving mutagenesis which

would end today If there had been no contamination there should be 50 100s ready to stain

ask him during the day if he will stain them today and he replies that he is busy with other things

but that he will stain them later When leave around oclock stop in to see if they have been

stained and he says that they have not but they he will work late and do them later

Tuesday October 12 1999 When come in this morning Anupam has not arrived go into the

lab to look for the plates There is no sign of them around the lab or in the trash look in the

incubator and there is tray containing 10 stacks of p100s each and marked consecutively

from to 10 This is the expected numbering that would result from the experiment look at

several plates by I-ball and under the microscope do not see any colonies know from my
experience that cells that are not going to form co1onies will lyse on about day after plating

leaving nuclei this should be day There are very few nuclei worry that these are the plates

from the experiment and that Anupam miscounted resulting in too low cell numbers to get

colonies also figure that he decided not to fix and stain them the night before because it had

gotten too late An extra day would not make any difference He may also have become aware

that they didnt have many if any colonies on them When he comes in ask him how the

experiment went and he says it went very well and he will give me the data later ask him what

the plates are that are in the incubator and he replies that that is another experiment that he is

working on know that the other experiments that he does do not utilize the 100s they use the

p60s In fact have supplied the 100s for these experiments He gives me the data later on
and it is as predicted the data for cells placed in aerobic conditions indicate more mutants than

data for cells placed in hypoxic conditions During the course of the experiment cells must be

plated and replated and the numbers must be carefully recorded in order to calculate the number
of cell divisions the cells have undergone before they are challenged with the selection agent 6-

TG ask Anupam for these data and he tells me he has them and will give them to me later

Wednesday October 13 1999 Again come in earlier than Anupam go to the incubator only
to find the mysterious set of 50 p100s is no longer there Again search through the trash and

around the lab and there is no sign of the plates Anupam does not give me the missing data

Tuesday October 191999 Roger has been sick but is now back at work relate to him the

above events and tell him of my suspicions He agrees that things sound pretty fishy He says

that he will ask Anupam for the missing data referred to above hear him do this later and hear

Anupam reply that he cannot lay his hands on the data because they are at home Roger scolds

him for taking data home

From now on check when can as to what is going on in Anupams incubator There is set of

p60s marked appropriately for the sorts of survival experiments that Anupam does dont see

anything on these plates but they may be newly plated

EXHIBIT



Thursday October 21 1999 discuss the situation with Roger and he poo poos me saying that

never really did like Anupam in the first place This is not true dont dislike him and dont
have it in for him do not know if Roger ever got the missing data from Anupam Roger is

pleased with Anupams work because he faithfully turns out data regularly He also thinks that

Anupam is not smart enough to make up data

decide that as much as possible will distance myself from Anupams work Until there is

logical explanation for the mysterious set of 50 p100s that should not have been in the incubator
believe that Anupam made up the data for the mutagenesis arm of the experiment and do not

want to be associated with him

Friday October 22 1999 Roger is analyzing some old data and finds that the RBE for is at

least three times greater than it should be He will repeat these experiments himself to determine

whether the data are real or not

Saturday October 23 1999 look in the incubator for the above mentioned p60s They are

gone check the trash There are plates in the trash that still have pink medium in them which

looks bit cloudy and may be contaminated
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V79 COLONY FORMING ASSAY

Experiment Name 37Cs toxicity acute cluster suspension Exp
Experiment performed by Bishayee Date

Set the rocker-roller at 37C incuhatcirwith 5% C02 set the Coulter Counter wash cells from
two 150 cm2 flusksubcultured 12 24h before with PBS lrypsinizŁ cells resuspend in

ml MEMB for each flusk pool vortex pass five times through cc syringe with 21 gauge

needle perform cell count by transfering 100 ul in Coulter cup containing 20 ml isotone

Coulter balanced electrolyte solution

Dilute to -4000000 cells/mi in MEMB final volume 11 ml count 7i7 33
cells/mi

Transfer ml ofcell suspension into ten 14 ml tubes Falcon plastic test tube 17x100 mm
labeled 1-10 both on cap and wall

Roll the tubes for 16h at37C5% CO2 DatelTime oqfqt1 4-0
After -16h incubation period remove tubes add ml wash MEMA vortex and centrifuge at

2000 rpm at 4C for 10 mm precooed centrifu.e DateITime o1
Decant supernatant click tubes %ortex resuspend in ml wash MEMA
Centrifuge tubes for 10 mm at 2000 rpm 4C
Decant supernatant click tubes resuspend in 200 ul ice cold MEMAtransfer the cell suspension

in polypropylen.e microcentrifuge tubes with attached caps Helena Plastics 400 ul using pipet

t1JS
.... ...

Again add 200 ul ice cold MEMA resuspend and transfer the cell suspensions in the same

polypropylehe microcentrifuge tubes TOtal volume -400 ul

10 Centrifuge tubes for 5mm at 1000 rpm4C
11 Transfer tubesat 10C for72h .PaeITimc Oc1./oq tco
12. After 72 Ii for tubes 1-5 carefully remove the supernatant resuspend the pellet in 400

MEMA and place all tubes on the perforated plate of Rainrn pipet tip box containing ice to

rnn.r- l0$C

.5

.iH A-
.5
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Tube Total Pose rate Time Attenuat

Dose
Rad/min mm

.H..R

.i...o .0 .0

.0
300 97.3 3.0 X-10

600 739.8 0.81 X-0

1200 739.8 1.62 X-0

.0

0.
300 97.3 3.08 X40

600 739.8 0.81 X-0

10 1200 739.8 1.62 X-0

14 After irradiation carefully remove the supernatant from the top for tubes 6-10 resuspend

pellet in 200 ul wash MEMA and transfer the content from all tubes to ten 14 ml tubes Falcon

plastic test tube 17x100 mm labeled 1-10 both on cap and wall contaming 10 ml wash

MEMA by using pasteur pipet

15 Again add 200 ul wash MEMA in microcentrifuge tubes resuspend and transfer the cell

sttispensions in 14 n41 tubes

16 Ceitrithge the tubbs fo 10 mm at 2000 rpm 4C pediold centrzfuj

17 Lbelmg and prparation ofdilutii tubes and colony dishes

.- load 60 rnmpe dihºs with 4mlMEM
load T-iibes with 4.5 fiulMEMAandlab1 them 1.2 1.3 .1.4 1.5 2.2 .2.3 2.423

18 Decaiit supernatnt click tubes vortex resuspend in 10 ml wash MEMA
.19 CentrifUge tubes tbr 10 mm 2000 rpm 4C ii

20 Decant supernatJnt click tubes vortex resuspend in ml wash MEMA pass five times

through cc syringe with 21 gauge needle

-. .-

.-

cu

13 The tubes were irradiated using Mark irradiator 37Cs gamma-ray two tube one tube for

pellet and one for the suspension at time for single dose-point while placing onto.a Rainin

pipet tip box containing ice as per the Table below



21 Determine cell concentration by traiisfering 100
j.tl to Coulter cup

22 Vortex tube transfer 0.5 ml into dilution tube X.5 vortex tube X.5 and transfer 0.5 ml to tube

X.4 vortex tube X.4 and transfer 0.5 ml to tube X.3 and vortex tube X.3 and transfer 0.5

ml to tube X.2 Keep tubes on ice

23 Transfer ml from dilution tubes into dishes labeled X.2 X.3 X.4 in triplicate Only X.2

should be seeded for control T-tubes

24 Incubate petridishes for week

25 After weekwash colonies times with normal 1X salineand times with methanol.

Stain colonies with 0.05% crystal violet

26 Count colomes There must be between 25 and 250 colonies for the flask to be valid data

point.
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MEMO

Date 5/22/01

To Elizabeth RavechØ Ph.D Professor of Pathology Chairman Committee on Scientific

Integrity

From Helene Hill Ph.D Professor of Radiology

Re Experiment performed in September-October 1999

Please refer to Experiment records delivered to your office on April 16 2001

The experiment dated 9/20/99 was performed by Dr Bishayee At
step

22 presumably i.e
after counting the cells he plated according to his hand-written notes 10 cells from each sample
onto 100 mm tissue culture dish p100 He also plated for survival steps 22-26 In the

survival arm the lower graph the cells in suspension samples 1-5 filled circles showed
decrease in survival to about 0.04 at 12 Gray sample and the cells in clusters samples 6-10
filled squares to about 0.08 at 12 Gray sample 10 see spread sheet

The data that now need to be considered are the Coulter counts for the mutation arm on day
after plating in p100s 9/27 NB the date 9/29 in the spread sheet is wrong and should read 9/27

if 9/24 is day 9/29 cannot be day

Consider as follows

Day 9/24 all samples plated at 106 cells/plOO

Day See spread sheet 9/29 should be 9/27 all samples have about the same number of
doublings

Is this possible

Take
sample

the surviving fraction from the survival arm of the experiment -- in sample is

0M4 10 cells were plated on day If they had not been irradiated there would have been
about doublings see samples 126 and Since they were irradiated only i04 cells can
replicate 0.04 106 l0 Assume that they replicate at the same rate as the controls they
would reach about l0 on day Assume further that the remaining 9.6 i05 cells from that

first 106 do not lyse and will remain in the dish to be harvested and counted on day Adding
these to the l0 that replicated gives total of 1.26 106 to be harvested on day from

httpilnjmsumdnj.edul

EXHIBIT

The Univermty an affirmative aclion/equal opportunity employer



sample yet there were 1.1 cells as calculated from the recorded data nearly 10 times the

expected Applying the same calculations to
sam1e

10 the total cells possible on that dish

would be 1.5 106 on day yet there were 9.3 10 about times more than expected Samples
12 and 67 are dose Samples 34 and have progressively fewer survivors according to the

survival arm of the experiment and should therefore show trend to smaller numbers on the

p100s on day There is no such trend

The experiment started on 9/6/99 followed the same protocol The survival arm of this

experiment was done by Dr Bishayee He passed 10 100s to me on 9/10 The number of cells

plated is not recorded but it would be in the neighborhood of 106 each Although there was fair

amount of contamination in this experiment the counts on day do show decreasing trend from

samples and dose to 12 Gray and from samples and zero dose to 10 12 Gray

Ionizing radiation kills replicative ability of cells but not their function As result cells that

have been lethally irradiated can remain in the dishes for many days after irradiation

am well aware of the difficulty in establishing that someone has knowingly performed an

experiment incorrectly However my earlier notes from October 1999 indicate my suspicion

regarding the experiment that was started on 9/6/99 would now like to point out that have

noted additional discrepancies with the data from that experiment

htlpflnjms.umdnj.edu/

TheUniversity Is an affirmative actionlequal opportunity employer
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involved division by suggesting that those numbers could be themeans of two columns When the sum of the two numbers is eventhere is no increase of the nonzero digits however when the sum is odddivision by produces an additional digit
in fact the column Weights-3 is precisely the mean of columns

Weights-i and Weights-2 see Table 10 Correspondingly the column
Weiglns-6 is the mean of columns Weights-4 and Weights-S Table 10Since these two columns are calculated on the spreadsheet the original data on the recording sheets 315l and 16-2 are copied respec
tively from the columns WeIghts-3 and WeighfsThe only mocJifii is that the original copied data are only tran
scribed to thrce-dccj accuracy as found on the presumably valid
sheets labeled 314-1 and 314-2

Lacking muscle-weight data for two rats the respondent generated
weights by twice foxmjg means of measurements of other rats The
presence of the extra digit in the EcceI spreadsheet provided the neededchic When the respondent was shown that the two rats weights were
clearly produced as means not measures he accepted the finding of
scientific misconduct
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Many people have difficulty in generating random numbers This
difficulty suggests that

potentially fabricated numbers encountered in investigations of scientific misconduct be exam
ined for nonrandorn behavior The present paper shows that even with conscious effort to

construct random digits many subjects are unable to produce digits with uniform distribution

For this study subjects were directed to try to produce random digits in three places in order to

fabricate series of pick lottery numbers Subjects were most successful at producing
random uniform distribution of digits for the leftmost place howevei success at one place
was not associated with success at another In addition subjects did not select all digits with

equal frequency Of 8280 digits chosen in this study the order from most to least chosen was 12
Finally no strong correlations among subjects digit choices were found The

conscious effort by these subjects to produce random digits stands in contrast with the usual

case of data fabrication in which the fabricator must devote conscious effort to choose leftmost

digits so the number has the magnitude desired and
pays

little or no attention to the fact that the

rightmost digits should be random The results of the present paper indicate that even if data-

fabricator were aware that error digits would be examined for uniformity success in
constructing

uniform error distributions is not guaranteed The difficulty that people have in creating random

error digits supports the utility of examining such digits in
investigations of scientific misconduct

Keywords scientific misconduct scientific fraud data fabrication random digits uniform distribution multi

nomial distribution Dirichiet distribution Dirichlet-multinomjal distribution

INTRODUCTION

The present paper reports the results of study in which subjects were directed to

make conscious effort to produce series of random digits in three places in order

to fabricate series of numbers from pick lottery This situation is in contrast

with the usual case of data fabrication in which the fabricator must devote

conscious effort to choose leftmost digits so the number has the magnitude de
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sired and pays little or no attention to the fact that the rightmost digits should berandom The present study shows that even when subjects are directed to make
conscious effort to construct random digits many subjects are unable to do so that
is their

digits do not follow uniform distribution The
difficulty that people have

in
creating random error digits supports the

utility of examining such digits in
investigations of scientific misconduct Even if data fabricator consciously at
tempts to construct numbers with suitably random error digits there is no guarantee that the attempt will succeed The

utility of the examination of error digits is not
necessarily diminished by fabricators knowledge that digits are susceptible tosuch an examination

SCIENTIFIC MISCONDUCT AND DATA FABRICATION

Accountability in Science

Since 1980 and continuing unabated at the present time the scientific communityin the United States has been beset by highly-publicized cases of scientific fraudin which scientists have been alleged to report falsely and in some instances
fabricate completely their research results Books e.g Broad and Wade 1982 Rao1989 Miller and Hersen 1992 Sarasohn 1993 Congressional hearings e.g HouseCommittee on Energy and Commerce 1988 1989 1990 Institutional

reports e.gNational Academy of Sciences 1992 new scientific journal The Journal of Account
ability in Research as well as numerous newspaper articles all attest to the current
widespread public interest in the area of scientific

accountability

The Public Health Services Definition of Scientific Misconduct

Scientific misconduct in biomedical research supported by the United States PublicHealth Service PHS is of particular concern to the public biomedical research
often has major impact on the public health and practice of medicine in this countryand large amounts of public funds are used for such research For example supportfor health research and development by the National Institutes of Health an agencyof the Public Health Service in 1992 was 8.4 biffions of dollars NIH Data Book 1992
Table

The Office of Research Integrity ORI located in the Office of the Assistant
Secretary for Health Public Health Service Department of Health and Human
Services is responsible for the investigation of scientific misconduct in research
involving PHS funds The definition of scientific misconduct that

currently is

applicable to research grant recipients and applicants for PHS funds appears in the
Federal Register of August 1989

Misconduct or Misconduct in Science means fabrication falsification plagiarism or other practicesthat
seriously deviate from those that are commonly accepted within the scientific Community for

proposing conducting or reporting research It does not include honest error or honest differences in
interpretations or judgments of data 32499

Prominently featured in this definition is the word fabrication The resultsof the present paper relate to fabricated data which purport to represent the



Fabrication and Random
Digits 33

results of an experiment or some other careful observations but which in truth the

observer has simply made up For example in this study subjects were asked to

fabricate random digits to appear as if they had been produced by lottery

Data Fabrication Destroys Scientists Collegiality as Well as

the Publics Respect

distinguishing mark of science as opposed to philosophy or mathematics is the

reliance upon observation of the phenomena under study and the recording of

these observations as data If two scientists disagree on the interpretation or

conclusions derived from given set of data nonetheless their point of departure is

that same set of data The fabrication of research data is particularly egregious
kind of scientific misconduct because it strikes at the distinguishing mark of the

scientist namely trust in observation as way of arriving at knowledge Further

the entire atmosphere of scientific debate and dispute which is not necessarily

damaged by even acnmonióus or heated debates is completely undermined by
data fabrication The very collegiality of science is based on trust that the

individuals are honestly attempting to report observations This
collegiality is

destroyed in instances of data fabrication But one need not be
scientifically trained

to know that to make up data and to represent these data as the result of

scientific observation is simply wrong to present such data as the result of ones

observation is particularly heinous when policy decisions concerning health care

may be based on them When instances of fabrication are revealed scientific

collegiality is not only diminished but the public perception of scientists as honest

seekers of knowledge is damaged as well

Detection of Fabricated Data May Be Possible Because People Have Difficulty

Making Up Random Numbers

Investigations of scientific misconduct often must address the question kre these

data fabricated Because the usual form in which data are presented is as numbers
the question may be rephrased Could these numbers have been produced by the

experiment claimed closely-related question is Do these numbers show

evidence of arbitrary human choice which might be paraphrased as Did
somebody make up these numbers

One technique used by the ORIs Division of Research Investigations DRI is

based on the uniform distribution of error digits For example consider count like

398717 obtained from scintillation counter where because of the experimental

procedure only the leftmost two or three digits contain information The rightmost

digits can be discarded and the count rounded to 390000 or 400000 without loss

of information In such case the rightmost digits simply indicate experimental

error and may be referred to loosely as error digits It has long been known that

error digits in theory tend to be uniformly distributed Yule 1927 and Preece

1981 discuss the situation in which observers are reading scale and consider

departures from uniformity in many cases to indicate personal preference for

digits Yule also noted approximate conditions for error digits to be uniform the



34 Mosimann Wisernan Edelman

basic requirement being that the dispersion of the numbers be
sufficiently broad.2For example digits may be recorded beyond the

ability of an observer to readscale beyond the
ability of measuring device to be precise or beyond the point atwhich because of experimental error results may be meaningfully repeated Someconditions for digits to be uniformly distributed or approximately so may bedetermined

mathematically Diaconis 1977 Mosimann Ratnaparkhi 1994However more direct approach is to compare the rightmost digits of unquestioned control data from the Same kind of experiment laboratory investigator andtime period as the questioned data with those of the questioned data If therightmost digits of the questioned data depart significantly from uniform distribution while those of the control data do not then there is evidence of someselective factor applying to the questioned numbers
Specifically the selectionmay be due to conscious or unconscious human choice in making up numbersFor example in closed

investigation in which scientific misconduct was foundORI 93-02 the pattern of distribution of the rightmost four digits from fabricated numbers is
distinctly non-uniform while for non-fabricated data from thesame investigator supported by printed tapes from scintillation counter comparable digit distributions are not significantly different from uniform see TableThe distributions for all four decimal places are shown in Figure which is takenfrom Appendix 10 of the ORIs Final Report for this case In this case of knownfabrication the fabricator did not make up appropriately random error digitsbrief discussion of these

findings is given in the OR Newsletter 1993 VolumeNo
page bottom of first column and second columnNot only this investigator but people in general have

difficulty generatingrandom numbers In the course of
fabricating data an investigator may attempt tocreate data to appear as close to the results of legitimate experiment as possibleDetection of such fabricated data may be difficult however by testing for randomness in those

aspects of the data that
represent error particularly where corroborated data from the same laboratory type of experiment and investigator areavailable for comparison it may be possible to detect whether or not given set ofdata has been created by an individual

TABLE Chisquare values for tests of uniform distribution of digitsfor fabricated data and
unquestioned data from ORI Case 93-02

Fabricated data
Unquestioned dta

Chisquare
Chisquare

All
places 939 30.94 .0003 857 11.09 .27Place leftmost 185 34.84 .0001 195 14.28 .11Place middle 250 29.28 .0006 218 9.89 .36Place middle 252 13.24 .15 222 8.72 .46Place rightmost 252 27.13 .001 222 11.33 .25

Digits were tested in four places but no digit that was itself the first leftmost digit ofnumber was included in the analysis
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STUDIES ON THE ABILITY OF HUMANS TO GENERATE RANDOM NUMBERS

Generally people cannot generate random series of numbers see Tune 1964a
1964b and Wagenaar 1972 for reviews although sophisticated subjects who have
some knowledge of the laws of probability and statistics may be more likely to

generate more random series than unsophisticated subjects Chapanis 1953 The
ability of subjects to generate random series of numbers may depend on cognitive
status and on informational processing ability For example Rosenberg Weber

0123456789
DIGIT
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Crocq Duval and Macher 1990 found that normal subjects performed better onrandomization task than did schizophrenjcs who in turn performed better thanalcoholics although it appeared that the alcoholic and normal
groups employedsimilar cognitive processes Other processes such as the level of sophistication ofthe subject the number of items from which selections were chosen time constraints and the age of the subjects may also effect performance on randomizationtasks Tune 1964a

In studies of people attempting to generate numbers the first
digit chosen maydepend on the experimental procedure In spontaneous number-choice situationWinick 1962 tabulated the number of digits recorded on an adding machine on thesidewalk in New York City There were 55375 digits recorded on special machineThe order of frequency from most to least chosen was

demonstrating preference for lower digits This higher probability of selection oflower digits is reminiscent of Benfords Law 1938 in which the first nonzero digitof number in miscellaneous tables is more
likely to be low than high UnderBenfords law the

probability that the first
digit is or less is .7 see for exampleFeller 1966 pages 6263 and also Diaconis 1977 However when Hill 1988 askedeach of 742 students to write down

six-digit number of 740 responses the initial
digit chosen from most to least frequent was and BenfordsLaw was not followed for example the observed frequency of or less was .48 Themost frequently chosen

digit in Hills experiment may have been associated withthe instruction to write
six-digit number Heywood 1972 found to be the most

frequently chosen first digit 49 of 189 and also found preferences for the second
digit choice He noted based on data from five studies which included Winickscited above that

experimental procedure may affect preference
Similarityin the numbers generated by some subjects may remain constant across timeMelendez 1966 asked subjects to generate two series of random numbers Thesame subjects were given the exact task days later Subjects series were moresimilar to each other than they were to random series

People often cannot judge or detect randomness in series of numbers Budescu1987 People seem to have the expectation that chance mechanisms will behave in
self-correcg maimer to produce representative frequencies This is reminiscentof the representatjveness heuristic or gamblers fallacy In coin toss or similargame of chance after heads has appeared ten times in row people will notcontinue to bet on it

There are various hypotheses on the non-randomness of subjects choices One
explanation is that subjects try to use their intuitive

concept of randomness to guidetheir responses but that this concept is faulty and therefore subjects responsesreflect their misconceptions Chapanis 1953 Ross Levy 1958 Another explanation is based on limitations of the subjects e.g limited memory Tune 19Mb orlimited attention Weiss 1964 third explanation is that subjects focus on local
regularity not global regularity Kahneman Tversky 1972 Falk 1981 Lopes1982

The present study has attempted to determine the extent to which human
subjects are capable of

creat-ing numbers randomly Tests of randomness werelimited to the hypothesis that the subjects would not consistently create numberssuch that the digits are uniformly distributed
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METHODS FOR THE PRESENT STUDY

Subjects

The subject pool consisted of 27 undergraduate and graduate students at The

American University and 22 professional scientists and non-scientific administra

tive staff in an office in the Washington DC area Three subjects were discarded

due to missing data leaving 46 subjects in the final sample Human subject approval

was given by the Institutional Review Board of The American University and each

subject read and signed consent form before participating in this experiment

Materials

The survey consisted of four page questionnaire The questionnaire included

one page demographic questionnaire with specific questions regarding age educa

tion and professional experience with regard to statistics and mathematics In the

remaining three pages subjects were asked to simulate the generation of lottery

numbers for 90 days

Procedure

After reading and signing consent form subjects were given the following task

Suppose you are in charge of state lottery and you are required to keep record of the numbers that

were selected in the past year The Governor of the state requests list of the past years numbers from the

lotterys Pick-3 game in which 3-digit number was picked at random each day by machine You note

that the numbers are missing for thirty consecutive days in the records for the past year You decide to

make up thirty random numbers to replace the thirty missing numbers You try to make them look

as much like random Pick-3 numbers as possible Use any digits 09 number may begin with the digit

and you may repeat numbers

Subjects then generated series of thirty 3-digit numbers Subjects were asked to

write the numbers out as if they were writing numbers out for each weekday for six

weeks in row in the process of generating the numbers for each set of 30 numbers

Subjects were instructed that they may begin the numbers with the digit and

that they may repeat digits within number sequence as well as repeat numbers
After this task was completed subjects were given similar instructions and asked

to generate thirty 3-digit numbers using only the digits 02 Finally subjects were

again asked to write down thirty 3-digit numbers using the
digits 09 Subjects

were asked not to return to the previous sections when selecting each set of 30

numbers

Statistical Analysis

Programs written in Turbo Basic and in SAS were used to prepare the data for

analysis Maximum Likelihood estimation of the parameters of the Dirichlet
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Multjnonijal distribution Mosimann 1962 1963 and Appendix was accomplished using an iterative procedure written in Turbo Basic Most statistical anal
yses were performed using SAS All calculations used Dell 486D personal cornputer For future use by others the frequencies of digits for the 46 subjects are listedin Appendix

VARIATION AMONG SUBJECTS ABILITY TO PRODUCE RANDOM DIGITS

Successful Production of Random Digits Was Measured
by Chisquare Probability

The randomness of the
triples of numbers produced by subject was examined bymeans of the frequency of the digits Each subject produced 60

triples The respective frequencies of the digits were determined for the 60 digitsin the third leftmost place the second middle place and the first rightmostplace Additionally the overall frequency for all 180 digits was found illustrated forthree subjects in Figure These frequencies were tested for uniformity by meansof Chisquare goodness of fit test with degrees of freedom The probability ofeach Chisquare statistic four for each subject was recorded These probabilitiesthemselves were used as measure of subjects ability to produce randomnumbers

The Successful Production of Random Digits Did Not Differ by Sample Nor byOther Attributes

There were no differences between subjects in the two samples university versusoffice in their
ability to generate series of random numbers see Table For thiscomparison failure to generate random riumbers was defined by significantdifference from the uniform distribution Chisquare .05 For the first sampleand based on all 180 digits per subject .14 of 24 subjects produced nonrandom

digitdistributions for the second sample 12 of 22 subjects produced nonrandom distributions There was no difference in the proportion of nonrandom distributions forthe two samples .8 Three similar analyses based respectively on the 60
digits for

subjects 1st 2nd and 3rd place choices showed no difference in the
proportion of subjects producing nonrandom distributions all three ps 0.52

Corresponding analyses of the overall frequency distribution of 180 digits foreach subject revealed no differences between those
subjects with scientific

trainingand those without scientific training .26 or among those who had or had riot
completed college level math class .88 or completed college level statisticsclass .51 No differences were revealed between those subjects currentlytaking or not taking math class .95 or statistics class .99 at the timeof the experiment In addition those

subjects who had completed graduatedegree were no more likely to generate random series of digits than were those
subjects who had completed an undergraduate or high school degree .34Thus the level of sophistication of the subjects in this sample did not affect their
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TAet
Chisquare probabilities for the overall

frequencies 180 digits for each of the 46 subjects
for the two samples

Sample 24 Sample 22
p.05 10 10

p.05 14 12

Note Chisquare ldf 0.067 .8 Sample under
graduate and graduate students at The American University
Sample piofessional scientists and non-scientific adminis
trative staff in an office in the Washington DC area

performance on the randomization task Again none of the three associated
analyses based respectively on the 60 digits for subjects 1st 2nd and 3rd placechoices showed

significant difference between the two samples

Subjects Were Most Successful for the Leftmost Digit

The nature of the task assigned to subjects implied not only that the overall digitsin the
triples of numbers should be uniformly distributed but also that the

digits ineach of three places should be uniformly and independently distributed Because
of the decimal system digits to the left determine the magnitude of the resultingnumber triple more than

digits to the right This fact influenced the subjects
abilities to generate uniform distributions of digits

Under the null hypothesis that each subjects sample of digits is sample from
uniform distribution on the resulting goodness of fit statistic has
approximately Chisquare.disthbutjon with degrees of freedom Further the
corresponding Chisquare probability has approximately rectangular distribu
tion on the interval Given the independence of the goodness of fit statistics
over subjects the 46 probabilities are under the null hypothesis sample of 46
independent observations from

rectangular distribution on the interval
Briefly if all 46 individuals were generating random digit distributions the corre
sponding Chisquare probabilities should be distributed smoothly across the inter
val

Figure shows what could already be inferred from Table the null hypothesisthat all 46 subjects are producing uniform overall
digit distributions is not tenable

Far too many subjects have low Chisquare probabilities indicating digit distribu
tions departing from uniform and the distribution is clearly not rectangular Next
Figure reveals the effect of

digit place upon the
ability to produce uniform

distributions The third leftmost place has distribution that is much closer to
rectangular than the other two places

The results illustrated in Figure are consistent with subjectsbeing most atten
tive to producing uniform distribution of digits in the leftmost place As noted
above tJ.e digit in this place is the most significant determinant of the magnitudeof three digit number The results indicate further that subjects were unable tomaintain this attentiveness beyond single place The distributions for the middle
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TABLE Ill Frequencies of Chisquare probabilities for

places to 60 digits for each of the 46 subjects

p.05 .O5p.l p.l
Place leftmost 34

Place middle 19 23

Place rightmost 18 24

and rightmost digits both deviate in the same way from rectangularity Each
exhibits preponderance of subjects with low Chisquare probabilities distribu
tions departing from uniform Table gives summary of the distribution of

subjects by Chisquare probability

The three respective probabilities for 3rd 2nd and 1st place digits for each

subject were used in statistical tests of differences in the Chisquare probabilities
Three differences were obtained place minus place place minus place and
place minus place These differences were then tested to see if subjects per
formed better for place than the other two places For example if subjects perform
better for the third place than the second place then the difference place minus
would be significantly positive Nonpararnetric sign tests based simply on posi
tive or negative differences gave the following results 3-2 3.24 .0006
3-1 3.24 .0006 2-1 .5 Paired t-tests based on the magnitude of

the differences but whose underlying normal assumptions are less likely met here
give comparable results 3-2 3.89 .0003 3-1 3.09 .0034 2-1

.54 .59 These results show that subjects were significantly better in

producing random digits in the third leftmost place than in the other two places
and that there was no difference in such production for those two

Success at One Place Was Not Associated with Success at Another

Finally there was no evidence that subjects who did well at one place did consis

tently well or consistently poorly at another place In fact the subjects Chisquare
probabilities for the three places are not correlated with .17 .26
with .004 .98 with .03 .83 Specifically successful

production of random distribution for the third place was not associated with
successful production at either remaining place This supports the notion that

subjects were able to be attentive to the digits they were writing for at most one

place

VARIATION AMONG THE DIGITS CHOSEN BY SUBJECTS

The Unequal Selection Of Digits

The subjects did not select all digits equally For the 180 digits produced by
subject the number of times each digit was selected was recorded For
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TkBLE IV Descriptive statistics for the frequency

with which each digit was selected

Digit Minimum Maximum Mean Std Dev

46 34 16.7 7.06

46 10 46 24.7 7.24

46 10 33 21.5 5.53

46 31 19.0 4.82

46 27 17.3 5.70

46 22 13.9 4.80

46 29 17.4 4.94

46 26 16.9 4.34

46 24 15.4 4.41

46 33 17.1 5.83

example the number of times was recorded is denoted by FreqOand similarly

for the other digits Across the 46 subjects there are then 46 values of FreqO etc

Descriptive statistics for these variables are given in Table

For example in Table it is seen that some subject chose only three times out of

180 possible times It is also noted that Digits and were chosen most often
and that at least one subject used

digit forty-six times There were 8280 digits
chosen in this study From Table the order of digits from those chosen most to

those chosen least was 23 64 70 Overall only the digits and had
means exceeding 18 As noted above in Winicks 1962 relatively unstructured

experiment the order was Our experiment was more
structured and produced similar results

Table gives the mean frequencies over the 46 subjects for the three separate

places In both the rightmost and leftmost places the digit zero has low mean
indicating that subjects tended to avoid numbers beginning or ending with zero

TABLE Means over 46 subjects for the frequency

with which each digit was selected

Leftmost Middle Rightmost All

Digit Place Place Place Places

4.6 7.2 4.9 16.7

7.3 8.5 .8.8 24.7

7.5x 7.4x 6.7x 21.5x

6.9 5.5 6.6 19.0

5.9 5.8 5.6 17.3

5.3 4.4 4.2 13.9

6.5 54 5.5 17.4

5.6 5.0 6.3 16.9

4.8 5.1 5.5 15.4

5.5 5.7 5.9 17.1

For the first three columns values above 60110 are

indicated by an for the last column values above 18

180110 are similarly indicated
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The three most frequently chosen digits are Leftmost 123 Middle 012 Right
most 123 Thus excluding beginning or ending zeros subjects chose the three

lowest available digits with higher frequencies than the others In only two other

instances were other digits chosen above the average in the leftmost place and
in the rightmost place The choice of the lowest available numbers is consistent

with the natural manner of counting upwards rather than backwards

The results in both Tables and are consistent with Winicks 1962 experiment
in which lower digits were chosen more frequently than higher digits

No Strong Correlations Among Subjects Digits Choices Were Found

The question of correlations among subjects choices of digits was examined To do
this with this type of data it is necessary to consider that under reasonable null

hypotheses the expected correlations of the numbers of digits chosen are not zero
but negative Suppose subject chooses 180 digits as done in our experiment
Further suppose the total number of times denoted that the subject chose one

of the first nine digits either or or is known Then necessarily the

number of times the remaining digit was chosen is the difference 180-T

Patterns of correlation across subjects were evaluated by first estimating the

parameters of Dirichiet-multinomial mixture distribution Null model and then

using Fishers z-transformation Dixon Massey 1983 224 to test an observed

correlation from the estimated null model correlation for an explanation of the

method see Appendix Eight of the 45 pairwise comparisons gave significant

results at the .05 level of significance The most marked difference was positive

association for choosing and Based on the pairwise differences the possible

general pattern was negative association of choosing with choosing digits

and negative of digit with and positive among and These associations

may be driven by the relatively large variation in subjects willingness or not to

choose the digit The digit has relatively the largest variance across subjects

ratio 3.3 in Table A2 and the second largest sample variance 49.8 in absolute

terms across subjects

DISCUSSION

In this study subjects were asked to fabricate
triples of random numbers to appear

as pick numbers from lottery Randomness was evaluated only in terms of the

resulting digits being uniformly distributed Serial properties of the numbers such

as preference for particular digit to occur after another specified digit were not

examined Many subjects were unable to produce uniformly distributed digits

Subjects however were most successful at producing uniform digit distributions

for the leftmost place The leftmost place most determines the magnitude of the

number represented by the
triple

of digits and relative success in that place may
reflect conscious or unconscious attentiveness to magnitude Success at one place

was not associated with success at either of the two other places
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No strong correlations among subjects digit choices were found but those that

were found are possibly explained by subjects willingness to choose or not to

choose the digit Subjects did not select all digits with equal frequency Of the

total 8280 digits generated the order of digits from those chosen most to those

chosen least was Overall only the digits and had

means exceeding 18 the number expected under uniform distribution For each

of three places 2760 digits were chosen For the leftmost place the three most

frequent digits from most to least were This same order was found for the

rightmost place however for the middle place the three digits chosen most fre

quently were in order Thus subjects tended to avoid leading leftmost or

terminal rightmost zeros Winick% 1962 relatively unstructured experiment also

showed an avoidance of zero in spite of the fact that the machine he used had keys

favoring zero with one keystroke it was possible to enter either two or three zeros

simultaneously Our results are consistent with those of Winick although our

experiment was more structured and encompassed specific scenario of fabrica

tion

Our results indicate that many subjects cannot generate uniform distributions of

digits even when consciously attempting to do so They also demonstrate that

more-educated including statistically or mathematically sophisticated subjects

did no better than other subjects in generating such distributions In conclusion

even if data-fabricator were aware that seemingly unimportant error digits would
be examined for uniformity successful construction of uniform digit distribution

may not be achieved Additionally if subjects cannot product uniform digits when

attempting to do so how would data fabricator succeed in producing uniform

error digits where the fabricators attention is concentrated on producing num
bers with desired magnitudes i.e leftmost digits in order to represent the empiri
cal result to be falsely reported The

difficulty
that people have in creating uniform

error digits supports the utility of examining such digits in investigations of

scientific misconduct

APPENDIX

For single subject the expected correlations of counts under model of no
interesting association are those of the multinomial distribution Let the prob

ability that subject chooses one of the digits be respectively po Pi
p9 If the latter probability vector remains the same for each of the 180

choices made by the subject and if the 180 choices are independently made then

the numbers of times each digit was chosen denoted x0 x1 x9 would fol

low multinomial distribution Figure Al and the expected correlations among
counts would be negative Figure A2 Thus even in this null situation where

there is no change in subjects probability vector from the first choice to the 180th

choice and there is no dependence from choice to choice the expected correlations

are negative

multinomial distribution of digits can arise whether or not subject is choosing

digits atrandom subject whose probability vector po Vio
has the same probability of choosing each digit but subject who avoids but
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Probability mass function and moments of the multinomial distribution the

within-subject distribution

pxI...xjpt...pknnFJEL xOl...n j1...k pixn
j_txj j1 i-I

EX1np VarXnp1p3 j1...k

COvXXjflPmPj jl...k m1...k mJ

Density function and moments of the null-model Dirichiet distribution the

mixing or between-subject distribution

pO jL...k p1

EP VarP EP1 EPCD 1...k CD

IAI
JI

COVPmPj_EPmEPCD j1...k m1...k mj

Probability mass function and moments of the Dirichiet-multinomial distribution

the resulting null-model mixture distribution

_______
rx

rn.%iji1
Xj

______EX nEP VarX nEP1 EPJCM 1...k CM

jAi

COVXmXjflEPmEPCM j1...k m1...k mj
denotes the Gamma function see Figure A3

Figure Al Probability mass or density functions and moments for the multinomial Dirichiet and

Dirichiet-multinoinjal distributions

favors has /io and P1 Via For example such subjects probability vector

might be /20 /2o Via Via Whatever subjects probability vector if it remains

the same for the 180 choices and those choices are independently made then the

multinomial distribution applies

But different subjects avoid or prefer different digits and therefore the under-

-lying probability vector will vary from subject to subject Subjects equivalently
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The correlation of counts Xm and X1 under the multinomial model

CorrXX1 j1...k m1...k mj
141_p111-p1

The correlation of counts Xm and under the Dirichiet-multinomial model is the

same if the Expected probabilities over subjects replace the constant

probabilities of the multinomialmodel

EP EP
CorrXXJ_JlEPlEp j1k n1...k mj

Note that this last expression in terms of the parameters A1..J is

EP_EP1 ji.. m1...k mj
1- EP1

Figure A2 Correlation coefficients of counts Xm and under the multinoinial and Dirichlet

multinomial models

probability vectors may be thought of as sampled independently from some

underlying statistical distribution For example the 46 subjects in this paper could
be considered as random sample of 46 probability vectors from an underlying dis
tribution the mixing distribution that describes the between subject variation

in digit-preferences that is in probability vectors Pa Pi p9 If subsequently
each subjects 180 digit-choices follow multinomial distribution so that the with
in subject variation is that of the multinomial distribution then across subjects
the distribution of numbers of digits is mixture of multinomial distributions

The Dirichlet-multinomial distribution Figure Al occurs when the distribution

of the subjects proportion vectors follows Dirichiet distribution4 The Dirichiet

multinomial affords null model for correlation coefficients where the variation

across subjects is essentially uninteresting Mosimann 1962 1963 1970 James and
Mosimann 1980 All the pairwise correlations are negative and are the same as

those of the corresponding multinomial distribution where the constant multi
nomial probability vector ps Pi p9 is replaced by the vector EP0 EP1

EP9 of expected values of the probabilities across subjects Figure A2
Maximum likelihood estimation of the Dirichlet-multinomial parameters was

performed using an iterative procedure see for example Campbell and Mosi
mann 1987 who used similar method with other Dirichiet models An approxi
mate procedure using the z-transformation Dixon Massey 1983 224 was
used to compare observed correlation coefficients with those of the Dirichlet

multinomial the latter based on the maximum likelihood estimates The maximum
likelihood estimates of the parameters of the Dirichlet-multinomial distribution are

given in Table Al It is seen that the estimated proportions under the Dirichiet

multinomial model are very close to the observed proportions Under the Dirichlet
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TABLE Al Maximum likelihood estimates of

the Dirichiet-multinomial
parameters

lambdas and corresponding proportions

Lambda Estimates Observed

estimate proportion proportion

FREQO 17.94 .091 .093

FREQI 26.88 .136 .137

FREQ2 23.65 .120 .120

FREQ3 20.95 .106 .106

FREQ4 18.89 .096 .096

FREQ5 15.25 .077 .077

FREQ6 19.17 .097 .097

FREQ7 18.69 .095 .094

FREQ8 16.95 .086 .085

FREQ9 18.71 .095 .095

multinomial model each variance is the same multiple by the constant CM of

Figure 1A of its multinomial-type variance The estimated constant is 1.904

Table A2 contrasts the observed variance with estimates of the multinomial-type

variance and the Dirichiet-multinomial variance

Figure A3 contains the equations for the likelihood and its derivatives Tables A2
and A3 contrast the observed covariance matrix and the estimated covariance

matrix under the Dirichlet-multinomial model

TABLE A2 Comparison of observed variance

with the corresponding multinomial-type variance

based on the mean proportions over subjects

Dirichiet

Observed Multinomial- rnultinomial

variance type variance Ratio variance

OIM DIM 1.9

FREQO 49.8 15.0 3.3 28.4

FREQ1 52.5 21.2 2.5 404

FREQ2 30.6 19.0 1.6 36.2

FREQ3 23.2 17.1 1.4 32.6

FREQ4 32.5 15.6 2.1 29.7

FREQ5 23.1 12.9 1.8 24.5

FREQ6 24.4 15.8 1.5 30.1

FREQ7 18.9 15.5 1.2 29.4

FREQ8 19.5 14.2 1.4 26.9

FREQ9 34.0 15.5 2.2 29.4

The common ratio under the Dirichlet-multjnomial model based on the

maximum likelihood estimates is 1.9 DIM in the table D/M here is

denoted in Figure Al To the accuracy shown 1.9 is also the average

of the ratios in the column labeled OJM The ratios in this latter column

are the same to the accuracy shown whether estimates of the

rnultinomial-type variances column were based on the observed

proportions or on the estimated lambdas Table Al
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Natural logarithm of the Likelihood function for subjects

lnL lnrn lnconstant
iI jl iI j1 j1

Partial derivatives and second order partial derivatives of the likelihood

function

dlnL

A.i_WAi 1...k

d2lnL

wt.JJ_f1nt.ei l1...k m1...k ml

Here in denotes the natural logarithm denotes the Gamma function

denotes the Digamma function and denotes the Trigamma function

Defmitions and properties of the last three functions may be found in Davis

1964 253 et seq.

Figure A3 Expressions used in the maximum likelihood estimation
of the parameters Xl

of the Dirichiet-multinoinial distribution

Dirichiet-multinomial probability mass function for choices by the ith subject

xO1...n A1O j1...k

xn i1...N
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13

11

10

APPENDIX Digit selection by 46 subjects for the leftmost place

SUB FREQO FREQ1 FREQ2 FREQ3 FREQ4 FREQ5 FREQ6 FREQ7 FREQ8 FREQ9

10

ii

10

11

10 10

11

10

14

10 11

12

15 10

10

14

12

12

11

10 11

11

10

11

14

11 14 10

10

10

10

12 10

10

11

11

5.3
11

10

12

10

11

.7

.8

10

11

Subject ID numbers differ from their study numbers and the order of listing bears no relation to membership in

sample br
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APPENDIx Digit Selection by 46 Subjects for the Middle Place

SUB FREQO FREQ1 FREQ2 FREQ3 FREQ4 FREQ5 FREQ6 FREQ7 FREQ8 FREQ9

15

13

11

12

10 10

14

10

10

10 10 10

11 11

12

13 12

14 12 10

15 12

16 12 11

17 12 11 11

18 11

19 20

20 12 13

21 10

22 10

23

24 10 10 11

25 18

26

27 12

28 11 13

29 12 10

30

31 16 12 10

32
10

33 21

34 10 15 12

35 11

36 13

37 11

38 12 16 11

39

40 10

41 11

42 18

43 24

44 11 10

45 19 12

46
12
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APrENDIX Digit Selection by 46 Subjects for the Rightmost Place

SUB FREQO FREQI FREQ2 FREQ3 FREQ4 FREQ5 FREQ6 FREQ7 FREQ8 FREQ9

14 11

11 10

11

16 11

15 10 11

11

10

10 16

11 15

12 18

13 15 .5

14 10 10

15

16

17 12 10

18 10

19 11

20 10 10 11 11

21 12 11

22 11 10

23

24 13 10

25 19

26 12

27

28 10 10 10

29 10

30 12 10

31 10

32 12

33

34 10

35

36

37 12 12

38 19

39 13 10

40 10

41 10

42 .3 10

43 11

44 13 11

45 11 15

46 12 11
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NOTES

Misconduct in science is commonly referred to as fraud But most legal interpretations of the term

fraud require evidence not only of intentional deception but also of injury or damage to victims

Proof of fraud in common law requires documentation of damage incurred by victims who relied on

fabricated or falsified research results Because this evidentiary standard seemed poorly suited to the

methods of scientific research misconduct in science has become the common term of reference in

both institutional and regulatory policy definitions National Academy of Sciences 1992 25
Yule stated 1927 page 572 it is obvious that the measurements available must cover range
considerable as compared with the unit represented by the final digit or the frequency distribution of

final digits will be affected by the form of the distribution of the measurements themselves

The respondent in this case admitted to fabricating these data
Additionally physical evidence

proves
that the counts were fabricated The critical spots were not cut out from the experimental plates and

therefore were not counted in the scintillation counter Scientific misconduct was found and the

respondent signed voluntary exclusion from receiving federal funds for two years
The Dirichlet distribution cf Figure Al was referred to as the multivariate beta distribution in

Mosimann 1962 1963 and there the multinomial distribution compounded with the multivariate

beta distribution refers to DirichlØt-multinomial mixture in todays terminology This mixture

is also form of the negative hypergeometric distribution Patil Boswell Joshi and Ratnaparkhi 1984

page 106
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ScintilLation Counts

3/24/00

units 224
tens 124
hundreds 215
All 563

ctrl 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3 6.3

chi sq

units 0.888136592

ens 0337161966

hundreds 0637119423

All 0.70289624

3/31100

units 724
tens 321
hundreds 00 212
AU 04 1257

clii 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1

1.2 1.2 12 1.2 1.2 12 1.2 1.2 1.2 1.2

5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7

chi sq

units 6.110952168

tens 0.52935461

hundreds 0.53414624

All 0.07102258 chance 14 tiles

3/28/00

units 324
tens 015
all 339

clii 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9

chisq
units 0.337161966

tens 6.060238672 chance in 16.6 tries

all 0.119615115

3/27100

units 323
tens 112
all 435

ctrl 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3

1.2 12 1.2 1.2 12 1.2 1.2 1.2 1.2 1.2

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

chi sq

units 0.158710889

tens 6.706148716

all 0.464055201

Grand Total

all all 26 14 25 17 18 17 24 14 15 24 194

clii all 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4

chi sq alt 6.293789705
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sue Culture Model Radial Res 152 8897 1999

new in vitro multicellular cluster model has been devel

oped to assess the impact of nonuniform distributions of ra

dioactivity on the biological response of mammalian cells and

the relative importance of bystander effects compared to con
ventional radiation effects Chinese hamster V79 cells are la

beled with tritiated thymidine mixed with unla

beled V79 cells and centrifuged gently to form multicellular

clusters about 1.6 mm in diameter The short range of the 3H

f3 particles effectively allows only self-irradiation of labeled

cells and no cross-irradiation of unlabeled cells The percent

age of labeled cells is controlled precisely by varying the num
ber of labeled cells mixed with unlabeled cells prior to assem

bling the cluster The clusters are assembled in the absence

presence of 100 1.iM lindane chemical that is known to

inhibit formation of gap junctions After the clusters are

maintained at 10.5C for 72 the cells are dispersed and

plated for colony formation In the case of 100% labeling the

survival of cells in the cluster depends exponentially SF
e41 on the cluster activity in kBq and lindane has no

effect on the response two-component exponential response

is obtained for 50% labeling in the absence of lindane SF
0.33 0.67 lit and lindane has marked effect

on the response SF 0.33 eA6 0.67 e41416 These data

suggest that bystander effects play an important role in the

biological response of V79 cells when the 3H is localized in the

cell nucleus and distributed nonuniformly among the cells In

contrast bystander effects cannot be detected above tradi

tional radiation effects i.e direct indirect when the 3H is

localized in the cell nucleus and distributed uniformly among
the cells These results indicate that this multicellular cluster

model is well suited for studying the effects of nonuniform

distributions of radioactivity including bystander and hot-

particle effects Furthermore these results suggest that by-

Author to whom correspondence and requests for rvnrini should he

addressed

EXHIBIT

188

stander effects may play an important role in the prediction

of the biological effects of radiopharmaceuticals used in med
ical diagnosis and treatment I9 by Radiation Research Society

INTRODUCTION

Over the past several years there have been several re

ports that cells that have received no radiation exposure

suffer biological consequences when they are in the pres

ence of cells that have been irradiated 15 This phenom
enon has been termed the bystander effect Nagasawa and

Little used acute external beams of particles to irra

diate monolayers of Chinese hamster ovary cells with low

doses These exposures led to the formation of sister chro

matid exchanges in 3050% of the cells despite the fact

that statistically only about 1% of the cell nuclei could have

been traversed by an particle They concluded that ge
netic damage can be imparted to bystander cells when
cell populations are exposed to low doses from particles

Similar observations were made by Deshpande et

Azzam et studied the mechanisms of the bystander

effect by showing that the expression levels of TP53
CDKNIA CDC2 CCNB1 and RAD5I are significantly

modulated when human diploid cell populations are irra

diated with low doses of particles where only small

fraction of the nuclei are actually hit They also found that

the extent of modulation was significantly reduced when

lindane an inhibitor of gap-junction intercellular commu
nication was present during the irradiation period

These data suggest that gap-junction intercellular comrnu
nication may play an important role in the bystander effect

While the studies described above involve the use of

particles Mothersill and Seymour have irradiated cells

with
-y rays to study the bystander effect In this case the

gap-junction inhibitor phorbol myristate acid actually in

creased killing by the bystander effect Based on these data

they suggested that signal transduction mechanisms as op
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MATERIALS AND METHODS

kilni/unoc -at ciiul joiinet/u-ilio o/ liothoiuiiijir

lrttiatcd thvnitd tie IdI hd was obtained Irtitit NEN L0e Science

Products Bi ston MA as ii
sterile aqueous solution at concentration

01 37 Buj/iiil and specilic activity il 3010 Gl3q/mritol The act vity

at Il was ticasured with Beckittan .S300 automatic liquid scintilla

11111 cutter Fullerton At by transfcri-ing aliquots of radioactive culture

nicdiuitt into ml of Aquasol liquid scintillation cocLtail NFN Re
search Products Boston MA iic detect ion

cflicieiicy fir the 5.7 keV

particles eittitted by was t.65 Ilic radioituclide has physical

liallluIc of 12.3 years and emits particles with mean energy 01 5.67

keV /0 corresponding to mean raitge
in water of about ini

4/ tine

Chinese h.itttster V7t luite libtohlasts
kittdly provided by Kas

si Harvard Medical School Bostoii MA were uscd in thc piesutit study
wtth clottogeti ic survival

serviitg as lie biological cud poitit V7 cells

are ktiowit to exhibit sottic degree of gapjunction intercellular cotlitnu

nicatton at 37C /2 /3 The cells were cultured in minimum essential

ntctliuiut IMFM
stilupleuneittcd with lIP heatinactivated 57C 31 iitiit

letal call serutit with mM
i.glutauttiutc 51 U/mI penicillin and 50 pg/

ntl
streptotttvcun MEMAt The ph-I ii the culture tiiediuutt was adjttstcd

to with NaHC All utiedia and supplettueuits used in this study were

frotti l.ilc Fclttiologies Grand lslautd NY elI were uttaititaitted in

75cut- Falcoti steut Ic issue culture husks Becton Iickitison Litucolti

Park NJ at 37C utid 5% CO 95 air and were suhcultured twice

weekly or as required

/ai/wli/uiini aiui tx.teii//r of Mu/ti el/u/ar Iu.siees nil/i 50
el/v Label ru

79 cells growing as ittoutulayers iii 75cuti Falcon flasks were

washed with nil of pliosphutehtilluie.l saline urypsinized with tLO54

trypsin0.53 mM ElTA and suspended at 10 cells/nil in calciutti

lice MEM with lIP heatinactivated 57C 31 huh %tzil call seuunu

mM t.glutanuine 51 hJ/itil peuuucill in and 51 pgfnil streptumyciut

MEMI3 Aliquots ol nil were placed in two sets of sterile 17 110

tint Falcon polypropylene roundhotionu culiuue tubes 10 tubes in each

Unlabeled Radiolabeled
cells cells

2x106 2x1O

/4
1o6 cells

FIG Assenibly of ittuli cellular clusier of V7 cells ifi which 50
ol the cells are radiolaheleij with I-I JdThd

set autd placed ott rockerroller tFislter Scieittilic Spriglield NJ hi

3-4 Ii at 37C ni an atitiosphere- of 95 air and Alter this

conthituonntg peinid nil of MFMI3 cotitainiitu various activity concen

trations ll296 Ml3q of Idlhd was added to the lOst set of culture

tuhes contaunitig tuil uI 79 eel Is Ott
ly nil of FM 13 was added to

the other set oI tubes All tithes were hen reittrned to the rockerroller

at 37C 95% air and 5/ 0. Alter 12li period of labeling with

radioactivity the lirsi set ut tubes wet reitnivcd and centrifuged at 201111

rpm at 4C hir miii Aliquots of the
supertiataitt were used to check

the coneentratiotis oh rauliouict vity added he cells were washed three

nines with 10 nil iii MEM with 1IP4 heatitiactivated 57 31 miii call

serum mM t.glutattuine 51 Fl/mI penicillin and 51
.vg/iuil sttepttitilyciti

wash MEMAt The cells in the second set of tithes uuilaheled were

similarly washed and the contents of
gi vot tube transferred to umuic iii

lie lit-st set of tubes conmaitlung rtmdioltiheled cells Finally lie
puuumled

ccl Is iii each tube were stishieiideul iii 4111
it FM or 1.5A MS

Sigttia Chemical Co. St .ouis itt MEMA or 0.5% DMSO 111

1j_M lindaute hexaclmlouocyclohexane yisoutuei Inuii Sigutia and mu ans
len-ed directly to sterile 4Oliil polypropylene niieriicetitri tuge tube

with attached cap 1-leleuta Plastics San Ralael CAt Fig The cuiui

cenliution of lindane i.e 111 1iM was selected based uiit separate stud

as described below autd lMS served as euuiitrmul lou litidamue 1he 411

sJ tubes wet-c centtrilugcd at 11t
rpiiu hr itiiii at 4C to hiruti uttul

micehlular cluster -- 1.6 nini iii duatiietet- llie resulting clusters contaiited

total ot 11 cells of which SIP were labeled tl.ig The cupped

posed to the release of factor that is directly cytoloxic

may control death or survival dite to the bystander effect

The studies of Nagasawa and Little Deshpande ei

and Mothersill and Seymour raise interesting

potnts regarding the biological effects of ionizing radiation

in particular the bystander elThct As rioted by these authors

and others the bystander eflcct is particularly rel

evant to the hot-particle problem as well as the biolog
ical eftØcts of incorporated radionuclides in general How
evet there remain several aspects to he addressed such as

Wha is the significance of the bystander effect com
pared to the overall effect to the cell when it experiences

damage from both bystander and traditional radiation ci
kcts i.e direct indirect Can bystander effects be

observed in three-dimensional tissue models Do by
stander effects indeed result Irom nonuniform distributions

of radioactivity If so what types of ionizing radiation

produce significant bystander effects The present work at

tempts to address some of these questions using novel

three-dimensional cell culture model and precisely coil

trolled nonuniform distributions of incorporated radionu

clides to deliver radiation exposures

Multicellular

Cluster

io cells



90 RAPII Of4N1t INlAliN

nticriiceiiiriliiee tIthCs ctifltiiiiiii tIti clusters were placed iii perltiIi.I

itliciocetttflluue tube rack and tiaitsierrcd to relrigcratur at l1.5C lltis

ictitperatutc was selected because V7 cells can retiiain iii the cluster

cunhiguiation at this
tcntperiiture

Rn ion periods up ii 72 withnit

decrease in plaiin el icteitcy rhus was also true ui V79 cells iii sus

pension
culture /4t lheretoie the cells accuttiulate the peliimdeiahicc

01 their radioactive decays while the clustet coflhiguiation as opposed

to the radiulaheling and cokiuyForrtting periods Afieu 72 at l0.5C

the supcrnatant Was caietullv reiiioved ziuitl the tube was voriexed to us

perse the cell cluster The cells were resuspended in MIMA iraitsleired

to 17 Iittnt Falcon polypropylene tubes washed three tiutics with

Ill ntl ol wash MEMA iesuspendetl in iii ui MEMA passed througlt

.eatlyc needle live tirites to dispeise cells and serially diluted lour

dilutions and itil or the appiopriaie diluiioits tapproxi tialely
200

cells or control tubesi was seeded iii tiiplicate
otto iO 5otto Falciut

tissue culture dishes lhe dishes wcuc then placed in an iiictihtutoi at

with 15A air aitd 54 1. Aliqttots weic taken lrouii each tube belore

serial diloijoit uitd the itican iadicizictivity pci cell was dcieroiiited 1/5

The tissue cultuie dishes were ieuitovecl rum the incubator alter week

and the estiltoot colonies were washed tones with nornizul saline uitd

dines wnh ttiethariol and hinally stained with tt.05/ crystal violet lIte

coloitues were counted under lluoicscent light cnnloity cotitit or 25 250

was consudeted as valid data
poiuut br cinch tissue culture dish The

survivnln lrtictioit cotttpaied 10 the
patzulhel

coitiiol was detcritnined or

each radioactivity coitccittrutioit employed

/nnlouroc lit 010/ /limutni too lit aid o/ LiniIar

Multicellular ltstCIs weie puepttcd wlteteiti 50i oh the cells were

labeled witlt fixed activity concentration uI II dThd l4X MB4/tnl as

described above The clusters weie uiainiained at 0.5C for 72 It iii the

lteikc ol 21201 iM oh liitdatte un achieve this lindaute was lirsi

dissolved in lMS inn/intO liltered throunlt
ti

MillcxllV lilter Mu
ltpotc ttipntatioit l3cdhntd MAt and subsequetttlv diluted with MEMA
to total cottccitttatnolt 20 211 pM linditnie It 5s lMSO Parallel cotu

iruls were cstabltshcd whicic clttsters ol uttlabeled cells wetc tttaitttaitied

at the sattie coneentrttttotts uI liitdane with l.5% lMSO lhus lor each

ccnnccittiaticlnt of ltndanc two tubes wcic lnepiredoute ltavtnn ii cltister

ol racltnlabelud cells 50 and one hiavitun cluster uI unlabeled cells

Atteu 72 It the cluster wits disiuiatttlcd lie ituetiti activity pet cell wa
detcrittiitcd_ aittl the cell stirvival was cotitpaucd to that 01 its nttitched

control ustnn the procedure outltttcd above

A.tsciiih/i ci/ Mo/ine//t n/al /uvun ItO/I /ilPi Rnu/iolohcIeil n/L

Multicellular clusters tn which 1110 ol the cells were iadiolaheled

weue assentFded usinu the cells prn.pziued as above In short nI oh

MEMB coitiaining duhIereutt concentrations ui radRuiuetivity was added to

culture tubes cotltaitttttn nil ol couttlittoned cells III cellst Hall

of lie concenitiattnits used for the SOil lahchttini experititent were used to

tnaitttaitt inpptoxintatelv tlte sante clusici activity Alter alt iitcubatiott pe
riod uI 12 It at 37C in an atuttosphiete oh air and 0. the

radiolaheled cells lOt were washed as above suspended ui 400
p.I

ol MEMA .55il lMS itt MEMA or i.5Pil lMSOlO1 LM lindane

itt EMA and transferred to 41 lUu_I tuticroceniri lunge tube atnd centri

lugcd as desert bed above II Ic lit ictocetitru huge tubes cOntaining due cell

clusters were nlaitttiui ted at 11.5C br 72 In alter wlticlt the surviving

lrtictiont ot cells was detcrnnnieul as described above

Respaitse a/ Mnliac//tila /nsici.v 10 /tl 1111 01111 Acute LV/0.Vttle

Eviena/ Rovs

Microcentriluige tubes
cointaininig

inuiltuuellular clusters prepared with

11 inn labeled cells as descruheul above weie iianslerted to rd rot

cuatcnn at 10.5C The tubes were plttccd
al dttlcreni distances hour 171

MBui Cs source housed ot sitinll staiuiless steel capsule Iwo couitinnl

tubes were stnuilarlv utuiututtttuuiccl at 10_SC wtthunnut radiation cxposttie

lhe euntu Riled absorbed dose to tIne irradiated cells was unnetustuied tusi
ttg

ThutnsonNiehson tOttawa aniudan iunitiuutuuie MOSFET dcnsiniteier sys

tent Alter 72 In oh chronic irrthe cells were procesed ins ule

scruhed tuhtnve to determine lie surviving hraetioit Cutinu lated doses of

2.4 to 12.7 Gy wet-c delivered over 72 at dose rates Irorn to eGy/

In depeitdt rug out the distance runt the source The response of the mul

ticelluular cluster to acute Cs rays wits also studied
iraintainitig

ideititcally prepared multicellular chtjsters at 10.5C or 72 hi atid them

irradiatitig them acutely at the same temperature in Shepherd Mark

irradiator Sati Fernando CA The acute dose rate was 11.7 Gy per

minmuuie umud total doses ranged frtniut to 12.5 Gy Alter the acute irma

dizni tomt due cells were processed as above and the suurvivittg Iractdnn wits

determined
cnntrtpared to litr uunirradiated control cells

di1i./tnnnIioitü/ /itwtrc/Inc/cir onnonunincgIion tt /0.5C

The scrapeloading and dye transher technique ut ElFniuly et a/

wis used with sI
ight muidilicatioin Approx ititately 11 cells wene

II
ttt

uved htstttn stock of V79 ccl Is tuaintained at 7bC washeuh with

MEMA and
iitntntediatcly lItukl in hnnuii oriiing tissute culture dish

Corniutg NY with oh oF Fresh EM dish was pluceul in tit

uiuucubnunur 7C 9S% aim auid 5n hor It ttnd was tlteit iuimitserred

inn iehrigerator at 0.5C Alter 72 Ii the coithlueitt cell population was

rinsed thtee nines wtth Ca Mgftee PBS lwo milliliters tnf PBS cort

iiuitnuuig 035 Lucifer yellow Moleccular Probes Inc. Eugene OR was

added tnt the dish ttt rooutt tentpcrat nrc and the umtriuhayer was scraped

ttknitg lit-ce parallel lines usitng sterile scalpel blade lhe dish WitS placed

it the uhauk lnnr miii Inn
coutiplele dye Iruuisler As Luci er yellow is il

hiynltopltiltc
Ilunnieseetni dye with ktw ttttnlectihur weight uttol wt 457.21

It cart ttuveise gap juuttcttotts autd thercltite ns un elIicient itteatis by which

ti ittotittur gapjunetiotial intercellular eoinmttnieation The lye snnlutinntt

was decamtted the ulish was ritised lit-ce times with Fresh PBS and tnil

nrf PBS was added Inn the dish rhe plate was nibserved with art Olympus
13X60 epillttotesccnee phasectttitiast ttnicrtiseope illumitnated with au Os
alt BC 200 latnip

RESULTS

Response o/ Multicellular Clusters to External Rays

Figure shows the doseresponse CUFVCS br multicel

lular clusters of V79 cells exposed to chronic 318 cGyf

and acute 11.7 Gy/min Cs irradiation least-

squares
fit of these data to the linear-quadratic model

expaD D2 yielded achronic 0.0440

0.0183 Gy 13chronic 0.00391 0.00231 Gy
xacute 0.118 0.025 Gy and 13acute 0.00566

0.0042 Gy

Response o/Multicellular Clusters to f1H/dThd

Figure shows the surviving fraction of cells in the

multicellular cluster as functionof the 1H activity in the

cluster when either 50% or 100% of the cells are radiola

heled The response curve for 100% labeling is exponential

whereas the curve for 50% labeling is two-component cx

ponential least-squares fit of these data to two-com

ponent exponential function yields

SF n/n

where SF is the surviving Iraction is the cluster activity

and and arc the bitted parameters For 50% label

ing the fitted parameters and are 0.67 0.12

0.81 0.56 kBq and 11.8 3.1 kBq respectively In the
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C/

Dose Gy
FIG Survival of V79 cells al icr acute and chronic irra

diation ot multicellular clusters with Is rays Irradiations were ear

ned out at 0.5C The acute dose rate was 1.7 Gy per minute Ior

chronic irradiation the tubes containing clusters were placed at di Ilerent

distances 1mm 370Ml3q source hotised iii small stainless steel

capsule Alter the acute and chrimic irradiation the clusters were tlis

utantled cells were processed and the surviving fraction was deermtned

coiitpiired to cells from unirradiatcd control clusters Representative stan

dai-d deviations are indicated by the error bars Solid curves represent

leastsquares Ins to the linearquadratic model

case of 100% labeling with the fitted value of

is 2.44 0.11 kBq

/eiioto.kicity of Lindaije

Figure shows the fraction of surviving cells in multi

cellular clusters of V79 cells after 72-h exposure to dii

ferent concentrations of lindane in the culture medium The

surviving fraction compared to that for untreated controls

remains close to unity up to about 100 pM lindane where

upon significant decrease is observed These data suggest

that concentrations in excess of 100 pM are not desirable

for experiments involving inhibition of gap-junction inter

cellular communication due to associated cytotoxicity

Optimum Con cc-nlralion of Lindane to liz/i iIii Bv.viander

Effect

Determination of the optimum concentration of lindanc

to minimize bystander effects is an essential element of the

present study Figure shows the surviving fraction of V79

cells in multicellular clusters as function of lindanc con
centration in the cell culture medium In these experiments

50% of the cells in the cluster arc iadiolaheled with ap
proximately 4.8 mBq/cell of HJdThd for lotal cluster

C/

Cluster Activity kBq
IIC Survival oF V7 eel Is as unction of eltister

activity
of

Ill ldThd Data arc shown for experiments where 50 01 l00
of the cells were radiolaheled in multicellular clusters which were

maintained at 10.5C hir 72 and then the surviving traction was deter

unned ennipamed tim unlabeled cells lata 11011% mw dependent experi
ments are plotted ttr each

labelimtg condition and are diflementiated by

open and elnsed symbols Representative standard deviations are mdi

cat ed by the em mr ha rs

50 100 150 200 250

Lindane jiM
II hetnotox icily nl lindarte when V79 mull icellular clusters

were exposed to the chejimical
mit t.5 him 72 Representat Re staiidard

deviations br individual data potnts are shown Data lout tlimec inde

pendent lspermmnentsari indicated by liileiett svnmbols

0.1

0.01

0.1

0.01

10 15
0.001

10 20 30 40 50 60

U-

0.1
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Lindane piL
FIG El feet of lindane coocentration on survival of V79 cells lioni

multicellular clusters in which 509k of the cells are labeled with jdThd

The surviving fraction increased steadily with increasing lindane cortcen

trio on up to 00 p.M alter which no additional protective elTect was

observed Data from three itideperident experiments are indicated by three

symbols Representative standard deviations are indicated by

the errol hai-s

activity of about 19 kBq Multicellular clusters treated with

neither nor lindane served as controls The con

centration of lindane in the culture medium has marked

impact on the surviving fraction of cells in the cluster el

evating the fraction from about 10% at p..M lindane to

about 50% at 100 p..M lindane br multicellular clusters with

50% labeled cells No further significant increase in sur

viving fraction was observed at lindane concentrations in

excess of 100 riM These data indicate that 100 pM is the

optimum concentration of lindane bor carrying ottt detailed

studies of bystander effects in V79 cell multicellular clus

ters

Response of Multicellular Clusters to f1H/dThd in the

Absence and Presence of Lindane

Figure shows the surviving fraction of cells in the mul

ticellular cluster as function of the3H activity in the cluster

when only 50% of the cells are radiolabeled In the absence

of lindane when the cluster activity increases the surviving

fraction decreases sharply to about 50% and then continues

to decrease albeit with more shallow slope Essentially the

same curve is obtained when these clusters are maintained

in the
presence

of 0.58% DMSO In contrast clusters that

were maintained in the presence of 0.58% DMSO 1X
p.M lindane show similar sharp decrease in the slope of

the response curve to about 50% survival and only limited

10 20 30 40 50 60

Cluster Activity kBq
11G Survival of V79 cells as function of cluster activity of

IdThd when 50% of the cells were labeled Multicellular clusters were

utaintatried at l0.5C fur 72 itt the presetce Idiitd Ti

data reproduced from Fig 121 IdThd 0.58 lMSO or

IdFhd 0.58% DMSO p.M lindane Data from

WI independent cx pen ments are p1ot ted br each teatntent condition arid

are differentiated as open and closed symbols Representative staitdard

deviations are indicated by the error bars The shortdashed long-short

dashed and solid curves represeitt eastsquares its of the data to Eq
fur eases and respectively

cell killing at higher cluster activities least-squares fit of

these data to Eq in the case of 100 p.M lindane gives

values of 0.67 0.03 1.6 0.3 and 41.6 5.8 kBq for

A1 and respectively The fitted
parameters for the three

irradiation conditions are summarized in Table

The surviving fraction of cells in multicellular clusters

assembled with 100% of the cells radiolabeled with

is shown in Fig as function ol the cluster

activity for the three experimental conditions

H1dThd 0.58% DMSO and flHdThd 0.58%

lMso 100 p.M lindane The fraction of cells surviving

compared to untreated controls vas calculated in each case

The survival curves in all three cases are single-component

exponential which is commensurate with our earlier studies

that examined the radiotoxicity of in V79 cells

maintained in suspension culture /4 Least-squares fits of

these data to Eq with give values of 2.7

0.1 2.7 0.2 and 2.8 0.1 kBq for cases and

respectively The fitted parameters for the three iriadiation

conditions are summarized in Table

Evidence of GapJunctional Intercellular Comniun ication

at 10.5C

To verify the capacity of V79 cells to form intercellular

communication through gap junctions during maintenance

LL

Cl

0.1

CD
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0.1

0.01

0.001

50 100 150 200 250

10
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TABLE
Fitted Parameters for Survival Curves for Multicellular Clusters

Peiccntzigc cells

____________________

eaiinelit labeled AkBc1 kHq

dllid 100
2.7

HIdThd .55c lMSO 10 0.2

llhUhd 0S5 lMS 100 p.M lindanc 00 2J

Hidrhd- SI .17 0.12 0.sl .6 3-

HdThci 55 lMNO 1.75 0.04 0.7 07 .3 07
dhd 055 IMS IOU p.M Iindane 50 0.7 0.03

__3_________6
SiiiitIid eritirs iic id rated

I_castsquares Iii iii data iii Fig

I.caslsquarc Iii ii data iii lig

at 10.5C for 72 the transfer of Lucifer yellow dye be

tween neighboring cells was studied in cells in monolayers

As shown in Fig Lucifer yellow was transferred into

contiguous cells after the parallel lines were scraped in the

monolayer with scalpel The highest intensity of Lucikr

yellow was noticed in cells at the periphery of the scraped

areas and gradient of decreasing intensity is evident as

the dye spreads further into contiguous cells through gap

junctions

DISCUSS ION

Radiopharmaceuticals are used widely in clinical medi

cine to diagnose and treat variety of medical conditions

It is well known that when radiopharmaceuticals are ad
ministered to the patient ihe radioactivity localizes iii dii

ierent tissues in the body and its distribution at the mac

roscopic and microscopic levels is nonuniform The degree

of nonuniformity can vary widely depending on variety

of factors The biological consequences of nonuniform dis

tributions of radioactivity in given tissue can also vary

substantially Despite these well-known facts current inter

nationally accepted nietliods for assessing risks from di

agnostic nuclear medicine procedures assume that the ia

dioactivity is distributed uniformly in
organs and tissues

and that the biological response depends principally till ab

sorbed dose radiation type and tissue radiosensitivity JO

Bystander effects and other potential consequences of iion

uniform distributions of radioactivity ate ignored in these

risk estimates The same assumption is frequently made iii

assessing risks from environmental e.g -Rl1 and acci

dental e.g Cs ill exposures to radioactivity Adclstciu

et 17 and Makrigiorgos el /iJ have raised ililpor

tant concerns regaiding the assumption of uiiil rut distii

huiion of radioactivity and their impact on risk estimates

However one of the major stumbling blocks to predicting

the biblogical response
of tissues with nonuni frin distri

butions of radioactivity has been the absence of expeii

mental models that allow tight control over the distributitiui

of the radioactivity

Multicellular Model

The data in the
present work have been obtained with

new three-dimensional tissue culture mode that has been

designed specifically to quantify the impact of nonuniform

distributions of radioactivity in tissues ouu the
biological ef

fect of the incorporated radionuclides It is demonstrated

that multicellular clusters can he assembled by mixing sus

pensions of radiolaheled and nonradiolahefed cells to

achieve control led degree of nonuni ii rn lily of radioactiv

ity in an in vitro multicellular cluster model Fig This

0.0001

10 15 20
Cluster Activity kBq

II Suivival iii \17o1 cills uhicttiili iii etusier icliVliV ill

I-I fJttul when t0 ut the wet.- labeled tVlithicclltttar clusters

wi_-ic tiriiiii.iiiii-iI ii IS hu 12 Ii in lie iicsiice iii It ldThd

i2 ttIiIttid 55% tMS ttjdlhd l55
tM.S -I 00 p.4-I Iiiidaiie taa liuti Wui itlepetidetit c.xperi

titents arc plotted IiH cacti trealilicil ciiiidiliuii mi_I arc diltcrctttiatcml as

111111 aiiil climsed sviittuuuls
tclirc..eiiati\ tr-\imulIiuIls at ilIdi

cilmt liy the eutor haus the sliuirtit.i.lied tieshort dashed and solid

ciii si_s lcicscltt lezisi
si_ilaies

Iii ii Iii- iIii.i iii ti. Ii liii cases

tspct_t vi.l
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shallow slope compared to the first component as charac

terized by the parameters 0.81 kBq and 11.8

kBq In other words for given amount of radioactivijy

in the cluster the two labeling conditions 50% 100%

yield very different surviving fractions Therefore the dis

tribution of radioactivity in the cluster plays an important

role in the biological response of the cells in the cluster

This is an important aspect of this new model that can he

exploited to obtain quantitative data on the
response

of

multicellular systems to nonuniform distributions of radio

activity

Another significant feature of this new model is that typ

ical cell survival experiments in vitro using radioprotectois

or gapjunction inhibitors involve acute radiation
exposures

in the presence of cheinotoxic concentrations of these

agents The cells are usually washed li-cc of the
agent

mi-

mediately after the irradiation and plated for colony for

mation When cells arc irradiated by incorporated radio

nuclides the radiation dose is delivered chronically To ex
amine the capacity of radioprotectors or gapjunction in

hibitors to modify effects caused by chronic irradiation by

incorporated radionuclides the chemical agent should he

present throughout the irradiation period 21 However

chronic exposure of cultured cells to these chemical
agents

at 37C leads to extreme chemotoxicity particularly when

levels sufficient to afford protection are used The ic

suIts in Figs and show that this problem can he Over

come by maintaining the cells at 10.5C Under these con

ditions the V79 cells did not divide and only minimal

chemotoxicity was observed for both control and treated

cells when the indane concentration was maintained at or

below 100 p.M

Chinese hamster V79 cells maintained at 37 have been

shown to exhibit intercellular communication through gap

junctions This has been demonstrated by Ireeze-fractume

coupled with quantitative morphology /3 as well as the

scrape-loading and dye transfer technique 12 l-lowever

to the best of our knowledge lie capacity of V79 cells to

form gap junctions at 0.5 has not been demonstrated

In the present study this aspect has been explored by main

taining confluent monolayers of V79 cells at 10.5C for 72

and then studying the transfer of the fluorescent lye Lu
cifer yellow to detect gapjunctional intercellular commu
nication Figure shows that V79 cells indeed retain their

ability to form membrane channels through gap junctions

even at 10.5C process
that can he seen efficiently

through positive dye transfer into contiguous cells

In view of the versatility and reproducibility of this new

muRicellular cluster model ii is possible that it may mci-it

consideration for assessing bystander elfects as set hwth by

Mill ci in their recent Letter to the Editor Mill et

iiI have argued that to clearly establish the existence

of bystander elfect in the case of hot particles and null

uniform activity distributions in general an internation

ally validated in iiiro assay together with an internationally

validated dosimetry protocol is needed The present cx

periniental in vitro model coupled with our theoretical miii

ticellular dosimetry model 22 may he considered as

candidate for this purpose It should he noted however that

the current experimental protocol uses maintenance tem

perature of 10.5C which may have an impact on metabolic

processes such as DNA repair and cell proliferation Ward

et 23 have shown that irradiated V79 cells are capable

of repairing DNA single-strand breaks at temperatures as

low as 10C albeit at reduced rate Double-strand breaks

were not repaired at this temperature However despite the

dependence of repair on temperature 3-h incubation of

the irradiated cells at this
temperature had no impact on

cell survival Nevertheless the maintenance temperature in

the present model can he increased to 37C this will reduce

the capacity to introduce adequate concentrations of chemn

ical modifiers such as DMS and lindane without leading

to undesired chemotoxicity

The Bystander Effect

The particles emitted by have spectrum of en
ergies from 018.6 keV /0 with

correspotiding ranges in

water from 07 p.m 24 The mean energy is only 5.7 keV
which correspqnds to range of only p.m in water 24
The mean diameter of V79 Qell is 10 p.m and its nucleus

has mean diameter of p.m 2/ Since the is incor

porated into the DNA of the nuclei of labeled cells the

nuclei in these cells will be efficiently sell-irradiated by the

low-energy particles emitted by the radioriuclide How
ever f3 particles emitted by I-I decays in the cell nucleus

must travel
p.m range of tO kcV electron ref 24 just

to get froni the perimeter of the nucleus of labeled cell

to the perimeter of nucleus of an unlabeled cell

distatice to the nucleus of the unlabeled cell is considered

important because the nucleus presumably contains the pri

mary radiosensitive targets Since the electrons are emitted

by decays occurring randomly throughout the nucleus

nearly all of the particles will have to travel substantially

more than p.m just to reach the nucleus of an unlabeled

cell Given that very few of the
f3 particles emitted are in

excess of the minimum requirement of 10 keV the cross-

dose received by cells in the cluster is negligible This pre

mise is
supported by the multicellular dosimetry calcula

tions of Goddu ci II 22 that show that cross-dose for

electrons in this energy range
is

negligible when the radio

activity is localized in the cell nucleus Therefore in the

absence of bystander effects one anticipates essentially no

killing of unlabeled cells which should translate into 50%

surviving fraction in the case of 50% labeling at high clus

tel- activilies The steep first component 0.81 kBq
of the two-component doseresponse curve in Fig shows

that about 50% of the cells arc indeed killed However the

second component 11.8 kBq indicates that the un
labeled cells continue to he killed as the activity in the

labeled cells is increased even though the unlabeled cells

are not significantly irradiated This suggests that hystand
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er effect is responsible for the killing of unlabeled cells anl

unlike the results of Mothersill and Scymoi.tr the effect

does not saturate with increasing dose i.e activity in the

labeled cells

To elucidate the potential mechanisms responsible for

the bystander effect observed in Fig .3 the gap-junction

inhibitor lindane was added to the culture medium prior to

formation of the multicellular clusters in which 50% of the

cells were labeled Figure shows that 100 iM lindane has

marked impact on the survival of V79 cells with the value

of in Eq changing from 11.8 kBq to 41.6 kBq The

solvent 0.58% DMSO had 110 impact on the
response of

the V79 cells If the bystander effect blocking factor BBF
is de ti ned as the ratio

BBF
with Undane

without lindane

hen the bystander effect blocking factor for 50% labeling

ti cells in the multicellular cluster with HJdThd and main

tenance in culture medium with 0.58% DMSO 100 p.M

lindane is 3.5 1.0 Since lindane is known to he gap-

unction inhibitor and it has been demonstrated in

the present study that V79 cells form gap junctions at

10.5C it is likely that the bystander effects observed when

50% of the cells in the cluster arc labeled with Fl IdThd

are due primarily to intercellular communication processes

that depend on the formation of gap junctions which con-

fleet adjacent cells 25
While lindane is known to he an inhibitor of gapjunc

tion intercellular communication it is also known to affect

other processes that may pertain to its apparent ability to

decrease bystander effects For example lindane may in

crease levels of superoxide dimuiase and the extent of lipid

oeroxidation 26 27 and cause alterations in intracellular

rec calcium and initochondrial transmemhrane potential

28 It may also increase the activity of NADPH-cyto
chrome P450 and ratio of supcrux ide anion production

superoxide dismutase activity 29 and the formation of re

active oxygen species that result from the metabolism of

lindane 30 Therefore it is possihle that mitigation of by
stander effects by lindane may he due not only to inhibition

of gapjunctional intercellular communication hut also to

these other processes

Bystander EftŁct.v Relative to onvenijonal Radiaiio

Effect.v

To assess the relative importance of bystander effects

compared to conventional radiation effects i.e direct

indirect the clusters were assembled such that 00% of

the cells were again labeled with IHIdThd Figure shows

the
response

of multicellular clusters treated with HJdThd
JdThd 0.58% DMSO or 4H IdThd 0.58% DMSO

-f 1X p.M lindane The
response of the V79 cells to the

three treatmen regimens is essentially the same within cx

pcrtnicntal uncertainties Fach of the cells in the cluster is

surrounded by approximately 13
neighbors 22 Hence the

biological effect imparted to given target cell in the clus

ter is due not only to the decays that occur in the
target

cell hut also to the sum of the bystander eftCcts imparted

by the neighboring cells Therefore since lindane had no

impact on cell survival the contribution of the bystander

effect appears to he negligible for this biological end point

in the case of 100%
labeling at least over the range of

activities considered

It thus stands to reason that the impact of the bystander

effect on cell survival depends Ofi the
percentage of cells

in the cluster that are labeled with the effect being most

pronounced at low labeling percentages and when cross

irradiation between cells is absent or minimal Accordingly
it is

anticipated that somewhat smaller bystander effect

may he observed when cells are labeled with radionuclides

that emit particles with ranges of several cell diameters or

more e.g because crossirradiation plays more im

portant role in these cases 22
Finally it should be noted that the arguments made

above are based on cell survival data alone While it is not

expected that data based on other biological end points will

point toward very different conclusions than those reached

above the importance of examining other end points is rec

ogitizecl
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Free Radical-Initialed and Gap Junction-Mediated By

stander Effect due to Nonuniform Distribution of Incorporated

Rd1oactYtY In Three-Dimensional Tissue Culture Model

Radial Res 155 335344 2001

To investigate the biological effects of nonuniform distribution

of radioadMty in mammalian cells we have developed novel

three-dImensional tissue culture model Chinese hamster V79

cells were labeled with tritiated thymidine and mixed with un

labeled cells and multicellular dusters 1.6 mm in diameter

were formed by gentle centrifugalion The short-range parti

cles emitted by impart only self-irradiation of labeled cells

without significant
cross.hTadlatiOfl of unlabeled bystander cells

The clusters were assembled in the absence or presence
of 10%

dimethyl sulfoxide DMSO and/or 100 pM liadane DM50 is

hydroxyl radical scavenger whereas lindane is an inhibitor of

gap junctional
intercellular communicatiOn The clusters were

maintained at 10.5C for 72 to allow 3fl decays to accumulate

and then dismantled and the cells were plated for colony for

mation When 100% of the cells were labeled the surviving rae-

don was exponentiallY dependent on the mean level of radioac

tivity per labeled cell twoeosflpOfleflt exponential response

was observed when eIther 50 or 10% of the cells were labeled

Though both DMSO and lindane significantly protected
the un

labeled or bystander cells when 50 or 10% of the cells were

labeled the effect of lindane was greater than that of DMSO In

both cases the combined treatment DM50 lindane elicited

maxhnwn pratection of the bystander cells These results suggest

that the bystander
effects caused by nonunifonfl distributions of

radioactivity are affected by the fraciloil of cells that are labeled

Furthermore at least part of these bystander effects are liii-

dated by free radicals and are likely to be mediated by gap

junctional intercellular conununicafion R5o- 5wth5O

INTRODUCTION

There is substantial interest in the role of bystander ef

fects in the biological response
of mammalian cells to ion

izing radiation It has long been believed that the principal

genetic
effects of ionizing radiation in mammalian cells are

the direct result of DNA damage in irradiated cells that has

not been repaired adequately Therefore when cells are ex

posed to external beams of radiation only those cells that

receive hits from the emitted radiations would be dam

aged No effects would be observed in cells that are not

hit These cells are referred to as bystanders
Studies

from number of laboratories suggest that these bystander

cells do indeed incur damage as consequence
of being in

the neighborhood of irradiated cells Nagasawa and Lit

tle first showed that Chinese hamster ovary CR0 cells

exposed to very low fluences of particles exhibited

much higher incidence of cells with sister chroniatid ex

changes SCEs than expected
based on the number of cells

that were traversed by particles These authors found sim

ilar results when induction of HPRT mutations was used as

the end point thereby confirming that genetic damage does

occur in bystander
cells that are not irradiated Desh

pande er reported
increases of more than eightfold

in the percentage
of primary human fibroblast cells express

ing an increased level of SCE over the actual number of

nuclei traversed by an particle Hickman er doc

umented that particles
induced accumulation of the Tp53

tumor suppressor protein in rat lung epithelial cells in

higher percentage of cells than expected
based on the num

ber that would have received direct nuclear traversal Az

zam et al made similar observations with altered cx

pression of TP53 CDKNIA also known as p2l CDC2

also known as p34 cyclin
BI and RADSI in human

diploid fibroblast cells Prise et reported higher

frequency of apoptotic
and micronucleated human fibro

blast cells in cultures irradiated with charged 3He par

ticle rnicrobeam Mothersill and Seymour demonstrated

that addition of medium from epitheial cells irradiated with

rays led to increased cell death andpoptoSiS of unirra

diated cells
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Although consistent support for the existence of bystand

er effects is available in the literature studies that probe

the mechanisms that lead to damage in bystander cells are

limited Bystander
effects have been attributed to the pro

duction of extracellular factors that lead to the generation

of reactive oxygen species ROS 9Il More recently

lyer and Lehnert 12 have postulated
that transforming

growth factor is the mediator of a-particle-induced by

stander responses Gap junctional
intercellular conunun.i

cation GJIC has also been implicated as one of the mech

anisms 13 It has also been suggested that other mech

anisms such as cxrafluclearOrigiflatuIg signal pathways

secreted diffusible factors and apoptosis_ifldUCiflg
factors

may be involved in the responses
of bystander cells 14

15 These findings suggest that different mechanisms may

be operational for bystander
effects depending on the cell

type the type
of radiation and other experimental

condi

tions including the end points studied

The issue of bystander
effects is relevant to the biological

effects of nonuniform distribution of radioactivity how

ever there is paucity of data Ibis is of major importance

to risk estimation in diagnostic nuclear medicine and radi

ation protection e.g inhalation of radon/radon progeny as

well as clinical outcome in therapeutic nuclear medicine

One of the major obstacles to predicting the biological re

sponse of tissues with nonuniform distribution of radioac

tivity is the absence of suitable experimental models that

allow precise
control of the degree

of nonuniformity To

overcome this problem we have recently developed novel

three-dimensional tissue culture model 13 Using this

model we have shown evidence of pronounced bystander

effects in the form of decreased cell survival when 3H is

localized in the DNA of Chinese hamster lung
fibroblast

V79 cells and is distributed nonunifoemly in multicellular

clusters 13 In the present communication the same mul

ticellular cluster model is used to investigate
the impact of

different magnitudes of nonuniform distribution of radio

activity on bystander
effects The underlying mechanisms

of bystander effects that arise from nonuniform distribution

of radioactivity are also studied

MATERIALS AND METHODS

Radiochenical and it- Quantification

Tritiated thymidinc was obtained from NaN Life Science

Products Boston MA us sterile aqueous
solution at concentration

of 37 MBqlml with specific
activity of 3000 CBq/mmol The activity

of was measured with Beckman LS3800 automatic liquid scintilla

tion counter l-killetton
CA The detection efficiency for the 13 particles

emitted by was 0.65

Cell Cu1turc

V79 cells kindly provided by Dr Ka.cste Harvaxd Medical

School Boston MA were used in the pesent study with clonogenic

survival serving us the biological end point V79cctb are known to

eshihit some degree of CiJIC 1618 The ditferent minimum essential

media MfMA MEMB and wash MF.MAJ and culturing conditions have

been described in detail previously 13 The plating efficiency was about

64%

As.rembly of Multicellular Clusters

The protocolS were us described curlier 13 Briefly V79 cells were

conditioned in ml MEMB in 17 100-mm Falcon polypropylene cul

ture tubes placed on rocker-rotter for 34 Ii in an incubator at 37C

5% CO2 95% air or 10 cells/mi Thereufter ml MEM cou

taming various activities of HdThd was added end the tubes were re

turned to the rocker-roller After 12 the cells were washed three times

with wash MEMA resuspended in ml of MEMA and passed several

times through gauge needle Additional tubes containing cells not

labeled with 3H were proccased identically The radinlabeled cells were

then mixed with unlabeled cells to get 100 50 or 0% radiolubeled cells

pelleted and transferred directly
to sterile 400-p polypropylene micro-

centrifuge tube Helena Plustics San Rafael CA The tubes were cen

trifuged at 1000 rpm for ian at 4C to form clusters with diameter

1.6mm 10 ceLls

Treatment with DMSO and/ar Lindane

To study the mechanisms underlying bystander effects the raulticel

lular clusters were assembled in the presence
of the free radical scavenger

DMSO and/or an inhibitor of OJIC lindanc Sigma Chemical Co St

Louis MO To achieve radioprutectiOn DM50 concentration of 10%

1.28 MI was required as per our previous studies 19- Lsndune was

dissolved in DMSO mg/mi mid subsequently diluted with MEMA to

final concentration of 00 p.M lindane-4.S8% DMSO These concen

trationS of lindane and DMSO were not cytotosiC 13

Cell Survival

The microcentrituge
tubes containing the clusters were maintained at

10.5C for 72 to allow decay of 3j in the absence of cell division

Under these conditions V79 cells can withstand prolonged exposure to

10% DMSO arid 100 p.M lindane without significant
loss of plating

ef

ficiency 13 19 The supernatant was then carefully removed und the

tubes were voriexed to disperse the cell clusters The cells west washed

three times with 10 ml of wush MEMA resupcnded in ml of wash

ME.MA passed several times through 21-gauge needle resulting in

single cell suspension
with doublet frequency of only 2.4% serially

diluted seeded in triplicate
into 60 15-mm Falcon tissue culture dishes

and incubated at 37C with 95% air and 5% CO2 Aliquuts were taken

from each lube before serial dilution as above and the mean radioactivity

per cell was determined After days the surviving fraction compared

to control celLc was detennined

Kinetks of Radicuu.titirv in Cells

To ascertain the absorbed dose received by the cells the kinetics of

uptake and clearance of the radioactivity from the cells was followed

Multicellular clusters were prepared with 100% of the cells labeled as

described above At various times after the clusters were placed at 10.5C

cluster was dismantled and the level of radiqactivity per cell was de

termined Additionally cells from clusters that had been maintained Ut

10.5C for 72 were washed with wash MEMA and 10 10

2.5 10 and 2.5 10 cells were finally plated in duplicate into 75-

cin culture flasks On each of the following days duplicate flasks with

the same number of cells plated in descending order were removed from

the incubator and the activity per cell was determined

Monttorutg of Radiuactivit in Labeled and Unlabeled CeU.c

Studies were carried out to trace radioactivity in the labeled and un

labeled cells The radlolabcled cells were dyed with 0.05 p.M carboxy

fluoresecin diacetate succinimidyl ester CFDA SE in phosphate-bUtT

ered saline PBS at 37C for 15 mm using VybranL cell tracer kit

BISHAYBE ET AL
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Molecular Probes Eugene OR CFDA SE passively diffuses into cells

where its acetate groups are cleaved by intercellular esterases to yield
the

highly fluorescent carboxyfiuoreSceltl succinimidyl ester char reacts with

intracellular amities forming well-retained tluoreacent conjugates The ra

diàlabelcd and dyed cells 10 were mixed with an equal number

unlabeled undyed eclls The pooled cells were used to form clusters

containing total of 10 cells 50% of the cells were radiolabeted

and dyed and the clusters were maintained at 10.5C After 72 the

cclts from two clusters were pooled washed with PBS resuspended in

sM EDTA in PBS to concentration of I0 cdllsiml and passed through

21-gauge
needle live times to pnxluce single cell suspensiOn The

cells were subjected to
fluorescence-activated cell sorting FACS using

FACSCaIibUr flow cytometer Bectoti Dickinson Sun Francisco CA

An air-cooled 455-ntis argon-ion laser was used to excite the dye The

excitation and emission peaks of the fluorescent dye are 492 and 517 tim

respectively Fluorescence in the FL-I channel was collected along with

forward-angle and 90 light scatter The cells were sorted for dye-negative

cells gate was applied around the cell population to evaluate cellular

events Single-parameter histograms based on 10000 events were ana

lyzed using CeIIQUEST software Becton Dickinson Alter sorting the

dyenegatiVe cells unlabeled and undyed were collected pooled washed

and finally resuspended in ml of 1.t.M
EDTA in PBS Aliquots were

used to determine the mean activity per cell An additional 0.5 ml of the

suspeaiion was subjected to FACS for the second ume Lu check the
purity

of sorted cells i.e absence of dye-positive cells

Assessment of GJIC is Flow Cvlomctry

The presence of functional OJIC between V79 cells in multicellular

clusters maintained at 10.5C in the absence and presence of lindane was

monitored by flow cytomeiry
The method of Goldberg et 20 was

used with modifications Cells or 10 were loaded with calcein

AM Molecular Probes This fluorescent dye becomes membrane in

permeant when it enters the cell However it can traverse functional gap

junctions 21 The loading was achieved by incubating cells for 25 mm

at 37C in the prescnce of ml of 20 i.M dye in PBS The cells were

then washed with PBS resucpendcd in prewarnied MEMA incubated at

37C for 30 mitt and centrifuged and the supernatant was decanted

Undyed cells were treated similarly These cells were used to form mul

ticellular clusters containin 100 or 50% dyed cells The clusters with

50% dyed cells were prepared itt the presence or absence of 100 p.M

lindane The clusters were then maintained at 10.5C for 72 The cells

from clusters were washed with PBS and resuspended in ml of p.M

EDTA in PBS In the lindane-treated cells all steps after the dyeing

procedure including washes and resuapenSions were canled out in the

presence of lindane GJIC was interpreted us the ability of the dye to

pass from pre-dyed cells to undyed cells This was determined by mea

suring the fluorescence of cells with the FACSCaliber flow cytometer

with 530-tim band pass
filter using the technique Tumasetto cc

22 Fluorescent silnals
were processed over four-decade logarithmic

range The clusters containing 100% dyed and undyed edit served as

positive
and negative controls no-dye-transfer control for the 50%

dyed cell clusters was prepared by mixing equal volumes of the final

suspensionS of the 100% dyed and undyed cells and the resulting mixture

was immediately analyzed with the flow cytometer

RESULTS

100% Labeling Response of Multicellular Clusters and

Cell Suspensions

Figure
illustrates the surviving fraction of cells main

tained in multicellular clusters for 72 as function of 11

activity mBq per
labeled cell Also shown is the survival

curve obtained when cells were prepared identically except

for maintenance as single-cell suspension for 72 at

0.001

Activity per Labeled Cut mBqJ

FIG Survival of V79 cells as function of activity per labeled cell

wherein 100% of the cell population was labeled with Cells were

maintained in MEMA as multicellular clusters in the absence and

presence
of 10% DMSO or as suspensions in the absence DMSO

Data points represent the average eight
three nd two

experiments respectively Standard errors are shown accordingly

10.5C ref 19 for experimental details The data

were fitted by least squares to the relationship

SF bei e/Az

where SF is the surviving fraction is the activity per

labeled cell and A1 and A1 are the fitted parameters
The

parameters A1 and A2 are analogous to D0 values for the

first and second components respectively
With for

monoexponential response the fitted values of for clus

ter and suspension are 0.80 0.02 and 0.76 0.04 rnBq/

cell respectively The response
of the cells to incorporated

is essentially the same whether the cells are ar

ranged in the form of cluster or are maintained as single-

cell suspension Therefore this suggests that the cells with

in the cluster do not receive any significant exposure to

radiation from their neighbors i.e no cross-irradiation

100% Labeling Modification of Response by DM50 and

Lindane

The surviving fractions of cells in multicellular clusters

assembled and maintained in the presence or absence of

10% DMSO are also shown in Fig least-squares
fit

of the data for each treatment condition to Eq with

gives A1 values of 1.5 0.08 and 0.80 0.02 mBqI

cell for 10% and 0% DMSO respectively Table The

dose modification factor DMF which indicates the degree

of protection provided to the labeled cells by 10% DMSO

is expressed by the ratio of A1 values in the presence and

absence of DMSO as follows 19 23

DMFt3Hdmd 10% DMSO

A1WIthDMSO

A1 without DMSO

As shown in Table DMF value of 1.9 0.12 is ob

tained which indicates that 10% DMSO is able to protect

V79 cells against
lethal damage in clusters when all cells

are labeled with As reported earlier /3 100

p..M lindane did not have any effect on the survival of cells

0.1

0.01

IS

10



from multiel1ular cluster when all cells were labeled with

This suggests
that the bystander effect does not

significantly
contribute to the killing of radiolabeled cells

50% Labeling Modylcatiofl of Response by DMSO andf

or Lindo.ne

Figure
2A shows the cell surviving fraction as function

of the level of radioactivitY per
labeled cell for multicellular

clusters in which 50% of the cells were labeled with

The clusters were maintained in the presence
of

MEMA 10% DMSO in MEMA 100 ja.M
tin-

dane in MEMA or 10% DMSO 100 .t.M lindane in

MEMA As shown in Fig 2A twocOmpOfleflt exponen

tial survival curve emerges when the data from each ex

perimental
condition are fitted to Eq As expected the

transition from the first to second component occurs near

50% survival Table summarizes the fined parameters
for

the different treatment conditions The fitted parameters
for

cases and are slightly
different from those obtained

previously 13 because the new values include results of

additional experuneflts not reported
earlier In the absence

of any treatment as the activity per
labeled cell increases

the surviving fraction drops sharply to about 50% and then

continues to drop albeit with shallower slope The first

component of the twocompOfleflt
survival curve represents

killing of the radiolabeled cells whereas the second com

ponent represents
killing of unlabeled bystander

cells 13

Addition of 10% DMSO afforded significant protection

against
lethal damage to unlabeled bystander

cells in fact

the value of changes from 4.8 1.1 to 11.1 2.1 mBq/

labeled cell Table If one considers this change con

sequence
of modification of the bystander

effects imparted

by the labeled cells to unlabeled cells then the bystander

modification factor BMF is defined as

BMF
with treatment

without treatment

The bystander modification factor for 10% DMSO in mul

ticellular clusters containing 50% cells labeled with

HdThd is 2.3 0.68 Table greater degree of pro

tection of the bystander
cells was achieved with 100 p.M

lindane bystander modification factor 3.8 094 This

value is within statistiCal uncertainties of the previouslY re

ported
value of 3.5 1.0 13 The most dramatic protec

tion of the bystander
cells was manifested by

combined

treatment of 10% DMSO and 100 p.M lindane which yields

In our previous
couJt000iCatlOfl we designated the ratio of the

values us bystander blocking factuc This name was selected because

lindanc is gap junction inhibitor in V79 cclls The change in name to

bystander modification factor acknowledges the fact that other agenta

such as DMSO coo modify the response through other mechanisms
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TABLE

Fitted Parameters for Survival CurveS and Bystander ModiltCatiOil Factor for Multicellular Clusters

of cells Number ot

modification

3HJdThd

Treatment
labeled expesiments

mliq/lubeled cell rneq/labeled cell factor

H1dThd 10% DMSO 100
Ii 0.08

1.9 0.12

50
0.61 0.09 0.29 0.16 4.8 1.1

10% DMSO 50 0.52 0.08 1.5 0.28 11.1 2.1 13 0.68

PHldThd 100 1.M lindane
50

0.68 0.03 0.72 0.15 t8.2 2.0 3.8 0.94

Hdlhd 10% DMSO i- too p.M lindane 50
0.61 0.03 1.1 0.20 29.5 2.8 6.1 1.5

10 0.87 0.02 096 0.44 49.4 1.9

HjdThd 10% DMSO 10
0.84 0J2 1.4 0.65 67.0 4.3 1.4 0.10

100 tM1indane
tO

0.82 0.02 1.4 0.77 91.0 6.7 1.8 0.15

HdThd 10% DMSO 100 p.M lindune iQ
0.86 0.03 3.5 1.8 112.4 7.5 2.3 0.17

and A1 art analogous to the Ds of the first labeled cells and second bystander cells components of the fitted survival curve Eq

A2 with treatmcntYA2 without treatment

Mean SE

For 100% labeling
this quantity represents the traditional dose modification factor DMF

0.1

001

0.001

ii

0.1

0.01

50 100 150 200 250 300

Activity per Labelad Ciii mBq

FIG Survival of V79 cells as function of activity per
labeled cell

in which 50% panel or 10% panel of the cells were labeled with

and used to form multicellular clusters The clusters were main

tained in MEMA 10% DMSO in MEMA lOt p.M lindanc in

MEMA or 10% DMSO 100 p.M ljndaflc in MEMA Data

from two to five independent experiments are presented for each treat

ment Stantliwd errors for each data point are of itic order of the dimen

cirins of the symbols
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FtC Intracellular activity in V79 cells as function of time The

period 012 represents the uptake of The radiochernical The period 12

84 represents the 72-h period in which the cells were maintained at

10.5C The period beyond 84 corresponds cc the I-week period of

colony formation when the cellular acuvity has Un effective half-time of

P12 The arcs under the curve is proportional to the cumulative decays

in the V79 cell nucleus Approximately 76% of the intracellular decays

occur when the cells were maintained at 10.5C

sha drop in the response curve to about 50% survival

and only limited cell killing at higher
activities

per
labeled

cell Fig 2A Under this experimental condition by

stander modification factor of 6.1 1.5 was obtained

10% Labeling Modification of Response by DM50 andi

or Lindane

The multicellular clusters were also prepared
with mix

ture of 10% radiolabeled cells and 90% unlabeled cells As

in the case for 50% labeling Fig 2B shows similar two-

component exponential response
for each treatment condi

tion As expected the transition from the first to second

component for 10% labeling occurs ncar 90% survival The

parameters resulting from least-squares fits to Eq are

given in Table The bystander
moditication factors cor

responding to 10% DMSO 100 1jM lindane and 10%

DMSO 100 Mlindane are 1.4 0.10 L8 0.15 and

2.3 0.17 respectively Table These values for the

case of 10% labeling were of lesser magnitude than those

for the 50% labeling However like the data for 50% la

beling the data for 10% labeling show that the killing of

unlabeled bystander cells does not saturate even though the

number of labeled cells that come in contact with unlabeled

cells is five times less than in the case of the 50% labeling

.fljokjnetics of HJdThd in Cells

The uptake maintenance and clearance of in

V79 cells as they proceed through different stages of the

experiment are depicted in Fig The area under the curve

is proportional to the cumulated activity decays of in

V79 cell nuclei The period of 012 represents the uptake

of the radiochesnical at 37C Previous studies have shown

that the uptake is linear in time during this period 23 The

period of 1284 represents the 72-h period in which the

ecils were maintained at 10.5C in the cluster configuration

I4
Ml

Al
io0 to

CFDA Fluoreacence

FIG Evidence of no migration of radioactivity
from labeled to un

labeled cells in multicellular cluster containing 50% labeled cells V79

cells were radiolabeled with dyed with CFDA and mixed with

unlabeled end undyed cells and cell clusters were piepaId and main-

tamed ut 105C for 72 Panel After 72 flow cytometry analysis

shows that 49.6% of the cells remained dyed Ml Panel The undyed

cells M2 were separated from the dyed cells Ml by FACS No sig

nificunt radioactivity
was found in the undyed cells

As expected the cellular activity did not change during this

period Finally the curved region corresponds to the 1-

week period of colony formation at 37C where the cellular

activity has an effective half-time of 12 which is in

agreement with previous data 23 Integration under the

curve and normalizing to mBq give the mean cumulated

activity decays in labeled cell 343 Bq per mBq

in the cell Finally it should be noted that about 76% of

the intracellular decays occurred while the cells were main-

mined in the cluster configuration at 10.5C 23

No Migration of Radioactivity In Multicellular Clusters

The multicellular clusters consisting of 50% radiolabeled

and dyed cells and 50% unlabeled and undyed cells were

maintained at 10.5C for 72 dispersed and analyzed by

flow cytornetry to verify percentage of cells dyed The anal

ysis
of CFDA-positive and CFDA-negative cells is shown

in Fig 4A The data confirm that 49.6% of the cells were

dye-positive Ml gate and hence labeled with

The dye-negative cells M2 gate were then sorted and

again analyzed by flow cytometry Fig 4B Figure 4B

shows that the undyed cells M2 gate were separated to

purity of -.97% Aliquots of these cells were counted for

radioactivity and it was determined that they contained an

average of 0.013 mBq/cell The Mi-gated dye-positive

cells shown in Fig 4A contained 1.5 mBq/cell Since the

dye-negative cells have 3% contamination of radiolabeled

and dyed cells this population should have an average of

at least 0.045 mBq/ceil This is well above the 0.0 13 rnBq/

cell observed Therefore these data provide strong evi

dence that there is no migration of from radio-

labeled cells to surrounding unlabeled cells under the ex

perimental conditions used

Absorbed Dose to Labeled and Unlabeled Cells

The short-range particles emitted by Jjj have spec-

trum of energies from 018.6 keV 24 with ranges in wa

ter from 07 p.m The mean energy
of the electron is only

50 100 150 200

11mh

10 l0 II

COFA Fluorescence
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5.7 keY and it has range of i.m in water The mean

diameter of V79 cell is 10 p.m and the mean diameter

of its nucleus is im 25 Using the model of Goddu et

al 26 and the full 3H -parLicle spectrum the mean self-

absorbed dose to the nucleus of labeled cell per unit cu

triulated activity in the nucleus of the labeled cell is

Slabe1ed4labe1ed 2.61 l0 GyIBq The mean

self-absorbed dose to the nucleus Dlabe1ed is

Slaheledlabeled 0.895 Gy per mBq in the cell

Therefore the mean lethal dose for 100% labeling is D7
0.80 mBq 0.895 Gy/mBq 0.72 Gy In contrast the

mean cross-dose to neighboring unlabeled cell per unit

cumulated activity in single labeled cell is

Sunlabeledlabeled 3.03 10 GyfBq For 50%

labeling each unlabeled cell has 12 neighbors of which

are labeled 26 Therefore ualabeledlabeled
1.82 10 Gy/Bq and D1unlabe1ethlabelcd

0.00624 Jy mBq in the labeled cell Therefore the dose

to the labeled cell is over 140 times that to the unlabeled

cell

Functional GJC in Multicellular Clusters

The fluorescent dye calcein AM was used to ascertain

the presence of functional GJIC As shown in Fig 5A the

background fluorescence associated with undyed cells re

sulted in single low-intensity peak with geometric mean

of 2.9 When 100% of the cells were dyed single broad

and intense peak was observed with geometric mean of

290 Fig SB When 50% of the cells were loaded with the

dye two peaks emerged with geometric means of 13 and

203 respectively Fig SC The peak corresponding to ini

tially undyed cells has shifted markedLy to the right indi

cating that dye has been transferred from dyed to undyed

cells Hence functional GJIC is present in the V79 multi

cellular clusters maintained at 10.5C Addition of Lindane

inhibited dye transfer as shown by the similarity of its his

togram Fig 3D geometric means of and 225 to that of

the 50% control culture where no dye transfer was possible

Fig SE geometric means of and 260 These data sup

port the capacity of lindane to attenuate GJ1C under the

present experimental conditions

DISCUSSION

The present study has used three-dimensional tissue

culture model 13 to quantify the lethal effect of nonuni

form distributions of This model affords high

degree of control over the percentage
of radiolabeled cells

in the cluster The short range of the 3H 13 particles prevents

significant irradiation of unlabeled cells by radioactivity in

the labeled cells 13 This is supported by the data in Fig

that show that the mean lethal activity per cell required

to achieve 37% survival is essentially the same for 100%

labeling regardless of whether the cells are maintained as

clusters 0.80 0.02 mBqJcell or in suspension where no

ui ii j2 ióa i4
Calcein AM Fluor.scsne

FIG Single-parameter histogram from flow cytomctry of V79 cells

from multicellular cluster containing panel 0% panel 100% or

panel 50% dyed cells panel Dj 50% dyed cells in the presence ul

IOU lindane or panel an equal mixture of 0% and 100% dyed

cells followed by immediate analysis Transfer of the uorescent dye

culcem AM from dyed to undyed celia in the case of 50% dyed cells is

seen in the right lateral shift in the peak position corresponding to the

cells that were initially undyed panel Addition of lindane dramati

cally reduces the degree of dyc transfer panel as seen in the similarity

to the 50% control histogram where no dye transfer was possible panel

cross-dose is possible 0.76 0.04 mBq/cell It is also

supported by theoretical calculations for SQ% labeling see
Results Section that yield mean absorbed doses to the la

beled and unlabeled cells of 0.895 and 0.00624 Gy mBq
per labeled cell respectively Since the activity per labeled

cell required to effect 1% survival is about 20 mBq per

labeled cell Fig 2A the dose to the unlabeled cells in

this case would be about 0.12 Gy Assuming an equal ef

fectiveness per gray between self- and cross-irradiation

worst-case scenario this would produce an SF of 0.84 in

the unlabeled cells which comprise 50% of the population

If all of the labeled cells were killed and the killing of

unlabeled cells was due to irradiation of their nuclei this

would yield an expected SF for the entire population of

about 0.42 Similar results emerge for the case of 10% la

beling The difference between 0.42 and the observed SF

of 0.01 suggests that mechanisms other than cross-irradia

4A

..-Th

_____ M2

is

ii
Mt

USE
-- 11.1.L ttn.i



FREE RADICAL-INiTIATED AND OAP jUNCTION-MEDIATED BYSTANDER EFFECT 341

tion play the principal role in the observed killmg of un

labeled bystander
cells

Three different radiolabeliuig conditions were investigat

in which 100 50 or 10% of the cells within the multi

cellular clusters were labeled each resulting in markedly

different survival curves The data for 100% labeling in

Fig yielded an exponential
survival curve with mean

lethal cellular activity of 0.80 mBq/cell In contrast the

data for 50 and 10% labeling required fits to two-com

ponent exponential function Fig 2A These fits and the

resulting parameters Table indicate that about 50 and

10% of the cells are killed at relatively low activities per

labeled cell because only the labeled cells are killed How

ever the second components Fig indicate that unlabeled

cells are killed even though they do not receive significant

irradiation This strongly suggests that bystander effects are

responsible for killing of unlabeled cells Furthermore the

linearity of the second components suggests that the by

stander signal
increases exponentially with the dose to the

labelea irradiated cells- This finding appears to differ from

the data of Wu et al 27 who found saturation in the

dose response
for mutation induction in AL cells irradiated

through the cytoplasm
with an a-particle microbeam They

observed similarsaturation in response
when cell survival

was used as the end point data available only down to

about 70% survival They postulated that the saturation

after eight a-particle
traversals may have been due to the

fact that the traversals were split between only two areas

in the cytopLasm 27 suggesting that more uniform ir

radiation of the cytoplasm may have eliminated the satu

ration While this may be the case the present
data do not

involve irradiation of the cytoplasm of the same cell rather

they involve death of unlabeled bystander cells adjacent to

cells whose nucleus is irradiated by particles
emitted by

Theretbre given the very different irradiation

conditions cytoplasm of the same cell compared to the

nucleus of neighboring cell it is possible that different

mechanisms are operational which could lead to different

doseresponse relationships Furthermore considering oth

er differences between the experimental protocols e.g ra

diation type cell type dose of radiation to target cells tem

perature cell geometry it is not surprising that differences

were observed

more recent report
from the same laboratory examined

the mutagenic response
in the surviving bystander

cell pop

ulation after irradiation of 10 or 20% of the cell nuclei

with 20 particles
from the rnicrobeam 28 Under these

irradiation conditions which were somewhat similar to

those in the present study they found linear increase in

the mutant fraction of bystander ceLls as the percentage of

cell nuclei in the population
that were hit with the 20

particles was increased plateau was reached when 10%

of the nuclei were hit such that there was no significant

difference in mutation fraction when 20% of the cells in

the population were hit As indicated by the authors this

was perhaps expected in their two-dimensional monolayer

model because the number of unirrad.iated cells in direct

contact with an irradiated cell is not much different in the

two cases The data in the present work also suggest that

percentage
of cells labeled is an important determinant for

bystander effects However in the present work higher per

centages
of labeling appear to impart bystander

effects

more efficiently in the three-dimensional cluster model The

fined values for A2 Table differ by about 10-fold for

10% and 50% labeling despite only 5-fold difference in

the percentage of cells labeled Therefore the efficiency of

the transfer of bystander
effects is reduced by factor of

two for 10% labeling compared to 50% labeling It is pos

sible that coupling of an average of about 1.2 radioactive

cells to each bystander cell 10% labeling results in trans

mission of damage signals to single region of the bystand

er cell compared to more uniform transmission when

radioactive cells are coupled to each bystander cell 50%

labeling This could lead to less efficient killing of the

coupled bystander cell Although we are not aware of any

experimental data to support this hypothe8is this argument

is analogous to that of Wu et aL 27 for cytoplasmic ir

radiation

Gap junctional intercellular communication has been im

plicated as an important mediator of radiation-induced by

stander effects Gap junctions are intercellular mnem

brane channels that directly link the interiors of neighboring

cells These channels have diameters of 1.52 nm and per

mit the direct passage of small 2000 Da molecules be

tween the cytoplasm of neighboring cells 29 V79 cells

were reported to have some GJIC at physiological temper-

attire 16-48 30 It has also been shown by scrape-loading

and dye transfer that V79 cells retained GJIC even when

maintained for 72 at l0.5C as confluent monolayer

13 While this served as evidence of GJIC in monolayers

at 10.5C it was necessary to demonstrate the presence of

functional coupling of V79 cells in multicellular clusters

maintained at 10.5C This was studied in the present work

by monitoring the transfer of the fluorescent dye caicein

AM which can traverse gap junctions by flow cytometry

Figure shows that functional gap junctions are indeed

formed between the neighboring cells within the cluster as

shown by the transfer of calcein AM from dyed to undyed

cells Moreover the current study also shows that OJIC

between V79 cells in the multicellular cluster can be inhib

ited to some degree by lindane This is in agreement
with

earlier findings 17 31 It is perhaps not surprising that

functional coupling occurs at 10.5C Ward et 32 have

shown that V19 cells are able to repair
DNA single-strand

breaks at 10C aLbeit at reduced rate Double-strand

breaks were not repaired at this temperature
Therefore

while 10.5C does not represent normal body temperature

many important physiological processes
such as repair and

GJ1C remain operational

To elucidate the potential mechanisms responsible for

bystander
effects observed with 50 and 10% labeling

DMSO and/or lindane was added to the culture medium
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before the multicellular clusters were formed Our results

show that 10% DMSO offered fair degree of protection

of bystander
cells in both labeling situations Thble

better protective
effect was afforded by 100 pM lindane

However concurrent treatment with DMSO and lindane

brought about maximum protection
of the bystander cells

For 50% labeling the effect of combined treatment was

more prominent than for 10% with bystander modification

factor values of 6.1 1.5 and 2.3 0.17 respectively

This difference may be explained in light of the interactions

between the labeled and unlabeled cells The metabolic

generation of ROS due to oxid.alive stress after
exposure

to

ionizing radiation has recently been hypothesized as me

diator of bystander responses
in unirradiated cells 10 33

Exposure to high concentrations of ROS results in wide

spectrum
of DNA damage cell cycle arrest senescence

and eventually cell death 3436 In the present study

significant protection DMF 1.9 0.12 was afforded

by DMSO against killing of cells in multicellular clusters

let which 100% of the cells were labeled The intracellular

generation ofOH by 11 decays may be the principal cause

of cell death DMSO is potent scavenger of OH 37
and it is therefore expected to attenuate the effect of

provided that an adequate
concentration of

DMSO is used 19 However OH are short-lived and can

diffuse only about tim 38 Thus while these OH may

account for lethal damage to labeled cells in the case of

100% labeling no transmissible lethality to unlabeled by

stander cells should occur with this source of OH How

ever it is possible that there could be more persistent pro

duction of OH from another source such as superoxide

10 39 It is possible that free radicals particularly

OH produced through these mechanisms could lead to

membrane lipid peroxidation
and consequent formation of

number of free radicals capable
of producing DNA dam

age and cell death 4042 While DMSO could block some

of the above events in labeled cells and thereby reduce the

concentration of free radicals in bystander cells it is pos

sible that some of the long-lived radicals that are not scav

enged by DMSO may escape through gap junctions reach

the neighboring
cells and subsequently inflict lethal dam

age on these cells The ability of lindane to block gap junc

tions may prevent the radicals from reacting with the DNA

of bystander cells However lindane may not entirely abol

ish OJIC and provide complete protection against damage

to the bystander cells by ROS originating in the labeled

cells This is likely in view of the fact that lindane affects

GJIC by altering the permeability of gap junction channels

and the number of gap junctions 16 43 Further support

for this is provided by the data in Fig 51 which shows

that GJLC-mediated dye transfer was not completely

blocked by lindane Based on the above arguments the

presence
of both DMSO and lindane might be expected to

have an impact on both the OH-initiated events in the la

beled cells and their propagation through gap junctions to

the bystander cells This may explain why the bystander

modification factor is greater for the combined treatment

with DM50 and iindanc compared to treatment with either

agent alone Table

Our results with lind.ane indicating the involvement of

GJIC in bystander effects caused by nonuniform distribu

tions of incorporated radioactivity are consistent with those

of Azzam et who reported similar reduction of

particle-induced bystander effects in human thploid fibro

blast cell population by lindane Recently Zhou el aL 28
have provided evidence that irradiation of humanhamster

AL cells induces bystander mutagenic response in unir

radiated neighboring cells that can be inhibited by lindane

but not by DMSO They concluded that signal transduc

tion pathway other than OH-mediated oxidative stress

might play role in mediating the bystander responses for

particles Although the present study with particles

implicates as the primary oxidant species responsible

for the initiation of damage to bystander cells it is also

possible that other signaling mechanisms triggered by ROS

may be involved as proposed by Iyer and Lehnert 12 In

this context it should be mentioned that oxidative stress

has been correlated with the induction of signal transduc

tion that is linked to variety of deleterious effects of ia

diation 34 4446
En conclusion the present study provides new data on

the biological effects of nonuniform distributions of incor

porated radioactivity using novel approach to specifically

control the degree of nonuniformity This study also estab

lishes the response of V79 multicellular clusters to incor

porated radioactivity and furnishes substantial evidence that

bystander
effects play significant role in determining the

biological effect of incorporated radioactivity Furthermore

these data suggest that at least part of the observed by

stander effects are initiated by free radicals and mediated

through gap junctions These findings may ultimately en

hance our capacity to predict the biological response of

tumor and normal tissue in nuclear medicine and from en

vironmental exposure to radioactivity
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3/29/01

le following has occurred this week

3/23 Friday Anupam thawed aliquots of V79 and plated them into T175s

3/26 Monday Marek observes that both 3/23 flasks are contaminated 3rd bottle containing 1522 cells was OK
Marek observed that Anupam was probably using one of the contaminated .T 175s to set up an experiment He also

believes that Anupam split the cells and put them back into the incubator in flask marked 3/23 Anupam sets up
an experiment on rollers in the top of the double 37 incubator as seen by Marek

3/27 Tuesday Anupam collects the cells from the rollers and sets up Helena tubes which are placed in the 10.5
incubator as observed by Marek

3/28 Wednesday Marek and both observed Ti 75 in the trash marked 3/23 that was clearly contaminated Once

Anupam was gone we took samples from the Helena tubes marked in green through 7-- in the 10.5
incubator that we presumed had been plated from the contaminated flask of 3/23 He sampled nos and by
hdrawing small volume from each and placing in 10 ml each of growth medium in P100s P100

cained only medium control

3/29 Thursday We observed both 100s under inverted phase With careful focusing it is possible to see rods in

both of them

In the top of the double incubator in which we found the contaminated V79 Tl75s there is tray containing P60s
hich would have come from experiments done last week probably from the FACS There are two rollers both

..mpty looked at all the dishes and observed the following

P60s in the front of the orange tray marked with green marker

Label contaminated/total

1.2S 1/3

1/3

1/3

6.3S 0/3

5.2S 0/3

P60s in the back of the orange tray also marked with green marker

1.2 3/3

2.2 3/3

3.2 3/3

4.2 3/3

3/3

7.3 3/3

6.3 3/3

There colonies to be seen on any of the dishes in this set Colonies cant be seen in the front set but they are

obably from more recent run than the second set

EXHIBIT
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There are T175s in the incubator today One is the same 1522 flask as seen the day before and is OK i.e not

contaminated did not look at cells The other is contaminated flask of V79 marked with the date 3/28 probably

indicating that it was thawed yesterday

Around PM Anupam seemed to be in great rush and asked Marek to give him some V79 which he did This

was observed by Ed

3/30/01 Friday 830 AM The day clusters from Helena tubes should be prepared for FACSsorted and plated

Small incubator T175 of V79 from Marek from yesterday no date 100% confluent no contamination

1T175 of AG1522 cells are floating none attached Flaskis not dated Probably plated yesterday

Double Incubator

Top
empty rollers

iT 75 of V79 date is 3/28 cells are not attached there are floaters but no growth somewhat cloudy

The P60s are all gone

h4om empty

Trash

P60s from the incubator from yesterday green marker

1175 with AG 1522 has some very sick looking cells

10.50 incubator

orange rack with Helena tubes marked in green sl-7

Incubator in F468 100s Control medium is clear and are very contaminated

1254 PM Helena tubes are still in the 10.50 incubator

134 same

t4 Anupam is working in the laminar air flow hood and just told Marek that he is doing an experiment with

ers
ca 300 PM all Helena tubes are still there Anupam goes to Dennys lab to do the FACS separation but the cells

for FACS are still in the 10.50 incubator in Helena tubes in clusters

At the time that Roger leaves Anupam returns from FACS says that things went better than the last time Roger

says that this is 5050 3H cluster experiment Marek asks if it had been incubated at 10.5 Anupam says yes

500 PM 10.5 incubator now has only Helena tubes 1-6 is gone this is the same tube that we sampled

yesterday and found to be contaminated

Conclude Flow was done with newly harvested V79 cells that Anupam received from Marek yesterday These

will be plated and should come out OK

600 PM Helena tUbes are still in the 10.5 incubator full setof P60s are incubating in the small incubator

Took pictures with digital camera no date-stamp didnt know how files are P1010004-P 1010009

640 PM We depart There are still Helenas in the 10.5 incubator



Page

3/31/01 Saturday

iO.5 incubator orange rack with Helena tubes marked 1-6 in green still there

Small incubator orange tray Front stacks of P60s each marked with green marker 1-22-23-24-25-26-27-2
all also say

Back stacks of P60s each marked with green marker 1-22-23-24-25-36-37-4
all also say

Lower shelf Ti 75s of V79 no dates green marker cells OK no signs of contamination

T175 of AG1 522 no date floaters very few cells attached no signs of contamination

Double incubator

Top empty rollers

Bottom 1P60 PBS
1P60M

Radioactive trash Helena tubes marked in purple 4567 no 123 no other Helenas We hid the radioactive

trash so that it can be examined later If the experiment had been done properly it should contain the green-
marked Helena tubes from the clusters that had been incubated for days at 10.5 It does not contain such tubes

as we know they are still in the 10.5 incubator at this time

rge red lined trash can much trash but Helena tube marked in green aspirated remaining fluid to count

ctdioactivity Assume this tube to be the missing from the 10.5 incubator

Took more pictures Now they are date-stamped

Marek took samples from the Helena tubes to count for radioactivity and to test for bacterial contamination The
latter are incubated in cluster plate along with medium control in the F468 incubator The demonstrated

radioactivity is not quantitative

4/1/01 Sunday

As reported by Marek Helena tubes are still in the 10.5 incubator photo taken with digital camera

date/stamped

4/2/01 Monday

Helena tubes are still in the 10.5 incubator there are no attached cells in the 1175 flask containing 1522 cells

Marek Roger Anupain had conference Roger asked Anupam if he had plenty of 1522 cells to which he

replied yes which was not true See notes from 3/3 After this time he obtained fresh T75 of 1522s from
Sonia

The samples in the cluster plate in the F468 incubator are contaminated with bacteria The control is not

oth Marek and Anupam set up new experiments this evening Anupam used the rollers in the upper incubator
Marek used the lower ones
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Digital camera now attached to the microscope Not easy to use anymore

4/3/0 Tuesday

rolling rollers in upper incubator Anupam in lower Marek

Helena tubes are still in the 10.5 incubator Photo taken with my camera date/stamped

Both Marek and Anupam process their cells When Marek put his in the 10.5 incubator Anupam had not

removed the old clusters He now has two sets of clusters Marek asks if he has two experiments running at the

same time and he replies yes which we know is lie because the first set are the same that were there since last

Tuesday Photo taken of the three sets of clusters date/stamped

930 PM Marek reports that the dishes that were plated on Friday are contaminated So far the dishes are OK
Tom Denny told me that contamination is big problem for the FACS so it may be that Anupam used the good

cells that he got from Marek but they got contaminated anyway

p60 see above marked PBS is contaminated The one marked seems to be OK

4/4/01 Wednesday

Small incubator Bottom shelf T75 of AG1522 from Sonia T175 of same cells all dead T175 of V79 of

Anupams from Marek

shelf fr bottom P60s in the back marked are all contaminated The P60s in front marked are OK

Upper shelves Mareks experiments

Double incubator Upper empty rollers Bottom same

10.5 incubator 2uid shelf fr top orange holders both with green numbers The one in front is from last week with

elena tubes the one in front is the new one from yesterday with Helena tubes

3rd shelf fr top white rack with 10 Helena tubes with blue markings from Marek

Incubator in F468 control for cluster plate is still clear as is the P100 control

4/5/0 Thursday

Morning 10.5 incubator racks of Helena tubes the of Anupam of Marek

Small incubator T175 w.1522 T75 same from Sonia P60s as before no V79s

Large trash can Ti 75s all contaminated are V79 and is 1522

Double incubator empty rollers on top nothing in the bottom

.Marek observed in late afternoon that the Helena tubes from last week that were in the 10.5 incubator are now

gone confirm at about 9PM look in the radioactive waste for the tubes and do not find them also look in

all the other trash baskets without fmding them
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4/6/01 Friday 930AM

10.5 incUbator sets of clusters one is Mareks the other tubes is Anupams

Small incubator P60s are all gone the ones were counted and discarded in the large red trash bag Colonies
look OK
The ones are by the sink rinsed no colonies all were very contaminated

Roger looks very angry

Later that day see the notebook containing the protocol for the experiment The date at the top of the first page is
3/26/01 which would be the day that the cells were first harvested to begin the experiment The first page has the
standard protocol that involves rolling the first night harvesting making 050 clusters the next day and incubatingthem at 10.50 for days did not get chance to see when the dye was to be added The second page indicates
that on 3/31 the clusters are broken up and the cells are taken to the FACS machine for separation of dyed-
radioactive cells from the bystander-nonradjoacjve cells also observe that there are colony counts on thesond page and that Roger has signed this page observe the notebook containing this protocol on Anupams

after Roger has left for the day

Roger asks Marek to do mutagenesis study along with Anupam using the cells that Anupam has collected from
clusters today Marek offers to help Anupam count the cells in the 14 samples using the Coulter Counter Anupam
says that he will do it Marek is very surprised at how quickly Anupam comes up with the counts In fact he
figures the time was so short that Anupam did not have time to count them He looks at the Coulter Counter and

tes that it is set to count 0.5 ml However Anupam always counts 0.05 ml Had hecounted 0.5 ml the numbers
.e got would be OX those he would have expected and OX those that he recorded We conclude that Anupamdid not count the samples but made up the numbers

Anupam is still in the lab when Marek leaves

4/7/01 Saturday

at to verify the dates and the protocol for the experiment started 3/26 but the notebook is nowhere to be found

Incubator inventory

Double incubator top empty rollers bottom nothing
Small incubator top sets of p60s 8x3 8x3
3id 4th 5th shelves p60s and p100s
6th shelf T175 of V79 OK

T75 of 1522 fr Sonia very contaminated 11175 of 1522 mold growing in the middle
10.5 empty
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Figure File name Date

p1010004 3/30 contaminated T175 of V79 probably thawed
and plated 3/28 uncontaminated T175 of AG 1522 cf notes of 3/29 p2

p1010006 3/30 either sample or sampled on 3/28 shows
contamination Control medium no contamination

p1010008 3/30 is control uncontaminated and are
contaminated Same dishes as in Figure

p1010009 3/30 After PM Helena tubes in the 10.5
incubator should not be there should have been processed for FACS is gone

was last seen at 300 PM
33p

pt00010 3/30 10.5 incubator Same as but have figured out
how to date stamp

p3310011 3/31 10.5 incubator Same as and but with
black cardboard behind for contrast See notes p3

p3310012 3/31 10.5 incubator Same as

p4010005 4/1 10.5 incubator Helena tubes are stifi there

p4010006 4/1 10.5 incubator Helena tubes are still there
Marek took out tube and put it back in the wrong place

10 p4010007 4/1 Small incubator The p60 culture dishes plated

from the sort resulting from the FACS in front in back

11 p4010008 4/1 Same as 10

12 Photo 4/3 AM Tube is back where it belongs

13 Photo 4/3 PM Now sets of Helena tubes are on the upper
shelf on the left belonging to Anupam and set on the lower shelf on the right

belonging to Marek The set from the 3/26 experiment is in front on the upper shelf

The one in the rear is from the new experiment started yesterday 4/2 has tubes
and rolled overnight along with Mareks experiment

14 Photo 4/5 The old experiment 3/26 is gone had
radioactivity label on the left end The new experiment 4/2 has Helena tubes
Mareks experiment is still there on the lower shelf



15 Photo 4/5 Same as 14

16 Photo 4/7 P100s sampled on 3/28 IOD control is

still uncontaminated and are cloudy as before

17 Photo 4/7 Cluster plate sorry for the confusing
nomenclature is on the front and is uncontaminated The other are
contaminated
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ô/gh/ 175 o%Uquitc%Solid %LSV
3//fl %Liquidj%Solid %LSV
o3/2j/ O%Liquid 4%Soiid %LSV
O4foj oo 6o %Llquid qPIoSolid %LSV

%Liquid %Solid %LSV tt c4 -kI \itci

%Uquid %SoIjd %LSV \Aii. 1ti1 jO
%Liquid %Soiid %LSV Em4d
%Liquid %SoIid .%LSV VCnd On
%Liquid -%Solid %LSV

.- %Liquid %Soiid %LSV
%Liquid %Solid %LSV

-1 %Liquid %Solid %LSV

%Llquid %Solid %LSV

%Liquid %Solicl .%LSV

%Liquid %Solid %LSV
Example

111/98 150 50%Liquid 30%Solid 20%LSV 100
INSTRUCTIONS

Post Inventory and Disposition Form on or near storage area

Update Inventory form after EACH and EVERY USEJ this is requirementof NRC
Radlonuclides with half-life 120 days are Decayed-On-Site
DIspose of all Radioactive Wastes through the Office of Radiation Safety Services ORSsTherefore Deface all materials associated with these Isotopes PRIOR to disposal Into the LLRW
Maintain this record fora minimum of three years
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V79 COLONY FORMING ASSAY FOLLOWING FACS

Experiment Name Cell separation by FACS and SF 3HTdR cluster 50% labeling five 3HTcIR

Investigator Bishayee Date 03/26/01

Set the rocker-roller at 37C incubator with 5% CO2 set the Coulter Counter wash cells from

two 80-90% confluent 175 cm2 flasks subcultured 4-5 days before with PBS trypsinize

cells each resuspend in ml MEMB pool pass five times through or 10 cc syringe with 21

gauge needle perform cell count by transfering 100 ul in Coulter cup containing 20 ml isotone

Coulter balanced electrolyte solution

Dilute to 2000000 cells/mi in MEMB count 2OO 000 cells/mi

Transfer ml of cell suspension into two sets of tubes tubes per set Falcon plastic test tube

17x100 mm
Keep the tubes in the roller for 3-4 at 37C 5% CO2

Prepare MEMB containing radioactivity in hood

il 3HTdR Stock jtCi/j.tl on 2J15fo/ .3 ml MEMB
After 3-4 removibf tubes from roller and add MEMB with or without radioactivity-

according to Table below 2rd ro rndacH\1J
Date/Time O3/1/O 7.-I

Radoathvt1 ud

12 to

Tube 3HTdR Cells in MEMB MEMB CFDA in

MEMB PBS
uCi/mi ml 3HTdR

-ml
l2uCi/ml

uM

ml ml

1.0 1.0

1.0 1.0

1.0 0.835 0.165

1.0 0.665 0.335

1.0 0.5 0.5

1.0 0.335 0.665

1.0

_____ _____ i2X0335 .02.

_______ _______ 12 O.6 o0

______ ______ 2-X 1.oJ2Q_-

vQdtc-tJttj çrk
Add ml of MEMB tube and return test tubes to roller for 14 Date/Time O3/2/o/ 7j

Next day while test tubes are in roller label tubes 13 100 mm VWR glass test tube

EXHIBIL

conc

Exp.3

Date/Time O3fjo 4ô

pw

p1



2.

After 14 incubation period remove tubes and centrifuge at 2000 rpm at 4C for 10 mm

precooled centrifuge

Date/Time
3/z7/o/ /.o

10 Remove buckets from centrifuge and carefully remove 150
j.il

of supernatant and place in

prelabeled tubes

11 Decant supernatant click tubes vortex resuspend in 10 ml wash MEMA
12 Centrifuge tubes for 10 mm at 2000 rpm 4C
13 Decant supernatant click tubes vortex resuspend in 10 ml wash MEMA
14 Centrifuge tubes for 10 mm at 2000 rpm 4C
15 Decant supernatant click tubes vortex resuspend in 10 ml wash MEMA
16 Centrifuge tubes for 10 mm at 2000 rpm 4C
17 Decant supernatant click tubes vortex

18 Add ml of PBS in each tube vortex and transfer the content to 15-mi plastic centrifuge tube
19 Centrifuge tubes for 10 mm at 2000 rpm 4C
20 Decant supernatant click tubesvortex

21 Add ml of uM CFDA in prewarmed PBS as per the Table and PBS in the remaining
tubes

rO
22 Incubate all tubes at 37C forA5mjn

23 Centrifug tubes for 10 mm at 2000 rpm 4C
24 Decant supernatant click tubes vortex add ml prewarmed MEMA
25 Incubate all tubes at 37C for 30 mm
26 Centrifuge and decant the supernatant suspend in ml MEMA
27 Follow steps 1-24 for second set of tubes

28 Transfer the content of one tube from one set to the corresponding tube of another set
29 Centrifuge decant the supernatant

30 Transfer the cell suspension in polypropylene microcentrifuge tubes with attached capsHelena Plastics 400 UI using 200 ul pipet tips

31 Again add 200 ul MEMA resuspend and transfer the cell suspensions in the same
polypropylene microcentrifuge tubes Total volume 400 UI

32 Centrifuge tubes for mm at 1000 rpm 4C
30 Transfer tubes at 10C for 72

Date/Time ioo Pv33 After 72
carefully remove the supernatarn from the top resuspend pellet in 200 ul washMEMA and transfer the content to eight 15 ml tubes

containing 10 ml PBS by using pasteur
pipet

Date/Time O3/3c/o/ iz.-34 Again add 200 ul PBS in microcentrifuge tubes resuspend and transfer the cell suspensions
inl5mltubes



35 Centrifuge the tubes for 10 mm at 2000 rpm 4C precooled centrifuge

36 Decant supernatant click tubes vortex pooled cells from corresponding tubes centrifuge

decant the supernatant resuspend in ml PBS with syringe and transfer aliquots for cell

count 100 ul and radioactivity count 50 ul

37 Centrifuge decant resuspend in ml PBS for each tube and transfer ml in Falcon 2x75

mm polystyrene ml tube wrap the tubes with aluminium foil put in ice and transfer for

FACS study

38 During sorting collect both dye-positive and dye-negative cells in VWR 12x75 mm glass

tube pre-cooled in ice containing ml PBS with 100 penicillin and 100 ig streptomycin

add 20
jil Pen-Strep from the commercial stock in ml PBS to get the desired

concentrations

39 Transfer cells in PBS in 15-mi plastic centrifuge tube add ml of PBS and centrifuge

40 Decant vortex resuspend in ml.of PBS and transfer 100
.i1

for cell count

41 Transfer 300 p1 in Falcon 12x75 mm polystyrene ml tube for FACS analysis to check the

purity of the sorted cells

42 Dilute remaining cells three 10-fold dilution by transferring 0.5 ml cells to 4.5 ml MEMA
43 Plate required number of cells 200 2000 or 20000 in Falcon 60 mm tissue culture dish in

ml total volume of MEMA
44 Count colonies following week

-c4e
cf\c cocr

iç kLL cci
ALL nece co\oreS roi corncecA

tc7 t1c8

1.2 Vr3 ZO-1

32
IS-i

15o 3252
ibO 127 11c1

7.2 100



PAGE
R.6 IDH3 HOWELL PRESET TIME
PLE REPEAT CYCLE REPEAT .1 6CR

AQCN QCFN RCMN
NNEL 1--LL UL 400 2SJGMA 2.00

CALC rPM UNKNOWN REPLICATES
LIFEDAYS

./ 5L1SL LD114

00 TUE 27 MAR 2001
RS232

BKG SUB 0.00 13KG 2610 0.00 LSR
NORM FACTOR 00000

1004

ERR
P05 CH CPM 2SIG TIME EL TIME AVG

59.00 24.04 1.00 14 76.0
9.00 66.67 1.00 3.02 75.0

12.00 57.74 1.00 4.59 77.0
00 00 00 76

S.00 70.71 1.00 7.73 76.0
9.00 66.67 1.00 9.37 79.o

30037.14 1.95 0.35 10.27 77.0
12.00 57.74 1.00 11.90 730

064890.00 1.76 0.20 12.45 85.01Q 56870.00 1.88 0.20 1344 78.0
54540 00 1.91 0.20 34.27 77.0j2 56435.00 1.88 0.20 15.02 78.0
80736.66 1.82 0.15 15.72 76.0J.4 84560.00 1.78 0.15 16.43 78.0
87933.33 1.74 0.15 17.13 77.o14 10125333 1.62 0.15 17.83 77.017 11300666 1.54 015 18.53 74.0

121893.33 148 0.15 19.23 78.0
172990.00 1.52 0.10 20.00 74.0
166430.00 1.55 0i0 20.71 74.0-- 166500.00 1.27 0.15 21.42 74.0

15-4-
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IDH3 HOWELL PRESET TIME 1.00
PLE REPEAT CYCLE REPEAT SCR

AQCN QCFN RCMN
jtNEL 1LL UL 400 2SIGNA 2.00

CAl_C rPM UNKNOWN FEPLICATES
FE DAYS

P05 CH CPM

FAGE

MON 02 APR 2001 09 41

BKB SUB 000 BKG 2519 0.00 LSR
NORM FACTOR 000oO

ERR

._

13
14

15

__

2519% TiME EL TIME AVG H44

900 4667 1.00 1.43 70.0
C-900 66.67 1.00 3.05 70.0

5.00 89.44 1.00 4.68 69.0
12.00 57.74 1.00 6.30 71.0

2-10 00 63.25 1.00 7.93 71.0
10.00 43.25 1.00 9.49 49.0

2255.00 4.21 1.00 11.12 73C
J1250oo 4.00 1.00 12.69 73.0

2502 00 00 00 14 26 72.0
c433300 3.04 1.00 15.82 77.0

C4212OO 3.08 1.00 1740 74.0
3324.00 3.47 1.00 19.02 72.0
934.o0 319 1.00 20.65 72.0

C703.00 2.92 1.00 22.22 77.0
.881.00 3.21 1.00 2379 73.0

675700 2.43 1.00 25.42 74.0
GC.2852100 2.17 1.00 26.99 81.0

11B1.00 2.54 1.00 28.56 77.0
8844.00 2.13 100 30.20 78.0

i7i298i25 1.96 0.80 3162 84.0
llZ44.44 1.99 0.90 33.08 81.0
29762.86 1.94 0.35 34.03 c4ictt/J
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CoulterSurvjval

Experiment H-3/50%/FACS3

Date/Time. 3/26/01

Tube Coulter count Average Cells/mi Hemocytometer Count in Grid
1st 2nd 3rd 1st 2nd 3rd 4th

612 632 643 629 2505333
633 621 654 636 2533333
634 654 666 651 2594667
635 619 644 633 2520000
579 598 609 595 2370667
599 641 642 627 2498667
598 601 582 594 2364000

DIWO DIWO
lID WO lID/WO

10 DIV/0 DIV/0
11 DIV/O DIV/0
12 DIV/0 DIV/O
13 DIV/0 DIV/0
14 DIV/0 DIV/0

Tube Predicted Actual Colony count Average PE SF SF
Cells Cells 1st 2nd 3rd Uncorrecte Corrected

Seeded Seded

200 251 DIV/0 lID/VIOl 1/DIV/Of DIV/0
200 253
200 259 DlV/0 DIV/0 DIV/0 DIV/0
200 252 DIV/0 DIV/0 DIV/0 DIV/0
200 237 DIV/0 DIV/0 DIV/0 DIV/0
200 250 DIV/0 DIV/0 DIV/0 DV/0
200 236 DIV/0 DIV/0 DIV/0 DIV/0

D/WO D/V/O 0/V/Of DIV/OJ DIV/0
DIWO

10 DIV/0 DIVIO DIV/0 DIV/0 DIV/0
11 DIV/0 DIV/0 DIV/0 DIV/0 DV/0
12 DIV/0 DIV/0 DIV/0 DIV/o DIV/0
13 DIV/0 DIV/0 DIV/Ol DIV/0 DV/O
14 Di VIOl DIV/0 DlVIOl DIV/0 DIV/0
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SORT

DATE 3/300

IME

INVESTIGATOR

LEFT SORT RIGHT SORT ABORT FREQUENCY

ot-zsS
TUBE

5QM2S SOLOt
TUBE2

Soo2
TUBE3

52 SOOSL2.
TUBE4

5oO3
TBE

5OO2
TUBE6

6O 4GQ
TUBE

TUBE8

UB9

TUBE 10
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Histogram Statistics

File 03/30/01.001

Sample ID control

Tube

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1 -H FL1
-Height Log

File 03/30/01.001

Sample ID control

Tube

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1 -H FL1 -Height Log
Quad Location 33 12

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

Peak Ch

2458

2458

Quad Events Gated Tot XMean Geo Mean Mean Geo Mean

UR
0.00 0.00

LL 4881 48.83 48.81 8.02 6.08 2.77 2.44LA 5114 51.17 51.14 191091 1424.28 2.45 2.16

03/30/01.001

FSC-Height FL1 -Height

Marker Left Right Events Gated Total Mean Geo Mean CV
All 9910 9995 100.00 99.95 981.64 99.16 131.47
Ml 32 9910 5130 51.33 51.30 1905.05 1407.60 64.14

Median

54.25

1826.92

Quadrant Statistics

Prip
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CD

Ô8

File 03/30/01.002

Sample ID left

Tube

Acquisition Date 30-Mar-01

Gated Events 5067

Parameter FL1 -H ELi -Height Log

CD

In

00
0J

Histogram Statistics

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 5070

Quadrant Statistics

File 03/30/01.002

Sample ID left

Tube

Acquisition Date 30-Mar-01

Gated Events 5067

Parameter FL1 -H FL1 -Height Log
Quad Location 33 12

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 5070

Parameter FL5-H Log

03/30/01.002

AfJ OJJ

200 400 600 800 1000

FSC-Height
FL1 -Height

Marker Left Right Events Gated Total Mean

All 9910

Ml 32 9910

5067 100.00 99.94 1738.06

4988 98.44 98.38 1765.47

Gee Mean Cy Median Peak Ch

1341.26 61.30 1610.76

1461.06 59.54 1640.00

2035

2035

Quad Events Gated Total Mean Geo Mean Mean Geo Mean

UL 0.00 0.00

UR 0.02 0.02 1144.44 1144.44 12.30 12.30

LL 79 1.56 1.56 7.56 6.05 2.62 2.29

LA 4987 98.42 98.36 1765.59 1461.14 2.42 2.14

Page



Log Data Units Linear Values

Patient ID

Gate Gi

Total Events 5070

File 03/30/01.003

Sample ID right

Tube

Acquisition Date 30-Mar-01

Gated Events 5068

Parameter FL1 -H FL1 -Height Log
Quad Location 33 12

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 5070

Parameter FL5-H Log

Geo Mean Mean Gao Mean

J4 /aJIy

Histogram Statistics

to

FSC-Height FL1 -Height

File 03/30/01.003

Sample ID right

Tube

Acquisition Date 30-Mar-01

Gated Events 5068

Parameter FL1 -H FL1 -Height Log

Marker Left Right

All 9910

Ml 32 9910

Panel

Events

5068

17

Gated

100.00

0.34

Total

99.96

0.34

Mean

7.68

754.24

Geo Mean

4.54

346.91

CV

876.54

121.50

Median

4.53

626.43

PeakCh

710

Li

Quadrant Statistics

UL

UR
IL

LA

Events Gated Total Mean

0.00 0.00

0.00 0.00

5051 99.66 99.63 5.17

17 0.34 0.34 754.24

4.47 2.80

346.91 2.53

2.47

2.21

Et iA
Page



___________________
0-

_______________
CD

CD

cJ

__________________

File 03/30/01.004

Sample ID control

Tube

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1 -H FL1 -Height Log

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 10000

All 9910 9995 100.00

Ml 48 9910 5344 53.47

File 03/30/01.004

Sample ID control

Tube

Quadrant Statistics

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1-H FL1 -Height Log
Quad Location 48 12

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

1762

1762

03/30/01.004

R1
200 400 600 800 1000

FSC-Height

00
c%J

FL1 -Height

Histogram Statistics

Marker Left Right Events Gated Total Mean Geo Mean CV Median Peak Ch

99.95 941.76

53.44 1753.94

1Ô7.99 126.81 375.16

1353.65 63.73 1625.31

cJ
30
U-

ELi -Height

Quad Events Gated Total Mean Ceo Mean Mean Ceo Mean

UL 0.01 0.01 4.22 4.22 13.22 13.22

UR 0.00 0.00

LL 4650 46.52 46.50 8.55 5.91 2.84 2.49

LR 5344 53.47 53.44 1753.94 1353.65 2.49 2.19

Page
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File 03/30/01.005

Sample ID 100%

Tube

Acquisition Date 30-Mar-01

Gated Events 9996

Parameter FL1 -H FL1 -Height Log

Histogram Statistics

03/30/01.005

cJ

y-

vrflinr
.4fl0 101 10

FL1 -Height

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 10000

1050.14 62.28 1321.58

1140.87 60.08 1345.57

Quadrant Statistics

File 03/30/01.005

Sample ID 100%

Tube

Acquisition Date 30-Mar-01

Gated Events 9996

Parameter FL1 -H FL1 -Height Log
Quad Location 48 12

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

03/30/01.005

0-

.2

I-

c..J

1.---
200 400 600 800 1000

FSC-Height

Marker Left Right Events Gated Total Mean Geo Mean
All 9910 9996 100.00 99.96 1397.07

Ml 48 9910 9796 98.00 97.96 1425.13

CV Median Peak Ch

1945

1945

Quad Events Gated Total Mean Geo Mean Mean Geo Mean
UL 0.00 0.00

UR 0.01 0.01 3718.03 3718.03 12.41 12.41

LL 200 2.00 2.00 22.73 18.13 2.98 2.62

LR 9795 97.99 97.95 1424.89 1140.73 2.47 2.18

Page
IL



03/30/01.006

cc

0-

File 03/30/01.006

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9988

Parameter FL1 -H FL1 -Height Log
Quad Location 31 12

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

cJ

FSC-Height

o2

FL1 -Height

Histogram Statistics

File 03/30/01.006 Log Data Units Linear Values

Sample ID Patient ID

Tube Panel

Acquisition Date 30-Mar-01 Gate G1

Gated Events 9988 Total Events 10000

Parameter FL1 -H FL1 -Height Log

Marker Left Right Events Gated Total Mean Geo Mean CV Median Peak Ch

All 9910 9988 100.00 99.88 998.49 83.98 133.77 22.98 2617

Ml 30 9910 4882 48.88 48.82 2035.89 1580.93 61.05 1919.57 2617

FL1 -Height

Quadrant Statistics

Quad Events Gated Total Mean Gec Mean Mean Geo Mean

UL 0.00 0.00

UR 0.00 0.00

LL 5126 51.32 51.26 6.69 5.11 2.78 2.45

LB 4862 48.68 48.62 2044.14 1606.84 2.45 2.16

Page
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03/30/01.007
CD

ci

c1-

File 03/30/01.007

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9993

Parameter FL1 -H FL1 -Height Log

All 9910 9993

Ml 42 9910 5170

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Median Peak Ch

1860

1860

Quadrant Statistics

File 03/30/01.007

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9993

Parameter FL1 -H FL1 -Height Log
Quad Location 41 14

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

Th
CD

FSC-Height

Histogram Statistics

FL1 -Height

Marker Left Right Events Gated Total Mean Geo Mean
100.00 99.93 963.26

51.74 51.70 1854.25

CV

100.42 128.89 199.89

1450.56 62.30 1762.36

Quad Events Gated Total Mean Geo Mean Mean Geo Mean
UL 0.00 0.00

UR 0.00 0.00

LL 4823 48.26 48.23 8.17

LA 5170 51.74 51.70 1854.25

5.74 2.83

1450.56 2.46

2.49

2.16

Page



File 03/30/01.008

Sample ID sort

Tube

Acquisition Date 30-Mar-01

Gated Events 5190

Parameter FL1 -H FL1 -Height Log

Marker Left Right

All 9910 5190

Ml 42 9910 5126

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Quadrant Statistics

File 03/30/01.008

Sample ID sort

Tube

Acquisition Date 30-Mar-01

Gated Events 5190

Parameter FL1 -H FL1 -Height Log
Quad Location 41 14

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 5190

Parameter FL5-H Log

FSC-Height

03/30/01.008

C3

00
cJ

0_

100 101 i2
FL1 -Height

____ CV Median Peak Ch

1348.71 60.05 1596.34 1928

1438.54 58.66 1625.31 1928

Histogram Statistics

Total Events 5190

Events Gated Total Mean Geo Mean

100.00 100.00 1715.64

98.77 98.77 1736.93

f3o
L1

Quad Events Gated Total Mean Geo Mean Mean Geo Mean
UL 0.00 0.00

UR .00 0.00

IL 64 1.23 1.23 10.31

LA 5126 98.77 98.77 1736.93

7.71 2.66

1438.54 2.48

2.37

2.18

Page



74-Wc

Histogram Statistics

Marker Left Right Events Gated Total

All 9910 5277 100.00 99.94 12.64

Ml 42 9910 30 0.57 0.57 1265.48

File 03/30/01.009

Sample ID sort 4-

Tube

Acquisition Date 30-Mar-01

Gated Events 5277

Parameter FL1 -H FL1 -Height Log

03/30/01.009

to

Cl

cJ

Ti-

4.75 1157.19 4.53

706.89 118.72 720.15

3o-
LL

0-

10 10

FL1 -Height

Quadrant Statistics

File 03/30/01.009

Sample ID sort 4-

Tube

Acquisition Date 30-Mar-01

Gated Events 5277

Parameter FL1 -H FL1 -Height Log
Quad Location 41 14

Log Data Units Linear Values

Patient ID

Panel

Gate G1

Total Events 5280

Parameter FL5-H Log

Ml

FSC-Height

-j

10 10 llf i0 10
FL1 -Height

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 5280

Mean Geo Mean CV Median Peak Ch

03/30/01.009

637

Quad Events Gated Total Mean Geo Mean Mean Geo Mean
UL 0.00 0.00

UR 0.00 0.00

LL 5247 9943 99.38 5.48 4.62 2.80 2.47

LA 30 ck57 0.57 1265.48 706.89 2.55 2.32



03/30/01 .010

CI R1.
CJ

____________
400 600 800

FSC-Height

Histogram Statistics

Co

cJ

File 03/30/01.010

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9990

Parameter FL1 -H FL1 -Height Log

All 9910 9990 100.00 99.90 871.01

Ml 45 9910 5095 51.00 50.95 1699.82

cJ

92.55 131.47 88.57

1319.65 63.61 1582.04

Quadrant Statistics

File 03/30/01.010

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9990

Parameter FL1 -H FL1 -Height Log
Quad Location 45 13

Quad Events Gated Total Mean

UL
0.00 0.00

UR 0.00 0.00

LL 4895 49.00 48.95 8.33

LA 5095 51.00 50.95 1699.82

Log Data Units Linear Values

Patient ID

Panel

Gate G1

Total Events 10000

Parameter FL5-H Log

Geo Mean Mean Geo Mean

5.82 2.84

1319.65 2.49

03/30/01 .010

-P

rn

Ill

200 doo

II

FL1 -Height

10

Log Data Units Linear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Marker Left Right Events Gated Total Mean Geo Mean CV Median Peak Ch

03/30/01.010

1810

1810

2.50

2.19

Page
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CD

CD

c.

200 400 600 800

FSC-Height

Log Data Units Unear Values

Patient ID

Panel

Gate Gi

Total Events 10000

Marker Left Right Events Gated Total

All 9910 9995 100.00 99.95 991.07

Ml 45 9910 5279 52.82 52.79 1868.94

CJ
to

109.18 123.99 441.09

1501.44 59.23 1778.28

Quadrant Statistics

File 03/30/01.011

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1 -H FL1 -Height Log
Quad Location 45 13

Log Data Units near Values

Patient ID

Panel

Gate Gi

Total Events 10000

Parameter FL5-H Log

03/30/01.011

Co

CJ

1000

FL1 -Height

Histogram Statistics

File 03/30/01.011

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9995

Parameter FL1 -H FL1 -Height Log

Mean Geo Mean CV Median reak Ch

03/30/01.011

2053

2053

10 10 icf 10

FL1 -Height

Quad Events Gated Total Mean Geo Mean Mean Geo Mean

UL 0.00 0.00

UR 0.00 0.00

LL 4716 47.18 47.1.6 8.39 5.81 2.80 2.46

LA 5279 52.82 52.79 1868.94 1501.44 2.45 2.16

Page



File 03/30/01.012

Sample ID

Tube

Acquisition Date 30-Mar-01

Gated Events 9992

Parameter FL1 -H FL1 -Height Log

to

00
C\J

Log Data Units Linear Values

Patient ID

Panel

GateG1

Total Events 10000

Quadrant Statistics

File 03/30/01.012

Sample ID

Tube

Gated

0.00

0.00

45.79

54.21

Total Mean

0.00

0.00

45.75 7.86

54.17 2150.51

Log Data Units Linear Values

Patient ID

Panel

GateG1

Total Events 10000

Parameter FL5-H Log

.2o

cJ

FSC-Height FL1 -Height

Histogram Statistics

Marker Left Right Events Gated Total Mean Geo Mean CV Median Peak Ch
All 9910 9992 100.00 99.92 1169.46 128.43 118.83 685.39 2090

Ml 45 9910 5417 54.21 54.17 2150.51 1793.80 56.18 2016.91 2090

30

Acquisition Date 30-Mar-01

Gated Events 9992

Parameter FL1-H FL1 -Height Log
Quad Location 45 13

Quad Events

UL

UR

LL 4575

LA 5417

Geo Mean Mean Geo Mean

5.66 2.77 2.44

1793.80 2.42 2.13

Page
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.R IDH3 HOWELL PRESET TIME 1.00pLE REPEAT CYCLE REPEAT SCRN RS232P4
AQCN QCFN RCM

HANNEL 1LL UL 400 2SIGt4A 2.00 EKG SUB 0.00
ATA CALC cii UNKNOWN REPLICATES NORM FACTOR
ALF LIFEDAYSN

AM PUS CH CPM 2SIGX TIME EL TIME AVG

9.00 66.47 100 1.47 73.0
14.00 5345 1.00 3.11 790
13.00 55.47 1.00 473 73Q
12.01 57.74 1.00 6.36 73.0
4.J 51.65 1.00 7.92 74.0

00 70 71 00 58 80
14.00 5345 1.00 11.21 75.0
9.00 66.67 1.00 1283 77.0
7.00 75.59 1.00 14.46 76.0

10 7.00 75.59 1.00 16.03 700
11 li 11.00 603C 1.00 17.61 71.0
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5KG 2618 0.00 LSR
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IflH3 HOWELL PRESET TIME 1.00 SUN 01 APR 2001 1116REPEAT CYCLE REPEAT 3CR R3232N
AQCN QCFN RCMN

INEL 1LL UL 400 2SIGMA 2.00 BKG SJ 0.00 BKG 2S18 0.00 LSRiA CALC CPM UNINOWN REPLICATES NORM FACTORQ 1.00000
ILF LIFEDAYS

P08 OH CPM 2SIG TIME ERREL TIME AVG

28 8.00 7071 1.42 74.0
23 41.00 31.23 3.00 76.0
28 15.00 51.64 1.00 4.62 79.0
28 11128.42 1.95 0.95 6.13 82.0
28 3244.00 2.20 1.00 7.80 82.028 22222.00 1.90 0.30 8.86 78.0
28 555.00 8.49 1.00 10.48 82.0
28 30024.00 1.83 0.33 11.52 0.0
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IDH3 HOWELL PRESET

REPEAT CYCLE REPEAT

H4 AQCN QCF RCMN
CHANNEL 1LL UL 400 2SIGMA 200
DATA CALC CPM IJNKNOWN REpLICTES
HALF LIFEDAYS

TIME 1.00
SCRN RS232N

SAM P08 OH

SLIM 01 APR 2001

PA6E

1c 03

CPM 2EIG TIME

8KG SU3 0.00 8KG 2818
NORM FACTOR 00000

EL TIME AVG

0.00 LSR

29 13.00 55.47 1.00 1.42 73.0

29 56.00 2673 1.00 2.99 75.C

29 15.00 51.64 1.00 4.56 .80.0

29 10846.32 1.97 0.95 8.08 82.0

29 B367.00 19 1.00 7.65 82.0

21684.00 1.92 0.50 8.72 .77.0 .5

29 518.00 G79 1.00 10.34 81.0

29 29709.33 1.89 0.33 11.38 1.0
..2
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NEW JERSEY

NEW JERSEY MEDICAL SCHOOL

185 South Orange Avenue

COflFhOEflThL
University Heights

Newark NJ 07103-2714

April 12 2001

Helene Hill Ph.D

Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB E586g
Newark New Jersey 07103

Dear Dr Hill

Pursuant to the UMDNJ policy on Misconduct in Science copy enclosed this letter is to inform

you of an Initial Inquiry into an allegation of misconduct in science opened April 11 2001 by the

Newark Campus Committee on Research Integrity You are the complainant and the respondent
is Anupam Bishayee Ph.D Research Associate III in the department of Radiology

The allegation involves possible falsification and/or fabrication of data for NIH grant ROl
CA83838

You will be given the opportunity to be heard and will be expected to cooperate fully in this and

any subsequent proceedings Pursuant to University policy confidentiality will be maintained to

the extent possible and permitted by law The policy states that appropriate action will be taken

against those who attempt to retaliate against those reporting misconduct in good faith The

policy also states that appropriate action will be taken against individuals found to have made an

unsubstantiated allegation which the complainant knew or had reason to know was false or an

allegation made with reckless disregard for or willful ignorance of facts that would disprove the

allegation written report summarizing the conduct of the Initial Inquiry and the Committees

recommendations will be prepared at the conclusion of the proceeding You will have the

opportunity to comment on the report

Please contact me if can be of assistance in this matter

Sincerely yours

//lj AY 1w
tizabeRvechØ Ph.D

Chair Newark Campus Committee on Research Integrity

Professor Pathology and Laboratory Medicine UMDNJ-New Jersey Medical School

Enclosure University Policy on Misconduct in Science
EXHIBIT



UMb
NEW JERSEY

University of Medicine Dentistry of New Jersey

Vice President for Academic Affairs 65
Bergen Street Room 1441

Phone 973 972-4380 University Heights
Fax 973 972-5320 Newark NJ 07107-3001
E-mail putterma@umdnj.edu

EDflFOEfl1IflL

April 16 2001

Helene Hill Ph.D

Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB F-542

Newark NJ 07103

Dear Dr Hill

Please let this letter serve as confirmation of your meeting with the Newark Initial Inquiry

Committee on Tuesday April 172001 from 100P.M to 300 P.M The meeting will be

held in the Bergen Building Suite 1441 conference room located at 65 Bergen Street in

Newark The purpose of this meeting is to discuss with you the allegation of misconduct

in science which you made against Anupam Bishayee Ph.D Research Associate Ill in the

Department of Radiology at UMDNJ-New Jersey Medical School

Please call me at 973-972-4380 if you have any questions

Thank you for your cooperation

Sincerely

9au futhA/w
Karen Putterman M.D M.P.H
Vice President for Academic Affairs

Dr Elizabeth RavechØ Chair Newark Initial Inquiry Committee

B1T
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UNIVERSITY POLICY

SUBJECT ACADEMIC AFFAIRS TITLE MISCONDUCT IN SCIENCE

CODING 00-01-20-6000 ADOPTED 07/15/89 AMENDED 02/01/01

PURPOSE

To establish policy and procedures for thc Universitys response to allegations and apparent occurrences of
misconduct in science for which the University is the grantee or which is conducted by or under the
direction of any cmploec or agent of the University in connection with his or her institutional

responsibilities The objective ol this policy is to ensure the prompt and appropriate investigation of
alleged or apparent misconduct while

protecting the rights of individuals both those ho report misconduct
and those about whom allegations are made

This policy is intended to implement the Federal Law 42 U.S.C Section 289b and the regulations
promulgated pursuant thereto 42 CFR Part 50 Subpart and 45 CFR Part 69

11 APPLICABILITY

This policy applies to faculty members houscstafli trainees students including postdoctoral fellows
volunteers attending physicians and stall members

III ACCOUNTABILiTy

Under the direction of the President the Senior Vice President for Academic AiThirs shall ensure
compliance with this policy The Vice President for Academic Affairs shall implement thls policy

IV DEFINITIONS

Misconduct in science fabrication fi1sification plagiarism or other practices that seriously
deviate from those that are commonly accepted within the scientific community for proposing
conducting or reporting research Misconduct does jp include those factors intrinsic the

process of science such as honest error conflicting data or differences in interpretations or
judgments about data or experimental design

Other research practices or activities that deviate from those commonly accepted within the
scientific community and civil or criminal misconduct and regulatory violations occurnng in the

course of research such as theft or other financial misfeasance harassment discrimination and
violations of regulations or University policies governing human subjects animals recombinantDNA or use of hazardous materials shall be addressed by the University administratively or
through laws and regulations

SVPAA shall mean the Senior Vice President for Academic Affairs

VPAA shall mean the Vice President for Academic Affairs

Complainant the individual who made an allegation of misconduct in science

Respondent the individual against whom the allegation was made



Allegation made in had faith the intentional filing of an allegation which the complainant knew
or had reason to know was lilse or an allegation made with reckless disregard for or willful

ignorance of facts that would disprove the allegation

POLICY

The faculties and administration of UMDNJ have an importaot responsibility to maintain high
ethical standards in scientific rescarch that is conducted on University premises by University

personneL These standards based upon well-established principles of scientific research include

validity accuracy and honesty in proposing and perfonning research ía collecting analyiing and

reporting research results and in reviewing the research of others Failure to observe these

principles that results in misconduct in science damages the Universitys unage the general public
trust and the entire scientific community In addition University personnel who commit research

misconduct breach their obligations to the Uuncrsity

The University shall make diligent efforts to assure that

those reporting alleged misconduct in good faith arc protected from retaliation

appmpriate action niH be taken against individuals who attempt to retaliate against those

reporting misconduct in good fai

appropriate action will be taken against individuals found to have made unsubstantiated

allegations in bad faith see definition Section iVY

the reputations of those unfairly accused are not damaged or are restored.

Campus Committees air Research Integrity

Three Campus Committees on Research Integrity shall be established one each for Newark
Piscataway/New Brunswick and Camden/Stratford These Cozmnittees shall be called together by
the Chairperson or his/her designee on an as-needed basis to review allegations and reports of
misconduct in science and apparent instances of misconduct but in any event at least

serniarurually

Membership

Membership of the Campus Committees shall consist of tenured faculty members
representing the schools on that campus Members shall represent mixture of the basic

and clinical sciences and shall have strong research experience and other appropriate

qualifications to judge the issues raised by allegations of misconduct in science The
members should be of appropriate status and stature with regard to their schools research

enterprise in order to be effective in carrying out initial inquiries

the Newark Committee shall have seven members two faculty members from

New Jersey Medical School one of which shall be from the basic sciences and

the other from the clinical sciences and one faculty member each from the

Graduate School of Biomedical Sciences-Newark Division New Jersey Dental

School School of Health Related Professions School of Nursing and School of

Public Health

the Piscalaway/New Brunswick Committee shall have six members three

faculty members from Robert Wood Joimson Medical School representing both

the basic and clinical sciences and one faculty member each from the Graduate

School of Biomedical Sciences-Piscataway Division School of Health Related

Professions and School of Public Health and

the Camden/Stratford Committee shall have five members one faculty member
each from Robert Wood Johnson Medical School-Camden School of

in
hf Il



Osteopathic Medicine Graduate School of Biomedical Sciences-Stratford
Division School of Nursing and School of Health Related Professions

Appointment

Members shall be appointed by the SVPAA upon the recommendations of the Deans
following consultation with their faculties

Term of Appointment

Members of the Campus Committees shall serve for terms of three years which may be
renemxl In the event of an extended absence or resignation of Campus Committee
member an alternate to serve Out the term shall be appointed Lw the SVPAA in the same
manner as original appointments

Chair

Eadi Campus Committee shall elect chairperson w4io should be at the rank of full

professor The Chairperson or designee shall call all meetings whether regularly
scheduled or in

response to the
receipt by any member of the Campus Committee of

report or allegation of misconduct in science

Functions

The functions of the Campus Committees shall be to

receive reports or allegations of misconduct in science from any source within or
external to the University about Univcrsi individuals working on thai campus
or whose primary academic appointment is at school on that campus howeverwhen

appropriale any given allegation ma be assigned by the Campus
Committee for action to another Campus Committee

conduct initial inquiries of allegations of misconduct in science and send
resulting reports to the SVPA and

supply the VPAA with the infomialion needed to make the Universitys annual
submission to the 0111cc of Research

Integiii ORI of the Oflice of the
Secretary for Health

pursuant to 42 CFR Part 50

Expenses of the Campus Comwinecs

Expenses related to the general fimctioning and training of the Campus Committees shall
be borne by the schools on that campus

Initial
Inquiry

The initial inquiry shall involve inlbnnaiion gathering and initial làct finding to determine whether
an allegation of misconduct in science or apparent instancc of misconduct warrants further
investigation

Preliminary Assessment of
Allegation

The Campus Committee shall perform preliminary assessment of an allegation or report
to determine if an initial inquiry is warranted This determination shall be limited lo
whether the allegation meets the definition of misconduct in science as set forth in
Section IVA and whether there is or could be adequate information available to proceed
with an initial inquiry This determination shall take place within ten 10 working days
of the Comniittces receipt of the allegation or report Iii the case of research disputcswhen an initial inquiry is not felt to be warranted the Committee may recontmcnd the
services of the Schools research ombudsperson In the case of other types of alleged
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professional misconduct or breach of research ethics not within the deflniton of

misconduct in science the Committee may refer the case to the appropriate School or

University committee or administrator When an initial inquizy is felt not to be

warranted the Committees reasons shall be documented and the complainant shall be

informed The identification of the respondent shall be kept confidential from everyone

without need to know

Initiation of Initial inquiry

The Campus Committee hereinafter the initial Inquiry Committee shall meet to begin

the initial inquiry within ten 10 working days of its determination that the allegation

rrants an initial inquiry

Conflict of Interest/Bias

It is the responsibilit of each member of the Initial hiquizy Committee to divulge

potential conflicts of interest In the event that any member of the Initial Inquiry

Committee has any real or apparent personal or professional conflicts of interest or bias

with respect to the respondent complainant or case that member shall be recused Such

conflicts include but are not limited to involvement with the research in question

competition with the respondent and previous or ongoing close professional or

academic relationship with eitlicf respondent or complainant

Notification of Initial Inquiry

Within fourteen 14 calendar days of the initiation of the initial inquiry the respondent
the complainant the Dean of the appropriate School or the Vice President of the pertinent

patient care or administrative unit in the case of non-faculty respondent who is an

employee of such unit and the VPAA shall be notified in writing of the inquiry by the

Chairperson of the Initial Inquiry Committee Under certain circumstances set forth in

Section Vii the Office of Research Integrity OR in the case of research conducted

under PHS grant or another pertinent funding agency must be immediately notified

Rights and Obligations of the Respondent

The respondent shall be infonued of the charges of the opportunity to be heard as well

as the obligation to cooperate fully and that unreasonable refusal to supply relevant

material or other uncooperative behavior shall constitute violation of this policy Legal

counsel may not participate in the initial inquiry

Sequestering of Data and Oilier Materials

At the time the respondent is notified of the inquiry the Initial Enquiry Committee shall

with the assistance of the Deans or Vice Presidents office and/or of campus security

and/or information Services Technology 1ST personnel if necessary take custody of

and sequester any original data research records and other material and documents

necessary to the conduct of the initial inquiry and potential Ihiure investigation An
inventory shall be made of each item removed This inventory shall be signed by the

Initial Inquiry Conunittee Chairperson and copy given to tire respondent Efforts

should be made permit the research to continue white the initial inquiry and other

procedures go forward if original materials are required for the procecdings the

Conunittee Chairperson or designee shall give the respondent reasonable access to

original or unduplicatable materials during the proceedings in addition copies of

original documents and records shall be made for the respondent Materials sequestered

shall be stored in manner to ensure their preservation

Consultants and ad hoc Members for Initial Inquiry Committee

For purposes of the initial inquiry the initial Inquiry Committee in its discretion may
seek expert scientific advice and/or decide to add ad hoc members such as experts in
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particular field student epresentatives or postdoctoral fellow
represenlatives especiallyif student or postdoctoral fellow is the respondent

Duration of Initial Inquiry

The Initial Inquiry Committee shall complete the inquiry and submit its final report in

writing to the SVPAA and VPAA within sixty 60 calendar days from the date the initial
inquiry began If circumstances warrant longer period the records shall include
documentation of the reasons for exceeding the 60-day period and the initial hiquirv
Conunitlce may request an extension of time from the VPAA If such an extension is

granted the respondent shall be so notified

Decision of Initial Inquiry Committee

The Initial Tnquiry Committee shall decide by majority opinion whether the initial inquiry
reveals

finding of no cause i.e insufficient credible evidence of misconduct in science
to warrant further

investigation The reasons for this decision shall be
docwnented in sufficient detail to pennit later assessments of this decision if

necessary written report sununanzing the conduct of the initial inquiry and
its conclusions shall be

prepared for the SVPAA The respondent the
complainant and the appropriate Dean or Vice President shall be notified in

writing of the Committees decision The Initial hiquuy Conunittee may also
make recommendations to the SVPAA

reganling actions to restore the
reputation of the respondent and may consult with the respondent in this regardThe Initial Inquiry Committee may also make recommendations to the SVPAA
concerning actions against complainant found to have macic unsubsiantiated
allegations in bad faith see definition Section IV.F

finding of cause Le of the existence of credible evidence of misconduct in
science sufficient to warrant further investigation In this event the Initial

Inquiry Committee shall recommend to the SVPAA that an investigation be
initiated to formally examine and evaluate all relevant facts In determine if

misconduct has occurred

written report summarizing the conduct of the initial inquiry and its

conclusions shall be prepared for the SVPAA with copy to the respondent the
complainant and the appropriate Dean or Vice President Comments of the

respondent and of the
complainant on the Committees report if any must be

filed with the SVPAA within five working days of receipt of the report

If the Initial
Inquiry Committee finds there is high probability that false or

misleading information has been or may be disseminated to the scientific

community and that such dissemination could cause significant harm the
Commitlee may recommend that the SVPAA if he or she initiates an
avestigation inform the

following individuals of the existence and status of the
investigation editors of scientific journals in which articles or oIlier

publications concerning the research under investigation have been published or
arc pending publication and program directors of scientific meetings at
which the research under investigation is scheduled to be presented

10 Decision and Actions of the SVPAA

The SVPAA has the sole discretion to accept reject or modify the recommendations of
the Initial Inquiry Committee The SVPAA shall make decision concerning the
recomumenthijons of the Initial lnquny Committee within ten 10 working days of
receipt of the Conunittees

report
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lithe SVPAA accepts the recoinniendation of the Initial
Inquiry Committee that

there is insufficient credible evidence of alisconduct in science to warrmt
further investigation the case shall be closed

The SVPAA shall notify in writing the respondent the complainant all

individuals interviewed or otherwise informed of the allciation and he
appropriate Dean or Vicc President of the

disposition of the allegation En the
event that the ORE or another pertinent funding agency or sponsor was notified

during the initial inquiiy under the circumstances enumerated in Section VkL
the same shall be informed by the SVPAA of the finding of no cause following
the inquiry and that the University considers the case cIoscd When necessary
and in consultation with the respondent diligent efforts shall be undertaken fully

to restore the reputation of the respondent

If the SVPAA finds that the allegation was made in bad faith see definition

Section EV.F pursuant to recommendation of the Initial Inquiry Commitwe
he/she shall determine whether and what administrative actions should be taken

against the complainant pursuant to applicable ljnivcrsitv policies procedures or

contracts

All research records original data and other original materials
sequestered by

the Initial Inquiry Committee from the respondent or furnished by others shall

be returned

The Chairpcrson of the Initial Inquiry Conunittee shalt gather the original
records of the

proceedings of the initial inquiry and copies of all documents and
other materials furnished to the Committee This file shall be sent to the
SVPAA who shall seal it and retain it in locked confidential cabinet for at least

five years and preferably indefinitely The documents shall upon request be
provided to authorized personnel representing the funding agency or sponsor
Otherwise access to materials in the rile shall be available only upon
authorization of the SVPAA for exceptional cause

If the SVPAA accepts the recommendation of ihe Initial inquiry Committee that

there is credible evidence of misconduct in science sufficient to warrant further

investigation the SVPAA shall initiate an investigation All files accumulated

by the Initial Inquiry Committee in this matter shall be transferredto the Office

of the SVPAA

The SVPAA shall provide notice of the investigation in writing 10 the

respondent the complainant the appropriate Dean or Vice President the Vice
President of tire Office of Legal Management and the Director of the Office of
Research Integrity OR if the research in question was funded by PHS or the

director of another pertinent funding agency or sponsor if required see
paragraph below Notification should include the name of the respondent the

nature of the charges and the specific applications or grant numbers involved
The SVPAA may also decide to notify certain editors of journals or program
directors of scientific meetings pursuant to recommendation from tire Initial

Inquiry Committee

Under certain circumstances set forth hi Section V.H. the funding agency must
be immediately notified

if the SVPAA for good reason cannot accept the reconimendalion of the Initial

Inquiry Committee the SVPAA shall document his or her reasons and
communicate these in writing to the Committee lire respondeni the

complainant and the appropriate Dean or Vice President In accordance with
the SVPAAs decision either the procedure outlined in Section V.fl lO.a or
Section V.D Ob shall be followed
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Expenses of the Initial Inquiry

Expenses of initial inquiries shall be borne by the Dean or Vice President in whose
school or unit the respondents research in question has been or is being conducted

Investigation

The investigation shall be formal examination and evaluation of all relevant facts to determine if
misconduct in science has occurred It shall include interviewing the complainant and the
respondent as well as others who might have relevant information reviewing original data
research records and other necessary material and documents talking with experts considering
materials and/or comments submitted by the respondent and complainant reviewing relevant
literature publications correspondence memos etc

Formation of
Investigative Panel

An investigative panel shall be appointed by the SVPAA. consisting of three scientists

with strong research experience and other appropriate qualilications to judge the issues
raised in the investigation These individuals may be internal to the University or
externaL University lhculty serving on investigative panels must be tenured Members of
the Initial Inquiry Conunitice shall gg be appointed to the investigative PaneL

Conflict of Interest/Bias

In making appointments to the Investigative Panel precautions shall be taken against real

or apparent personal or professional conflicts of interest or bias with respect to the

respondent complainant or the case For example Panel members should not be
involved with the research in qucstioii should not be professional competitors with the

respondent and should not have previous or ongoing close professional or academic
relationship with either respondent or complainant

Rights and Obligations of Respondent

The respondent shall be notified of the charges the
opportunity to be heard anti the

obligation to cooperate fully with the investigation Such notice shall inform the

respondent that the investigation may determine whether or not misconduct has
occurred and/or if the actions or conduct investigated are/is otherwise

unacceptable
within the University for proposing performing or rcviesving research or reporting
research results The respondent shall also be informed that unreasonable refusal to

supply relevant material or other uncooperative behavior constitutes violation of this

policy

Oljcctions to Proposed Investigative Panel Members

The respondent and the complainant shall be informed of the proposed membership of
the investigative Panel If the respondent or the complainant objects to the participation
of any member of the Investigative Panel based upon personal or professional conflict of
interest or bias with respect to the respondent complainant or the case this objection
must be made within live working days in writing to the SVPAA who shall decide
whether to replace the challenged member The decision of the SVPAA shall be final
Such challenges to the membership of the Investigative Panel must be resolved prior to
the official appointment of the members by the SVPAA

Appointment of and Charge to Investigative Panel

The SVPAA shall appoint the members of the
Investigative Panel and shall administer

the charge to the Panel The official date of the initiation of the investigation shall be the
date of the first meeting of the Investigative Panel This shall be within thirty 30
calendar days of the completion of the initial inquiry transmission of written report to

SVPAA by Initial Inquiry Conunilice
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Chairperson of
lmresligatjve Panel

The hivestigative Panel shall choose its dairpersoa at its first meeting

Slafflo investigative Panel

The SVPAA and the Vice President for Legal Management shall assign staff to assist the
Investigative Panel Staff shall consider themselves and their activities for the
Investigative Panel as strictly confidential

Protection of Complainant from Retaliation

The SVPAA shall coordinate the Universitys efforts to protect the complainant from
refafialion during and after the inquiry and investigation working with all relevant
University offices in these efforts

Conduct of Investigation

Procedural Protection

Evciy effort shall be made to ensure coInprehensj.e fair expeditious and
judicious investigation Before the

Investigative Panel the respondent shall have
the opportunity to examine all evidence forwarded to the Panel to be
represented by legal counsel to present evidence and to cross-examine
witnesses including the complainant unless the evidence

supporting the
allegation of misconduct is

independently verifiable Anonymous third-party
statements are not admissible as evidence

Confidentiality

The respondent and the complainant shall be afforded confidential treatment to
thc maxiniwn extent possible Files shall be kept in central location in
locked cabinet accessible only to the

appropriate individuals taking part in the
investigation

Testimony before the hwestigative Panel

Tape recordings shall be made of all testimony given Documentation
including original data substantiating the investigative Panels

findings will be
carefully secured prepared and maintained

Transcriptions of the taped
interviews shall be provided to the persons interviewed for comment or revision
and included as part of the investigative file

Sequestering of Additional Data and Material

The Investigative Panel may secure and sequester additional pertinent original
research data records documents and other material from the respondent or
others using inventories and signed receipts for all material taken
original materials are required for the proceedings the Panel chau-person or
designee shall give the respondent copies of

original documents and records and
reasonable access to original or unduplicalable materials during the proceedings
Materials sequestered shall be stored in manner to ensure their

preservation

Consultants and Assistance for
investigative Panel

The Investigative Panel may seek additional expert scientific advice and/or the
advice of students or postdoctoral fellows as appropriate to the Status of the
respondent

PiAtci-rtitd.t 4n
nf



Broadening/Change in Subject Mailer of Investigation

If during the investigation information becomes available which the Panel
considers substantially related to the original charge from the SVPAA the Panel
may broaden the

scope of its charge and give written notice to the respondent of
the new scope if the Panel does not consider the new information substantiall

related to the original charge the Panel may refer the new information to the

Campus Coninilitee as the basis of new allegation

10 DecisiOn of Investigative Panel

In reaching conclusion on whether there was misconduct in science the burden of proof
is on the University to support its case by preponderance of the evidence

The Investigative Panefs decisions shall be the majority opinions There may be

minority report The results of any vote taken shall be made known to the SVPAA in the
written report of the.Investigative PaneL

1L Duration of investigation

The investigation shaD be completed within ninety 90 calendar days of its initiation dale
to allow sufficient lime for review of the investigative Panels report by the complainant
respondent and the SVPAA and submission of the Universitys report including the
decision of the SVPAA to the funding agency within total of 120 calenthr days of the

initiation of the investigation if the investigation cannot be completed within these time
limits the University may request an extension of lime from the OR in the case of
research conducted under PHS grant or another pertinent funding agency or sponsor if

required if such an extension is granted the respondent shall be so notified

12 Report of the investigative Panel

Upon conclusion of its investigation the Investigative Panel shall prepare written

report copy of the report shall be given to the complainant the respondent the

Chairperson of the initial Inquny Comniiltee the appropriate Dean or Vice Presideni and
the SVPAA Comments if any must be filed with the SVPAA within ten 10 working
days of receipt of the Investigative Panels report These comments shall be considered

by the SVPAA and made part of the report

The
report shall describe the policies and procedures under which the investigation was

conducted and how and from whom information relevant to the investigation was
obtained It shall also include recommendation as to whether finding of misconduct
should be made the basis for that recommendation as well as recommendatjon about
the

appropriate corrective measures lobe taken if any

The
report may also include rccommcndations that finding be made that the respondent

has engaged in practices that are unacceptable within the University for proposing
performing or reviewing research or reporting research results but which do not
constitute misconduct in science as defined in Section IV of this policy The report may
make recommendations about corrective actions if any to be taken under these
circumstances

The report may also include the Panels concerns that violations of other University
policies or of Federal or state regulations may have occurred with recommendations to

refer these concerns for administrative action

In addition the Panel may make recommendations concerning notification of law
enforcement agencies professional societies licensing boards journal editors
collaborators of the respondent ci other concerned parties of the outcome of the

investigation.
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in the event of recommendation that there bc no finding of misconduct the
Investigative Panel after consultation with the respondent may make reconinienda1io
to the SVPAA regarding actions to restore the reputation of the respondent The
Investigative Panel mar also make recommendations to the SVPAA

concerning actions
against complainant found to have made unsubstantiated allegations in bad faith see
deflthuio Section IVF

13 Expenses of the Itwesligation

The expenses of the investigation including external consultants fees if any shalt be
borne by the pertinent Dean or Vice President

14 Decision and Actions of the SVPAA

The SVPAA shall review the final report of the Investigative Panel and shalt make final
decision in writing on behalf of the University if the SVPAA for good reason cannot
accept the recommeudaion of the

Investigative Panel the SVPAA shall document his or
her reasons and communicate these in writing to the Panel the respondent the
complainant and the

pertinent Dean or Vice President

The SVPAA may make one of the following decisions

finding of no misconduct When necessary diligent efforts shall be undertaken
in consultation with the respondent fully to restore the reputation of the

respondent and appropriate action shall be taken against complainants found to

have made unsubstantiated allegations in bad filth see definition Section IVF

finding of misconduct The decision shall include the SVPAAs determination
about the

appropriate corrective actions The SVPAA shall either accept the
Investigative Panels recommendation about corrective actions or impose
alternatives lithe SVPAA decides to seek the termination of faculty member
with full title he or she shall direct the appropriate Dean immediately to
initiate Tennination for Cause Proceedings pursuant to the University Bylaws
Article Vi Title Evidence gathered during the investigation
recommendations of the Investigative Panel and the decision of the SVPAA
shall be forwarded to all individuals involved in the termination-for-cause

proceedings for their consideration Discipline imposed for misconduct in

science shall be exempt from grievance and arbitration proceedings The
SVPAA may withdraw front publication all pending abstracts and papers that

are considered to be of questionable scientific validity as result of the finding
and may noU1y the editors of journals books and other publications in ivliich the

respondents previous papers and abstracts have appeared during the preceding
five years

finding that actions or conduct investigated are/is unacceptable within the
University for proposing performing or reviewing research or for reporting
research results but do/does not constitute niisconduct in science as defined in
Section IV of this policy The decision shall include the SVPAAs
determination about appropriate corrective actions

15 Notification of Decision of SVPAA

The SVPAA shall provide copy of his/her final decision to the respondent the
complainant the Chairperson of the Initial Inquiry Committee the Investigative Panel
the pertinent Dean or Vice President and the Vice President for Legal Management

The SVPAA shall fonvard to the ORI in the case of research conducted under PHS
grant or to another external funding agency or sponsor copy of his/her final decision
along isith the names of the Investigative Panel members and the Panels final report
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Termination of the Case

Notification of Final Outcome of Investigation

After temunation of case lhc SVPAA shall inform editors of scientific journals and

program directors of scientific meetings who had been notified of the existence of an
investigation and all individuals intcrviend or otherwise informed of the allegation of
the outcome of the invesligalioL

Creation. Sealing Storage of and Access to the File

The SVPAA shall ensure that the complete file including the original records of all

proceedings conducted by the Initial Inquiry Committee and by the Investigative Panel
and copies of all documents and other materials furnished to the Committee and the

Panel is sealed and retained indefinitely in locked confidential cabinet in the Office of
the SVPAA Access to materials in the file shall be available only upon authorization of

the SVPAA for exceptional cause

Return of Sequestered Data and Other Materials

The SVPAA shall decide on case-by-case basis when the research records original data

and other original materials sequestered during the initial inquiiy or investigation may be
returned Among the determining factors in this decision arc the requirements of

pertinent government agencies or other sponsor

CL Investigation by Federal Agencies

Under 42 CFR Part 50 Subpart and 45 CFR Part 689 federal agencies have reserved the right

to perform their own investigation in cases involving federally funded research at any time prior
to during or following the Universitys investigation and to impose coiieciive actions of their

os in addition to those imposed by the University

Inunediate Notification of Funding Agency

At any time during the course of the inquiry investigation or otherwise the OR in the case of

research conducted under PHS grant or another funding agency or sponsor shall be immediately
notified by the SVPAA as soon as it apoears that there is substantial evidence that

there is an immediate health hazard to patients human research subjects laboratory
workers or stafl

there is an immediate need to protect federal or other funds or equipment

there is an immediate need to protect the human or animal subjects of the research

there is an immediate need to protect the interests of the
person making the allegation or

of the individual who is the subject of the allegation as well as his/her co-investigators

and associates if any

the alleged incident is expected to be publicly disclosed or

there is an indication of possible criminal violations notification of which must take

place within 24 hours

The initial Inquiry Committee or Investigative Panel may also recommend to the SVPAA that

interim administrative action be taken in situations such as those described in 1-6 above



In addition at any lime dwing the course of the
inquizy investigation or otherwise the ORI or the

pertinent funding agency or sponsor shall be apprised of any facts that may affect current or
potential federal or oilier funding for the respondent or that the ORI or another perlinent fimding
agency or sponsor needs to know to ensure appropriate use of federal or other funds and otherwise
protect the public interesi

ifRespondent leaves the University

If the
respondent leaves the University prior to the completion of the initial inquiry or

investigation the inquiry and investigation if any shall nevertheless continue according to the
procedures described above and the respondent shall be afforded full opportunity to participateThe SVPAA may inform the respondents new employer if any and if known of the existence
and status of invesligation and of Ike final findings of the invcsligation

Admission of Misconduct by Respondent

If the respondent admits to misconduct in science prior to the completion of the initial inquiry or
investigation an investigation shall nevertheless be conducted and continued to conclusion in
order to discover the scope of the misconduct or other problems and make recommendations to the
SVPAA The initial inquiry and investigation shall be conducted according to the procedures
described above

Withdrawal of
Allegation by Complainant

If the complainant withdraws his or her allegation prior to the completion of the initial inquiry or
investigation the proceedings shall continue if sufficient information is available to warrant such
continuance

Coiifideuiialitv

The confidentialit and privacy of the respondent the complainant and all others involved in the

procedures undertaken under this polic3ç the confidentiality of the initial Inquir Committees and
Investigative Panels proceedings files reports and records and patient confidentiality in the case
of clinical research shall be maintained to the exient possible and permitted by law However
confidentiality may not be maintained if the allegation is determined to be false and is found to be
made in bad faith see definition Section IV.F Protection of confidentiality does not preclude
disclosures that are necessary in the process of handling allegations of misconduct are in the

public interest are required by statute regulations or rules of the research sponsor or are

component of sanctions and/or corrective actions in the resolution of allegations of misconduct

By Direction of the President

Vice President for Academic Affairs
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NEW s-i-

NEW JERSEY MEDICAL SCHOOL

85 South Orange Avenue

University Heights

c0flfOEfl111
Newark NJ 07103-2714

June22 2001

Helene Hill Ph.D
Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB F-452

Newark NJ 07103

Dear Dr Hill

The Newark Campus Committee on Research Integrity has completed its initial inquiry

prompted by your allegations of potential misconduct in science against Dr Anupam
Bishayee Ph.D regarding experiments conducted in September/October 1999 and during
March 26-30 2001 in the laboratory of Dr Roger Howell at UMDNJ-New Jersey Medical
School

The Committee unanimously concluded that there is no cause based upon insufficient

definitive evidence to warrant further misconduct-in-science proceedings in this case The
Committee has submitted its recommendations to Dr Robert Saporito Senior Vice
President for Academic Affairs who will make the final decision pursuant to University

policy

Thank you very much for your assistance in the conduct of the initial inquiry

Sincerely yours

24d24 .44
Elizabeth RavechØ Ph.D

Chair Newark Campus Committee on Research Integrity

Dr Russell Joffe Dean UMDNJ-New Jersey Medical School

EXHIBIT

30



UMDNJ
UN WER.SITY OF MEDICINE
DENTISTRY oc New JERSEY

Graduate School of Biomedical Sciences
Robert Saporito DOS

New Jersey Dental School Senior Vice President for Academic Affairs

New Jersey Medical School

Robert Wood Johnson Medical School

School of Heath Related Professions

School of
Nursing

School of Osteopathic Medicine

School of Public Health

CO1FDE1i1AL
July 2001

Helene Hill Ph.D

Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB F-452

Newark NJ 07103

Dear Dr Hill

The University of Medicine and Dentistry of New Jersey has Æompleted its proceedings
prompted by your allegations of potential misconduct in science against Dr Anupam
Bishayee Research Associate in Dr Roger Howells laboratory in the department of

Radiology at UMDNJ-New Jersey Medical School The Newark Campus Committee on
Research Integrity charged with reviewing these allegations conducted an Initial Inquiry in

accordance with federal regulations and University policy After considering over period
of two months the testimony of relevant witnesses and reviewing original research data
written testimony the grant proposal published papers and abstracts photographs and
other documents and materials concerning the allegations and the research in question
the Committee unanimously concluded that there is no cause to warrant further

misconduct-in-science proceedings with regard to the allegations After reviewing the
Committees report and the minutes of the Committees meetings along with the
attachments thereto have accepted the Committees findings

Thank you for your assistance in the conduct of these proceedings

Sn erely yours

Robert Saporio D.D.S
Senior Vice President for Academic Affairs

Dean Russell Joffe

Dr Stephen Baker

Dr Roger Howell

Dr Elizabeth RavechØ

Rrnn crrept Rrinm 1441 Nwark NJ q75 Q77.71 c-mi od



List of recipients of notice about Rogers appointment as Chief of the Division of Radiation Research and
the demise of the Section of Cancer Biology

Original Message

From karel campbell abekaUMDNJ.EDU
To Hani Abujudeh judehmdvahoo.com Terry Aquino aguinoumdj.edu
Sohail Contractor sohailcontractorhotmai1 com Robert Fountila
robertfounti1a2ao1 .com Devang Gor roentgen 895vahoo.com Clay
Hinrichs yalcnihZiao1.com David Hirschom hirschor@umdnj.edu Mary Hu
beston2yahoo.com Chris Mele mele@umdnj.edu Jane Rothenberg
janeO caol.com Effi Samuels ephraimfishel@yahoo.com Kartik Shah
shahka@umdnj.edu Vivek Sharma sharmav60@hotmai1.com George Visvikis
gre98992iao1.com Al Ybasco bascoyahoo.com Joy Anderson
andersje@umdnj.edu Marcia Blacksin blacksin@umdni.edu Charles Cathcart
cathcacsiumdnj.edu Kyunghee Cho chokc@umdni.edu Helene Hill
billumdnj.edu Roger Howell rhowell@umdnj.edu Andrew Kalnin
kalninaj@umdni.edu Huey-Jen Lee leehu@umdnj.edu Kristine Mosier
kmradaoI.com Ronald Wachsberg wachsbrh2Iumdnj.edu Leo Wolansky
lwolanskyaoLcom Wen-Ching Liu wliuumdnj.edu Loren Godfrey
godfre1oumdnj.edu Robert Halvorsen ha1vozTa2iumdnj.edu Andre Holodny
ho1odnaiiumdnj .edu Jeffrey Farkas farkasjeumdnj .edu Corey Eber
ebercdunidnj.edu Edouard Azzam Azzamei@urndnj.edu Philip
Bahramipour bahramphumdnj.edu Daniel Contractor contrada@umclnj.edu
Sosanima Methratta methrast2i.umdnj.edu Jill Siegel siege ir2umdnj.edu
Marc Simmons sirnmoflmzudfljcdii Malti Trivedi trivedma@umdnj.edu
Comelia Wenokor wenokoco@umdrij.edu Jutta Greweldinger
gweIdineriaoI.com Helene Goldfarb goldfaheumdnj.edu Joel Bloom
bloornjoumdnj.edu Debra Green green.debra @east-orange.va.gov
Sent Wednesday July 11 2001 525 PM
Subject Announcements

am pleased to announce that Dr Roger Howell has accepted my
invitation to serve as the Chief of the Division of Radiation Research
Please see the attached memo

Stephen Baker MD
Professor and Chair

BIT



July 2001

Roger Howell PhD
Professor

Department of Radiology

Division of Radiation Research

Dear Dr Howell

It gives me pleasure to appoint you the Chief of the Divjsion odiation Research ir Q14Tdepartment If you accept your leadership responsibilities will encompass the previousdivision of Radiation Research and the section of Cancer Biology now to be combined
into one division under the appellation Radiation Research hope you will take on this
position eagerly look forward to written confirmation of that fact from you

Sincerely

Stephen Baker MD
Professor and Chair

Department of Radiology



NEW JERSEY

NEW JERSEY MEDICAL SCHOOL

Division of Radiation Research

Department of Radiology

Phone 973 972-5323/5067

Fax 973 972-6474
E-mail raodvumdrij.edu

rhowell@umdnj.edu

MSB F-451

185 South Orange Averue

University Heights
Newark NJ 07103-2714

Date 7/30/01

MEMORANDUM

To Edouard Azzam Ph.D Assistant Professor of Radiology

Sonia deToledo Ph.D Adlunet Assistant Professor of Radiology

Helene Hill Ph.D Professor of Radiology

From Roger Howell Ph.DhJT
Professor and Chief of Radiation Research

Re Assignment of laboratory space

Effective August 2001 office and laboratory space in the Division of RadiatIon

Research will be assigned as follows

Office

MSB F-453

MSB F-452

MSB F-466

Laboratory

MSB F-468

MSB F-451a

MSB F-451b

MSB F-451

R.W Howell

H.Z Hill

E.l Azzam

Shared between 1-1.Z Hill and E.l Azzam
R.W Howell

E.1 Azzam

R.W Howell

p.-.

The laboratories and offices will be rekeyed Faculty will be provided keys to access their

assigned areas only Post-doctoral fellows will only be provided keys to the laboratories of their

mentors

cc Stephcu Baker M.D. Professor and Chairman of Radiology

University
Jersey



Dision of Radiation Research

Department of Radiology
Phone 973 972-5323/5067
Fax 973 972-6474
E-mail raodvumdnj.edu

rhowell umdnj.edu

StY

NEW JERSEY MEDICAL SCHOOL

MSB F-451
185 South Orange Avenue

University Heights
Newark Nj 07103-2714

Date July 31 2001

To Helene Hill PhD
Professor of Radiology

ME1IO RANDUM

From Roger Howell Ph.D iiJff
Professor and Chief of Radiation Research

Re Access to laboratory space

Thank you for your inquiry regarding access to MSB F-451 as consequence ot the

recent reorganization of the laboratory space within the Division You have requested
clarification of your privileges to access laboratory space within the Division As stated in my
memorandum of July 30 2001 ou have been assigned laboratory space in MSB F-468
laboratory MSE3 F-45 has been assigned to R.W Howell According to the memorandum you
will be denied access to MSB F-45 as of August 2001 By virtue of the layout of the

laboratory space this will also restrict your access to MSB F-45 Ia and MSB F-45l To
facilitate continuation of your collaborative work with Azzarn and deToledo have

assigned MSB F-468 as shared laboratory space with Dr Azzam Equipment of yours that is

necessary for your work will be moved to MSB F-468

You have also asked fbr access to MSII F-45 during my vacation so that you can work

closely with Dr deTokdo during my absence Ers Azzam and deToledo have also intbrmed me
that cells will require refeeding during their absence in the latter part of August Accordingly
access to MSB F-451 is granted during my absence through August 28 2001 The keys of Drs
Azzam and deToledo can be used for this purpose

cc Edouardl Azzam Ph.D

Sonia deToledo Ph.D

Stephen Baker M.D

Lni.tijty \iedcirie Ienti.tr of Nc Jcrey
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UMDNJ

NEwJERSEy
MEDICAL SCHOOL
irierty Micn

185 South Orange Avenue Newark NJ 07103-2714 Phone 973 972.3421 Fax 973 972-5592

CONFIDENTIAL

MEMO

Date Monday August 13 2001

To Karen Putterman M.D Vice-President for Academic Affairs

From Helene Hill Ph.D Professor of Radiology

se Retaliation

Mark Schorr Esq attorney for the AAIJP suggests that give the University every opportunity to make
things right without going through the formality of the grievance process presume that you will do yourbest to rectify this matter and assume that have your assurance that this will be the case He further
suggests that send you copy of the grievance that have prepared in order to properly record the eventsand my desired remedy Please note that have not included attachments as you have those documents in
your possession already However if you believe need to file grievance to set things right please letme know

Text of the proposed Grievance

On April 10 20011 reported to the Chairman of the Newark Campus Committee on Research Integrity Drlizabeth RavechØ acts committed by Fellow in the laboratory of Dr Roger Howell that believedatisfied the University definition of Scientific Misconduct University guidelines require Faculty Members
to report suspicions of misconduct cf the white tag we are required to wear and my report was made as perthese requirements University policy also protects the reporter of possible scientific misconduct from
retaliation On June 22 2001 Dr RavechØ reported to me that there was insufficient definitive evidence towarrant further misconduct-in-science proceedings in this case

On July 30 2001 Dr Howell sent me memo attached and on July 31 2001 second memo attachedthat have barred my access to the laboratories of the Division of Radiation Research thereby preventing mefrom effectively carrying out my research in collaboration with Drs Edouard Azzam and Sonia de Toledo Itneeds to be understood that since am not allowed to enter MSB-F45 the door must be locked at all timesbecause of the radioisotopes that are contained therein --1 cannot gain access to MSB-F451b where they domost of their work This will seriously impair our collaborative endeavors Furthermore although DrHowell has offered to move my equipment large incubators into the small laboratory assigned to meMSB-F468 this is not feasible as there is no more room in that laboratory There are number of other
shared instrwnents and fume hoods that would not be able to use as they would remain in MSB-F45 DrHowell has not given me any reason for his action He did however on July 2001 say to me do not

http//njms.umcinj.eduj

The
Unrversity is an affimalive adionlequal oppothinity employer



want to have anything more to do with you This was followed on July 11 by copy of letter to DrHowell from my department Chairman Dr Baker sent to all the members of my department which wasobviously designed to chastise demean and humiliate me attached My name was not mentioned but theintent of this memo is clear This letter effectively put Dr Howell in complete control over my activities in
the Division of Radiation Research

reported what believed was misconduct in good faith It was my understanding that could do no less asresponsible member of the faculty and the University community am deeply saddened that the result hasbeen what appears to be retaliation that impedes my own research

believe that Dr Howell supported by Dr Baker barred me from the Division Laboratories in retaliation formy report regarding his Fellow know of no other possible explanation

Requested Remediation

ask only the restoration of the status quo with regard to access to the Division Laboratories as it existedbefore the memos of July 30 and July 31 That is that be issued key to MSB-F45 so that can enter andleave that suite of laboratories at will and that be able to continue to use instruments and equipment thatad access to before that time further ask that Dr Howell shall no longer be my supervisor

htlpi/njunxin.enj
The

Univeisity an affirmative
action/equal

opportunity employer



Helene Hill Ph.D
Silver Spring Road

West Orange NJ 07052-43 17
Tel/Fax 973-736-0738

hzhzll@lome.com

Thursday August 23 2001

Dr Kay Fields

Division of Investigative Oversight

Office of Research Integrity

5515 Security Lane

Suite 700

Rockville MD 20852

Dear Dr Fields

As per our conversation last week am sending you material
regarding scientific

misconduct at the New Jersey Medical School believe that the acts observed by myselfand my colleague Dr Marek Lenarczyk constitute misconduct in science as defined in
our University policy as fabrication falsification plagiarism or other practices that
seriously deviate from those that are commoniy accepted within the scientific communityfor proposing conducting or reporting research believe that the fmdings of the initial
investigation of insufficient definitive evidence for scientific misconduct were in error

present to you the material that provided to the Committee and also relate that in the
aftermath the key experiments cannot be replicated and the person that accused of
misconduct was forced to resign and has been black-balled from obtaining jobs in the
relevant field

The grant in question is RO1CA83 83 Roger Howell Ph.D Principal Investigator
Effects of non-uniform distributions of radioactivity total costs requested for years$1358075 lam listed as co-Investigator on this grant

If after you review the material that provide and that the University will provide youand you agree with me ask that the inquiry be reopened and proceed to the second
investigative phase as described in our University guidelines for misconduct

During your initial investigation of this matter prefer to remain anonymous

Thank you for your patience with me have every hope that we will eventually get to
the truth of this matter

Sincerely yours

Helene Hill Ph.D

IBIT
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DEPARTMENT OF HEALTH HUMAN SERVICES Public Health Service

Office of Public Health and Scier

Office of Research Integrity

5515 Security Lane Suite 700

Rockville MD 20852

Tel 301-443-5330

Fax 301-594-0043

CONFIDENTIAL/SENSITIVE

August 27 2001

Helene Hill Ph.D

Silver Spring Road

West Orange NJ 07052-4317

Reference DIO 2352

Dear Dr Hill

This will acknowledge receipt of your August 23 2001 letter to Dr Kay Fields of the Office of
Research Integrity OR regarding an allegation of possible scientific misconduct involving Public
Health Service PHS grant ROl CA83 838 Roger Howell Ph.D Principal Investigator at the
University of Medicine Dentistry of New Jersey

Scientific misconduct is defined in PHS regulations 42 C.F.R 50 as fabrication falsification
plagiarism or other practices that seriously deviate from those that are commonly accepted within
the scientific Community for proposing conducting or reporting research It does not include
honest error or honest differences in interpretations or judgments of data To establish 0111
authority to investigate an alleged act of scientific misconduct we must determine that the
allegation of possible misconduct meets the definition of scientific misconduct above and that
the allegation is related to PHS- supported research or an application for PHS support

This matter will be assigned to an investigator who will contact you if it is determined that
additional specific information is

necessary for us to complete our review

Sincerely

Alan Price Ph.D

Ir1
Director

Division of Investigative Oversight

Office of Research
Integrity



DEPARTMENT OF HEALTH HUMAN SERViCES
Public Heaith Service

Office of Public Health and Science

Office of Research
lr.teQrfty

5515 Security Lane Suite 790

Rockviiie MD 20852
Pho 301-443-3400

FAX 301-594-0043

SEP 5-

CONFEDENTJ AL/SENSITIVE

Dr Helene Hill

Silver Spring Road

West Orange NJ 07052-4317

Re 0R12001-28

Dear Dr Hill

The Division of Investigative Oversight D1O of the Office of Research
integrity ORI has

completed its oversight of the University of Medicine and Dentistry of New Jerseys EJMDNJ
inquiry into allegations that you forwarded to OR of possible scientific misconduct involvingalleged falsification of research included in National Cancer Institute NC National Institutesof Health NIT-i grant application ROl CA83838-OIA1

ORI concurred with the institution that there is insufficient evidence to warrant an investigation

Consistent with Federal law and ORI policy inquiries that result in recommendatjoii that no
investigation is warranted remain confidential

We appreciate your bringing these allegations to our attention

Sincerely

Chris Pascal J.D

Director

Office of Research
Integrity



Helene Hill Ph.D
Silver Spring Road

West Orange NJ 07052-43 17

Tel/Fax 973-736-0738

hzhill@home corn

Saturday November 03 2001

Kay Fields Ph.D Scientist-Investigator

Division of Investigative Oversight
Office of Research Integrity

5515 Security Lane

Suite 700

Rockville MD 20852

Reference DIO 2352

Dear Dr Fields

It is now more than two months since sent you the material regarding my allegation of
scientific misconduct at the New Jersey Medical School hope that you will not think
me presumptuous if ask to know what is your progress and/or your time line

am in contact with Dr Bishayee and think it is important to inform you that he has not
been successful in finding another job and is having financial difficulties He has

changed his visa from to visitor or tourist and understand that if he does not find

sponsor he will have to return to India sometime in January or February

find myself becoming increasingly uncomfortable when other scientists refer to the
work on which am co-author which now know not to be true am loathe to take any
action on this matter until know the outcome of my request to the ORI to reinvestigate
this misconduct

Sincerely yours

Helene Hill Ph.D

BI
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Dear Dr Fields

You asked me to verify the Figures in the two papers that contained data thatcould not be reproduced Bishayee et Rad Research 152 88-97 1999 Bishayee etRad Research 155 335-344 2001 These would indeed be Figures and in the
earlier paper and 2A in the more recent paper Also Figure in Dr Roger Howells
grant application depicts the data in the 1999 experiment that believe to have been
fabricated

As far as know the experiment that was repeated many times without showing
bystander effect only involved incubating 50% radio-labeled cells with non-labeled cellsin the absence of any modifiers such as lindane and DMSO The results did not show
rapid decline in survival to 50% followed by slower decline They showed rapid
decline to about 50% and then little or no further killing The other conditions -- 1-
lindane 1- DMSO would only be relevant if there were bystander effect and declinein survival after 50% in the master experiment

Dr Marek Lenarczyk should have the data from the experiments that he did am
sure that he would be glad to talk with or correspond with you His email address is

mlenarczykpzh.gov.pl
would like to ask you if you could send me copy of the first letter that

received about the misconduct before the investigation began that says that would getcopy of the report As told you could not find my copy and have no idea where it canbe Also would you be able to send me copy of the report am sure would have
some observations about it that might be useful

Along those lines have thought about what both Drs Anupam Bishayee andHowell said about second experiment and second cell line As you can see from the
plan of the lab quarters are small and Marek and Anupam spent most of their time
together in the inner lab If there had been second experiment Marek would certainlyhave known about it Rogers routine which never knew to vary was such that cells
were harvested for rolling on either Monday or Thursday and they rolled overnight to be
harvested on Tuesday or Friday They then incubated at 10.5 degrees until the next
Friday or Monday We know that there was no experiment started on Thursday March29 because my notes show that the rollers were empty in the morning before Anupamcame in Furthermore if Anupani had processed cells for new experiment which
appeared in the 10.5 degree incubator at the very time that the previous experiment wouldhave disappeared from the same incubator he would have had to be miracle workerbecause he had plenty to do that whole morning getting cells ready for the FACS There
was no protocol for such an experiment at the time that we copied pages from the
notebook to make our report and there is no evidence for such an experiment in the
radioactivity record We know that the tubes that remained in the incubator were
radioactive because we counted them later see notes from March 31 The second cell
line would almost certainly have been AG1522 which Anupam was growing in Tl75
flask in his incubator The flask was not contaminated but on Friday the day the putativeexperiment would have gone into the 10.5 degree incubator that flask was in the trash
remember looking at the cells They had not been trypsinized but were floating in sheets
They had apparently overgrown and detached common problem with human
fibroblasts Furthermore at the time that Anupam told Marek that he was working with
clusters those

very clusters were still
sitting in the incubator

EXHIBIT



Helene Hill Ph.D
Silver Spring Road

West Orange NJ 07052-4317

Tel/Fax 973-736-0738

hzhillcOmcastnet

Thursday August 222002

Alan Price Ph.D Director
Division of Investigative Oversight
U.S Department of Health and Human Services

Office of Research Integrity

5515 Security Lane Suite 700

Rockville Maryland 20852

Re 200126

Dear Dr Price

would like to add information that may not be known to you to that which you alreadyhave concerning this case

.1 Analysis of all the Coulter counts that have in my notebook for the period of
9/13/1999 2/28/2000 employing the method outlined in the recent article by Mosimannet J.E Mosimann Dahlberg i.E Davidian N.M and Krueger J.W Terminal digitsand the examination of questioned data

Accountability in Research 75-92 2002 Seeattached Table

Dr Bishayee recorded 198 Coulter counts and recorded 160 Dr Bishayee counted
smaller volume than did so his numbers had only digits of which analyzed the units
position Some of my numbers had digits so analyzed both the units and the tens
positions There is one chance in 56.8 billion that Dr Bishayees 198

digits are randomlydistributed and one chance in 4.26 that my 160 digits are randomly distributed Thevalue for Dr Bishayees data 0.0000000000 176 is highly significant while that for mydata 0.235 is not significant by usual statistical standards You should of course checkout these numbers with your own statistician

The Coulter counts are important because they are used in the mutagenesis arm of these
experiments to determine how many cells to reseed in order to obtain enough cell
doublings for mutation expression as well as to determine how many cells to seed for
plating efficiencies and for quantitation of the frequency of mutants resistant to the
challenge drug The protocol that was followed in these experiments is known as the
Banbury Protocol J.P ONeill and A.W Hsie The CHOIHGPRT Mutation Assay
Experimental Procedure in A.W Elsie J.P ONeill and V.K McElheny eds BanbuiyReport Mammalian Cell Mutagenesis The Maturation ofTest Systems Cold Spring



H.Z.BillPage2

Harbor Laboratory 1979 pages 55-69 The data for 9/13 9/1710/1 and 10/4/1999 were
included in the material that sent to the ORI last year The data for 12/6 12/20/99 and
2/28/00 are in my notebook However was never asked to submit any additional
results Copies of these experiments are attached

2. Dr Bishayee lived in an apartment that rented for my son who has been hospitalized
for some time thus am knowledgeable as to his immigration situation both before and
after the University made its decision Dr Bishayee was promoted from part-time Post
Doctoral Fellow to Research Associate in the summer of 2000 after Dr Howell started
his RO grant His salary went from less than $20000 with health insurance only to
about $35000 with full benefits At that time he changed his visa from Ji to an Hi
and began an application for green card He left the Laboratory of Radiation Research
at the end of July 2001 You may have been told that he left to pursue an interest in
Molecular Biology However he was handed letter of resignation which he was told to
sig

On or about the end of August because he no longer had sponsor Dr Bishayee
changed his visa from an Hi visa to Visitors visa good for months When it expiredhe renewed it for an additional final months Employment is not permitted on such
visa and he was unemployed duritig this time His visa status during this period can be
verified by contacting the INS In December he was no longer able to pay for the
apartment and did not do sc.again until March For months he did not pay me becausehe told me he was out of money In March he found employment in Dr Pains
laboratory and was able to change his visa back to an Hi Dr Pain came from the

University of Pennsylvania and did not set up his laboratory until October

It seems unlikely that Dr Bishayee would voluntarily leave high salaried job to become
unemployable subject to deportation if he could not find new sponsor and no longer
eligible to apply for green card

Please take these facts in to consideration when you make your final decision regarding
the disposition of this case

Thank you

tk4JU
Helene Hill Ph.D

CC Chris Pascal Director J.D Director ORI
Attachments
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DEPARTMENT OFHEALTHHUMAN SERVICES Public Health Service

Office of Public Health arid Science

Office of Research Integrity

5515 Security Lane Suite 700

Rockvifle MD 20852

Ph 301-443-5330

FAX 301-594-0043

email ipritaosphs.dhhs.c

ORl Web site http//on.hhs.gov

CONFIDENTIAL SENSITIVE

September 2002

Dr Helene Hill

Silver Spring Road

West Orange New Jersey 07052-4317

RE D102001-28

Dear Dr Hill

The Division of Investigative Oversight DIO Office of Research Integrity ORI received late

last week your letter dated August 22 2002 Since Dr Kay Fields told me that she encouraged

you when you called her last month to submit any new allegations or evidence directly to the

University of Medicine and Dentistry of New Jersey the institution responsible for investigating

the referenced case assume you have done so

also assume that Dr Fields told you to contact me since she had removed herself from the case

When you called me on August 14 2002 told you that thought Mr Chris Pascal would be

making the decision for ORT in the next couple of weeks and he did so before your recent letter

arrived The closeout letters have been mailed so you should be receiving one from him soon

Dr Fields may have discussed with you that she had already done similar analysis as part of her

earlier oversight review in this case and it was considered by DIO and ORI in the discussions of

how to handle this matter

Sincerely

Alan Price Ph.D

Director Division of Investigative Oversight

Associate Director

Office of Research Integrity

EBIT
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November 25 2002

Helene Hill Ph.D
Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB E-586g
P.O Box 1709

Newark New Jersey 07101

Dear Dr Hill

Pursuant to the UMDNJ policy on Misconduct in Science copy enclosed this letter is to inform

you of an Initial Inquiry into an allegation of misconduct in science opened today November 25
2002 by the Newark Campus Committee on Research Integrity You are the complainant and
the respondent is Anupam Bishayee Ph.D formerly Research Associate Ill in the Department
of Radiology

The allegation involves possible falsification and/or fabrication of data for NIH grant ROl
CA83838

You are being given the opportunity to be heard today November 25 2002 and will be expected
to cooperate fully .inthis and any subsequent proceedings Pursuant to University policy

confidentiality will be maintained to the extent possible and permitted by law The policy states
that appropriate action will be taken against those who attempt to retaliate against those reporting
misconduct in good faith The policy also states that appropriate action will be taken against
individuals found to have made an unsubstantiated allegation which the complainant knew or had
reason to know was false or an allegation made with reckless disregard for or willful ignorance
of facts that would disprove the allegation

Sincerely yours

Chair Newark Campus Committee on Research Integrity

Enclosure University Policy on Misconduct in Science

EXHIBIT

65 Berqen Street Suite 1124 Newark NJ 07107-3001 Phone 973 972-7448 Fax 973 972-7453 Web Site www urndn.edu



vI UMDNJ
UNIvERsITy OF MEDICINE
DENTISTRY OF NEw JERSEY

UNIVERSITY POLICY

SUBJECT ACADEMIC AFFAIRS TITLE MISCONDUCT IN SCIENCE

CODING 0O-01-20-6Q00 ADOPTED 07/15/89 AMENDED 10/18/02

PURPOSE

To establish policy and procedures for the
Universitys response to allegations and apparent occurrences of

misconduct in science for which the University is the grantee or which is conducted by or under the

direction of any employee or agent of the University in connection with his or her institutional

responsibilities The objective of this policy is to ensure the prompt and appropriate investigation of

alleged or apparent misconduct while protecting the rights of individuals both those who report misconduct

and those about whom allegations are made

This policy is intended to implement the Federal Law 42 U.S.C Section 289b and the regulations

promulgated pursuant thereto 42 CFR Part 50 Subpart and 45 CFR Part 689

II APPLICABILITY

This policy applies to faculty members housestaff trainees students including postdoctoral fellows
volunteers attending physicians and staff members

III ACCOUNTABILITY

Under the direction of the President the Senior Vice President for Academic Affairs shall ensure

compliance with this policy The Vice President for Academic Affairs shall implement this policy

IV DEFINITIONS

Misconduct in science fabrication falsification plagiarism or other practices that seriously
deviate from those that are commonly accepted within the scientific community for proposing

conducting or reporting research Misconduct does include those factors intrinsic to the

process of science such as honest
error conflicting data or differences in interpretations or

judgments about data or experimental design

Other research practices or activities that deviate from those commonly accepted within the

scientific community and civil or criminal misconduct and regulatory violations
occurring in the

course of research such as theft or other financial misfeasance harassment discrimination and
violations of regulations or University policies governing human subjects animals recombinant

DNA or use of hazardous materials shall be addressed by the University administratively or

through laws and regulations

SVPAA shall mean the Senior Vice President for Academic Affairs

VPAA shall mean the Vice President for Academic Affairs

Complainant the individual who made an alle ation of misconduct in science

EXHIBIT
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Respondent the individual against whom the allegation was made

Allegation made in bad faith the intentional filing of an allegation which the complainant knew
or had reason to know was false or an allegation made with reckless disregard for or willful

ignorance of facts that would disprove the allegation

POLICY

UMDNJ faculty administration staff students and volunteers have an important responsibility to

maintain high ethical standards in scientific research that is conducted on University premises by
University personnel These standards based upon well-established principles of scientific

research include validity accuracy and honesty in proposing and performing research in

collecting analyzing and reporting research results and in reviewing the research of others

Failure to observe these principles that results in misconduct in science damages the Universitys

image the general public trust and the entire scientific community In addition University

personnel who conmilt research misconduct breach their obligations to the University

UMDNJ faculty administration staff students and volunteers also have the responsibility to

report known or suspected instances of misconduct in science to the
appropriate Campus

Committee on Research Integrity see Section V.D below

The University shall make diligent efforts to assure that

those reporting alleged misconduct in good faith are protected from retaliation

appropriate action will be taken against individuals who attempt to retaliate against those

reporting misconduct in good faith

appropriate action will be taken against individuals found to have made unsubstantiated

allegations in bad faith see definition Section W.F

the reputations of those unfairly accused are not damaged or are restored

Immediate Notification

At any time during the course of the preliminary assessment initial inquiry investigation or

otherwise the following notifications shall immediately be made

If the Campus Committee or Investigative Panel becomes aware of risk to human
subjects or deviations in an Institutional Review Board IRB-approved protocol or other

breach of University policy regarding human subjects research the chair of the

Committee or Panel shall notify the Executive Director of Human Subjects Protection

and the Campus IRB Chair

If the Campus Conm-iittee or Investigative Panel becomes aware of the commission of
criminal act the Chair shall notify Public Safety

If the Campus Committee or Investigative Panel becomes aware of incidents of

harassment or discrimination the Chair shall notify the Office of Affirmative

Action/Equal Employment Opportunity

If the Campus Committee or Investigative Panel becomes aware of non-compliance with

federal or state law or regulation or with University policy the Chair shall notify the

Office of Business Conduct and the Office of Legal Management

If the Campus Committee or Investigative Panel becomes aware of any facts that may
affect current or potential federal or other

funding for the respondent or facts that the

funding agency or sponsor needs to know to ensure appropriate use of federal or other

Misconduct in Science
of 13

Amended 10/18/02



funds and otherwise protect the public interest the Chair shall notify the SVPAA who
shall apprise the Office of Research Integrity ORI or the pertinent funding agency or

sponsor

If there is found to be substantial evidence of any of the following the SVPAA shall be

informed and shall notify immediately the ORI in the case of research conducted under

Public Health Service grant or if the research results were used in Public Health Service

grant fellowship or contract application or another funding agency or sponsor

There is an immediate health hazard to patients human research subjects

laboratory workers or staff

There is an immediate need to protect federal or other funds or equipment

There is an immediate need to protect the human or animal subjects of the

research

There is an immediate need to protect the interests of the person making the

allegation or of the individual who is the subject of the allegation as well as

his/her co-investigators and associates if any

The alleged incident is expected to be publicly disclosed

There is an indication of possible criminal violations notification of which must

take place within 24 hours

Campus Committees on Research Integrity

Three Campus Committees on Research Integrity shall be established one each for Newark
Piscataway/New Brunswick and Camden/Stratford These Committees shall be called together by

the Chairperson or his/her designee on an as-needed basis to review allegations and reports of

misconduct in science and apparent instances of misconduct but in any event at least

semiannually

Membership

Membership of the Campus Committees shall consist of tenured faculty members

representing the schools on that campus Members shall represent mixture of the basic

and clinical sciences and shall have strong research experience and other appropriate

qualifications to judge the issues raised by allegations of misconduct in science The

members should be of appropriate status and stature with regard to their schools research

enterprise in order to be effective in carrying out initial inquiries

The Newark Committee shall have seven members two faculty members from

New Jersey Medical School one Of which shall be from the basic sciences and

the other from the clinical sciences and one faculty member each from the

Graduate School of Biomedical Sciences-Newark Division New Jersey Dental

School School of Health Related Professions School of Nursing and School of

Public Health

The Piscataway/New Brunswick Committee shall have six members three

faculty members from Robert Wood Johnson Medical School representing both

the basic and clinical sciences and one faculty member each from the Graduate

School of Biomedical Sciences-Piscataway Division School of Health Related

Professions and School of Public Health

The Camden/Stratford Committee shall have six members one faculty member
each from Robert Wood Johnson Medical School-Camden School of
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Osteopathic Medicine Graduate School of Biomedical Sciences-Stratford

Division School of Nursing School of Health Related Professions and School

of Public Health

Appointment

Members shall be appointed by the SVPAA upon the recommendations of the Deans

following consultation with their faculties

Term of Appointment

Members of the Campus Committees shall serve for terms of three
years which may be

renewed In the event of an extended absence or resignation of Campus Committee

member an alternate to serve out the term shall be appointed by the SVPAA in the same

manner as original appointments.

Chair

Each Campus Committee shall elect chairperson who should be at the rank of full

professor The Chairperson or designee shall call all meetings whether regularly

scheduled or in response to the receipt by any member of the Campus Committee of

report or allegation of misconduct in science

Functions

The functions of the Campus Committees shall be to

receive reports or allegations of misconduct in science from any source within or

external to the University about University individuals working on that campus
or whose primary academic appointment is at school on that campus however
when appropriate any given allegation may be assigned by the Campus
Committee for action to another Campus Committee

conduct initial inquiries of allegations of misconduct in science and send

resulting reports to the SVPAA and

supply the VPAA with the information needed to make the Universitys annual

submission to the OR of the Office of the Secretary for Health pursuant to 42
CFR Part 50

Expenses of the Campus Committees

Expenses related to the general functioning and training of the Campus Committees shall

be borne by the schools on that campus

Initial Inquiry

The initial inquiry shall involve information gathering and initial fact fmding to determine whether

an allegation of misconduct in science or apparent instance of misconduct warrants further

investigation

Preliminary Assessment of Allegation

The Campus Committee shall perform preliminary assessment of an allegation or report
to determine if an initial inquiry is warranted This determination shall be limited to

whether the allegation meets the defmition of misconduct in science as set forth in

Section IV.A and whether there is or could be adequate information available to proceed
with an initial inquiry This determination shall take place within ten 10 working days
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of the Committees receipt of the allegation or report In the case of research disputes

when an initial inquiry is not felt to be warranted the Committee may recommend the

services of the Schools research ombudsperson When an initial inquiry is not felt to be

warranted the Committees reasons shall be documented and the complainant shall be

informed The identification of the respondent shall be kept confidential from everyone

without need to know

Initiation of Initial Inquiry

The Campus Committee hereinafter the Initial Inquiry Committee shall meet to begin

the initial inquiry within ten 10 working days of its determination that the allegation

warrants an initial inquiry

Conflict of Interest/Bias

It is the responsibility of each member of the Initial Inquiry Committee to divulge

potential conflicts of interest In the event that any member of the Initial Inquiry

Committee has any real or apparent personal or professional conflicts of interest or bias

with respect to the respondent complainant or case that member shall be recused Such

conflicts include but are not limited to involvement with the research in question

competition with the respondent and previous or ongoing close professional or

academic relationship with either respondent or complainant

Notification of Initial Inquiry

Within fourteen 14 calendar days of the initiation of the initial inquiry the respondent

the complainant the Dean of the appropriate School the President/CEO of the pertinent

patient care unit or the Vice President of the pertinent administrative unit in the case of

non-faculty respondent who is an employee of such unit and the VPAA shall be notified

in writing of the inquiry by the Chairperson of the Initial Inquiry Committee Under

certain circumstances set forth in Section V.C the Office of Research Integrity ORI in

the case of research conducted under PHS grant or another pertinent funding agency
must be immediately notified

Rights and Obligations of the Respondent

The respondent shall be informed of the charges of the opportunity to be heard as well

as the obligation to cooperate fully and that unreasonable refusal to supply relevant

material or other uncooperative behavior shall constitute violation of this policy Legal

counsel may not participate in the initial inquiry

Sequestering of Data and Other Materials

At the time the respondent is notified of the inquiry the Initial Inquiry Committee shall

with the assistance of the Deans or Vice Presidents office and/or of campus security

and/or Information Services Technology 1ST personnel if necessary take custody of

and sequester any original data research records and other material and documents

necessary to the conduct of the initial inquiry and potential future investigation An

inventory shall be made of each item removed This inventory shall be signed by the

Initial Inquiry Committee Chairperson and copy given to the respondent Efforts

should be made to permit the research to continue while the initial inquiry and other

procedures go forward If original materials are required for the proceedings the

Committee Chairperson or designee shall give the respondent reasonable access to

original or unduplicatable materials during the proceedings In addition copies of

original documents and records shall be made for the respondent Materials sequestered

shall be stored in manner to ensure their preservation
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Consultants and Ad Hoc Members for Initial Inquiry Committee

For purposes of the initial inquiry the Initial Inquiry Committee in its discretion may
seek expert scientific advice and/or decide to add ad hoc members such as experts in

particular field student representatives or postdoctoral fellow representatives especially
if student or postdoctoral fellow is the respondent

Duration of Initial Inquiry

The Initial Inquiry Committee shall complete the inquiry and
prepare written report

summarizing the conduct of the initial inquiry and its conclusions for the SVPAA within

sixty 60 calendar days from the date the initial inquiry began If circumstances warrant

longer period the records shall include documentation of the reasons for exceeding the

60 day period and the Initial Inquiry Committee may request an extension of time from

the SVPAA If such an extension is granted the respondent shall be so notified

Decision of Initial Inquiry Committee

The Initial Inquiry Committee shall decide by majority opinion whether the initial inquiry
reveals

finding of no cause i.e insufficient credible evidence of misconduct in science

to warrant further investigation The reasons for this decision shall be

documented in sufficient detail to permit later assessments of this decision if

necessary written
report summarizing the conduct of the initial inquiry and

its conclusions shall be prepared for the SVPAA The respondent shall be given

copy of the report and the respondents comments if any shall be made part
of the record The complainant and the appropriate Dean or Vice President shall

be notified in writing of the Committees decision The Initial Inquiry
Committee may also make recommendations to the SVPAA regarding actions to

restore the reputation of the respondent and may consult with the respondent in

this regard The Initial Inquiry Committee may also make recommendations to

the SVPAA concerning actions against complainant found to have made
unsubstantiated allegations in bad faith see defmition Section IV.F

finding of cause i.e of the existence of credible evidence of misconduct in

science sufficient to warrant further investigation In this event the Initial

Inquiry Conmiittee shall recommend to the SVPAA that an investigation be
initiated to formally examine and evaluate all relevant facts to determine if

misconduct has occurred

written report summarizing the conduct of the initial inquiry and its

conclusions shall be prepared for the SVPAA The respondent shall be given

copy of the report and the respondents comments if any shall be made part of

the record Comments of the respondent about the Committees decision must
be filed with the Committee within five working days of receipt of the

report The complainant and the appropriate Dean or Vice President shall be

notified in writing of the Committees decision

If the Initial Inquiry Committee fmds there is high probability that false or

misleading information has been or may be disseminated to the scientific

community and that such dissemination could cause significant harm the

Committee may recommend that the SVPAA if he or she initiates an

investigation inform the
following individuals of the existence and status of the

investigation editors of scientific journals in which articles or other

publications concerning the research under investigation have been published or

are pending publication and program directors of scientific meetings at

which the research under investigation is scheduled to be presented
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10 Decision and Actions of the SVPAA

The SVPAA has the sole discretion to accept reject or modify the recommendations of

the Initial Inquiry Committee The SVPAA shall make decision concerning the

recommendations of the Initial Inquiry Committee within ten 10 working days of

receipt of the Committees report

If the SVPAA accepts the recommendation of the Initial Inquiry Committee that

there is insufficient credible evidence of misconduct in science to warrant

further investigation the case shall be closed

The SVPAA shall notify in writing the respondent the complainant all

individuals interviewed or otherwise informed of the allegation and the

appropriate Dean or Vice President of the disposition of the allegation In the

event that the OR or another pertinent funding agency or sponsor was notified

during the initial inquiry under the circumstances enumerated in Section V.C
the same shall be informed by the SVPAA of the finding of no cause following

the inquiry and that the University considers the case closed When necessary

and in consultation with the respondent diligent efforts shall be undertaken fully

to restore the reputation of the respondent

If the SVPAA fmds that the allegation was made in bad faith see definition

Section IV.F pursuant to recommendation of the Initial Inquiry Committee

he/she shall determine whether and what administrative actions should be taken

against the complainant pursuant to applicable University policies procedures or

contracts

All research records original data and other original materials sequestered by

the Initial Inquiry Committee from the respondent or furnished by others shall

be returned

The Chairperson of the Initial Inquiry Committee shall gather the original

records of the proceedings of the initial inquiry and copies of all documents and

other materials furnished to the Committee This file shall be sent to the

SVPAA who shall seal it and retain it in locked confidential cabinet for at least

five years and preferably indefinitely The documents shall upon request be

provided to authorized personnel representing the funding agency or sponsor

Otherwise access to materials in the file shall be available only upon
authorization of the SVPAA for exceptional cause

If the SVPAA accepts the recommendation of the Initial Inquiry Committee that

there is credible evidence of misconduct in science sufficient to warrant further

investigation the SVPAA shall initiate an investigation All files accumulated

by the Initial Inquiry Committee in this matter shall be transferred to the Office

of the SVPAA

The SVPAA shall provide notice of the investigation in writing to the

respondent the complainant the appropriate Dean or Vice President the Vice

President of the Office of Legal Management and the Director of the Office of

Research Integrity OR if the research in question was funded by the Public

Health Service or if the research results were used in Public Health Service

grant fellowship or contract application or the director of another pertinent

funding agency or sponsor if required see paragraph below Notification

should include the name of the respondent the nature of the charges and the

specific applications or grant numbers involved The SVPAA may also decide

to notify certain editors of journals or program directors of scientific meetings

pursuant to recommendation from the Initial Inquiry Committee
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Under certain circumstances set forth in Section V.C the funding agency must

be immediately notified

If the SVPAA for good reason cannot accept the recommendation of the Initial

Inquiry Committee the SVPAA shall document his or her reasons and

communicate these in writing to the Committee the respondent the

complainant and the appropriate Dean or Vice President In accordance with

the SVPAAs decision either the procedure outlined in Section V.E 0.a or

Section V.E l0.b shall be followed

11 Expenses of the Initial Inquiry

Expenses of initial inquiries shall be borne by the Dean or Vice President in whose

School or Unit the respondents research in question has been or is being conducted

Investigation

The investigation shall be formal examination and evaluation of all relevant facts to determine if

misconduct in science has occurred It shall include interviewing the complainant and the

respondent as well as others who might have relevant information reviewing original data

research records and other necessary material and documents talking with experts considering

materials and/or comments submitted by the respondent and complainant reviewing relevant

literature publications correspondence memos etc

Formation of Investigative Panel

An investigative panel shall be appointed by the SVPAA consisting of three scientists

with strong research experience and other appropriate qualifications to judge the issues

raised in the investigation These individuals may be internal to the University or

external University faculty serving on investigative panels must be tenured Members
of the Initial Inquiry Committee shall be appointed to the Investigative Panel

Conflict of Interest/Bias

In making appointments to the Investigative Panel precautions shall be taken against real

or apparent personal or professional conflicts of interest or bias with respect to the

respondent complainant or the case For example Panel members should not be

involved with the research in question should not be professional competitors with the

respondent and should not have previous or ongoing close professional or academic

relationship with either respondent or complainant

Rights and Obligations of Respondent

The respondent shall be notified of the charges the opportunity to be heard and the

obligation to cooperate fully with the investigation Such notice shall inform the

respondent that the investigation may determine whether or not misconduct has

occurred and/or if the actions or conduct investigated are/is otherwise unacceptable

within the University for proposing performing or reviewing research or reporting

research results The respondent shall also be informed that unreasonable refusal to

supply relevant material or other uncooperative behavior constitutes violation of this

policy

Objections to Proposed Investigative Panel Members

The respondent and the complainant shall be informed of the proposed membership of

the Investigative Panel If the respondent or the complainant objects to the participation

of any member of the Investigative Panel based upon personal or professional conflict of

interest or bias with respect to the respondent complainant or the case this objection
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must be made within five working days in writing to the SVPAA who shall decide

whether to replace the challenged member The decision of the SVPAA shall be final

Such challenges to the membership of the Investigative Panel must be resolved prior to

the official appointment of the members by the SVPAA

Appointment of and Charge to Investigative Panel

The SVPAA shall appoint the members of the Investigative Panel and shall administer

the charge to the Panel The official date of the initiation of the investigation shall be the

date of the first meeting of the Investigative Panel This shall be within thirty 30
calendar days of the completion of the initial inquiry transmission of written report to

SVPAA by Initial Inquiiy Committee

Chairperson of Investigative Panel

The Investigative Panel shall choose its chairperson at its first meeting

Staff to Investigative Panel

The SVPAA and the Vice President for Legal Management shall assign staff to assist the

Investigative Panel Staff shall consider themselves and their activities for the

Investigative Panel as strictly confidential

Protection of Complainant from Retaliation

The SVPAA shall coordinate the Universitys efforts to protect the complainant from

retaliation during and after the inquiry and investigation working with all relevant

University offices in these efforts

Conduct of Investigation

Procedural Protection

Every effort shall be made to ensure comprehensive fair and expeditious

investigation The respondent shall have the opportunity to examine all

evidence forwarded to the Panel to be represented by legal counsel to present

evidence to the Panel including witnesses on the respondents behalf and to

cross-examine witnesses including the complainant Anonymous third-party

statements are not admissible as evidence

Confidentiality

The respondent and the complainant shall be afforded confidential treatment to

the extent possible and permitted by law Files shall be kept in central location

in locked cabinet accessible only to the appropriate individuals taking part in

the investigation

Testimony before the Investigative Panel

Tape recordings shall be made of all testimony given Documentation

including original data substantiating the Investigative Panels findings will be

carefully secured prepared and maintained Transcriptions of the taped

interviews shall be provided to the
persons interviewed for comment or revision

and included as part of the investigative file

Sequestering of Additional Data and Material
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The Investigative Panel may secure and sequester additional pertinent original

research data records documents and other material from the respondent or

others using inventories and signed receipts for all material taken If additional

original materials are required for the proceedings the Panel chairperson or

designee shall give the respondent copies of original documents and records and
reasonable access to original or unduplicatable materials during the proceedings
Materials sequestered shall be stored in manner to ensure their preservation

Consultants and Assistance for Investigative Panel

The Investigative Panel may seek additional expert scientific advice and/or the

advice of students or postdoctoral fellows as appropriate to the status of the

respondent

Broadening/Change in Subject Matter of Investigation

If during the investigation information becomes available which the Panel

considers substantially related to the original charge from the SVPAA the Panel

may broaden the scope of its charge and give written notice to the respondent of

the new scope If the Panel does not consider the new information substantially
related to the original charge the Panel may refer the new information to the

Campus Committee as the basis of new allegation

10 Decision of Investigative Panel

In reaching conclusion on whether there was misconduct in science the burden of proof
is on the University to support its case by preponderance of the evidence

The Investigative Panels decisions shall be the majority opinions There may be

minority report The results of any vote taken shall be made known to the SVPAA in the

written report of the Investigative Panel

11 Duration of Investigation

The investigation shall be completed within ninety 90 calendar days of its initiation date

to allow sufficient time for review of the Investigative Panels report by the complainant
respondent and the SVPAA and submission of the Universitys report including the

decision of the SVPAA to the funding agency within total of one hundred and twenty

120 calendar days of the initiation of the investigation If the investigation cannot be

completed within these time limits the University may request an extension of time from
the ORI in the case of research conducted under PHS grant or if the research results

were used in PHS
grant fellowship or contract application or from another pertinent

funding agency or sponsor if required If such an extension is granted the respondent
shall be so notified

12 Report of the Investigative Panel

Upon conclusion of its investigation the Investigative Panel shall prepare written report
for the SVPAA copy of the report shall be given to the respondent the Chairperson of
the Initial

Inquiry Committee and the appropriate Dean or Vice President The

complainant may be provided with those portions of the report that address his/her role

and opinions in the investigation Comments if any must be filed with the Panel within

ten 10 working days of receipt of the Panels report These comments shall be made
part of the report and considered by the SVPAA

The report shall describe the policies and procedures under which the investigation was
conducted and how and from whom information relevant to the investigation was
obtained It shall also include recommendation as to whether fmding of misconduct
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should be made the basis for that recommendation as well as recommendation about

the appropriate corrective measures to be taken if any

The report may also include recommendations that finding be made that the respondent
has engaged in practices that are unacceptable within the University for proposing

performing or reviewing research or reporting research results but which do not

constitute misconduct in science as defined in Section IV of this policy The report may
make recommendations about corrective actions if any to be taken under these

circumstances

The report may also include the Panels concerns that violations of other University

policies or of Federal or state regulations may have occurred with recommendations to

refer these concerns for administrative action

In addition the Panel may make recommendations concerning notification of law

enforcement agencies professional societies licensing boards journal editors
collaborators of the respondent or other concerned parties of the outcome of the

investigation

In the event of recommendation that there be no finding of misconduct the

Investigative Panel after consultation with the respondent may make recommendations

to the SVPAA regarding actions to restore the reputation of the respondent The

Investigative Panel may also make recommendations to the SVPAA concerning actions

against complainant found to have made unsubstantiated allegations in bad faith see
definition Section IV.F

13 Expenses of the Investigation

The
expenses of the investigation including external consultants fees if any shall be

borne by the pertinent Dean or Vice President

14 Decision and Actions of the SVPAA

The SVPAA shall review the final report of the Investigative Panel and shall make final

decision in writing on behalf of the University If the SVPAA for good reason cannot

accept the recommendation of the Investigative Panel the SVPAA shall document his or
her reasons and communicate these in writing to the Panel the respondent the

complainant and the pertinent Dean or Vice President

The SVPAA may make one of the following decisions

finding of no misconduct When necessary diligent efforts shall be undertaken

in consultation with the respondent fully to restore the
reputation of the

respondent and appropriate action shall be taken against complainants found to

have made unsubstantiated allegations in bad faith see definition Section IV.F

finding of misconduct The decision shall include the SVPAAs determination

about the appropriate corrective actions The SVPAA shall either accept the

Investigative Panels recommendation about corrective actions or impose
alternatives If the SVPAA decides to seek the termination of faculty member
with full title he or she shall initiate Termination for Cause Proceedings

pursuant to the University Bylaws Article VI Title In these circumstances

the President shall conduct the meeting with the respondent to ascertain the

validity of the charges as prescribed by the University Bylaws Evidence

gathered during the investigation recommendations of the Investigative Panel
and the decision of the SVPAA shall be forwarded to all individuals involved in

the termination-for-cause proceedings for their consideration Other discipline

imposed for misconduct in science shall be exempt from grievance and

Misconduct in Science
11 of 13

Amended 10/18/02



arbitration proceedings The SVPAA may withdraw from publication all

pending abstracts and
papers that are considered to be of questionable scientific

validity as result of the finding and may notify the editors of journals books

and other publications in which the respondents previous papers and abstracts

have appeared during the preceding five years

finding that actions or conduct investigated are/is unacceptable within the

University for proposing performing or reviewing research or for reporting

research results but do/does not constitute misconduct in science as defined in

Section IV of this policy The decision shall include the SVPAAs
determination about appropriate corrective actions

15 Notification of Decision of SVPAA

The SVPAA shall provide copy of his/her final decision to the respondent the

complainant the Chairperson of the Initial Inquiry Committee the Investigative Panel

the pertinent Dean or Vice President and the Vice President for Legal Management

The SVPAA shall forward to the ORI in the case of research conducted under PHS
grant or if the research results were used in PHS grant fellowship or contract

application or to another external funding agency or sponsor copy of his/her final

decision along with the names of the Investigative Panel members and the Panels final

report

Termination of the Case

Notification of Final Outcome of Investigation

After termination of case the SVPAA shall inform editors of scientific journals and

program directors of scientific meetings who had been notified of the existence of an

investigation and all individuals interviewed or otherwise informed of the allegation of

the outcome of the investigation

Creation Sealing Storage of and Access to the File

The SVPAA shall ensure that the complete file including the original records of all

proceedings conducted by the Initial Inquiry Committee and by the Investigative Panel
and copies of all documents and other materials furnished to the Committee and the

Panel is sealed and retained indefinitely in locked confidential cabinet in the Office of

the SVPAA Access to materials in the file shall be available only upon authorization of

the SVPAA for exceptional cause

Return of Sequestered Data and Other Materials

The SVPAA shall decide on case-by-case basis when the research records original data

and other original materials sequestered during the initial inquiiy or investigation may be

returned Among the determining factors in this decision are the requirements of

pertinent government agencies or other sponsor

Investigation by Federal Agencies

Under 42 CFR Part 50 Subpart and 45 CFR Part 689 federal agencies have reserved the right

to perform their own investigation in cases involving federally funded research at any time prior

to during or following the Universitys investigation and to impose corrective actions of their

own in addition to those imposed by the University

If Respondent leaves the University
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If the respondent leaves the University prior to the completion of the initial inquiry or

investigation the inquiry and investigation if any shall nevertheless continue
according to the

procedures described above and the respondent shall be afforded full opportunity to participate

The SVPAA may inform the respondents new employer if any and if known of the existence

and status of investigation and of the fmal findings of the investigation

Admission of Misconduct by Respondent

If the respondent admits to misconduct in science prior to the completion of the initial inquiry or

investigation the admission must be in writing and must detail the full
scope of the misconduct

An investigation should ordinarily be conducted and continued to conclusion in order to discover

the scope of the misconduct or other problems and make recommendations to the SVPAA The

initial inquiry and investigation shall be conducted according to the procedures described above

If the initial inquiry committee believes that no purpose will be served by an investigation it may
make that recommendation to the SVPAA

Withdrawal of Allegation by Complainant

If the complainant withdraws his or her allegation prior to the completion of the initial inquiry or

investigation the proceedings shall continue if sufficient information is available to warrant such

continuance

Confidentiality

The confidentiality and privacy of the respondent the complainant and all others involved in the

procedures undertaken under this policy the confidentiality of the Initial Inquiry Committees and

Investigative Panels proceedings files reports and records and patient confidentiality in the case

of clinical research shall be maintained to the extent possible and permitted by law However
confidentiality may not be maintained if the allegation is determined to be false and is found to be

made in bad faith see definition Section IV.F Protection of confidentiality does not preclude

disclosures that are necessary in the process of handling allegations of misconduct are in the

public interest or in the Universitys interest are required by federal or state statute or regulations

University policy or rules of the research sponsor or are component of sanctions and/or

corrective actions in the resolution of allegations of misconduct

By Direction of the President

Vice President for Academic Affairs
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March 21 2003

Helene Hill Ph.D

Professor

Department of Radiology

UMDNJ-New Jersey Medical School

185 South Orange Avenue MSB F-452
tl fl71fl

Dear Dr Hill

The University of Medicine and Dentistry of New Jersey has completed its proceedings prompted
by your allegation of potential misconduct in science against Dr Anupam Bishayee currently
Radiation Safety Specialist in the UMDNJ Office of Radiation Safety Services Your allegation
related to research Dr Bishayee conducted when he was Research Associate in Dr Roger Howells

laboratory in the department of Radiology at UMDNJ-New Jersey Medical School The Newark
Campus Committee on Research Integrity charged with reviewing these allegations conducted an
initial inquiry in accordance with federal regulations and University policy After considering your
testimony and submissions and other documents and materials concerning the allegations and the

research in question and after reviewing original research data the Committee unanimously
concluded that there is no cause to warrant further misconduct-in-science proceedings with regard
to the allegation This conclusion was based on the Committees findings that

statistics alone regarding the randomness or uniformity of the data in question are not

sufficient evidence to warrant further investigation of this matter and

the lack of appropriate independent control data with which to compare the experimental

results generated by Dr Bishayee renders the questions raised by your allegation

scientifically unanswerable

After reviewing the Committees report have accepted its findings and have closed this case

Thank you for your assistance in the conduct of these proceedings

Sncrely yours

Robert Saporito D.D.S

Senior Vice President for Academic Affairs

Russell Joffe M.D Dean UMDNJ-New Jersey Medical School

Anthony Forrester Ph.D R.N Chair Newark Campus Committee on Research Integrity

Karen Putterman M.D M.P.H Vice President for Academic Affairs UMDNJ
EXHIBIT

65 Bergen Street Room 1441 Newark NJ 07107-3001 Phone 973 972-3645 Fax 973 972-2621 E-mail sapotit


