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GRANT APPLICATION
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TITLE OF APPLICATION (Do not exceed 56 typewriter spaces/
RADIOCLABELED MONOCLONAL ANTIBODIES FOR CANCER THERAPY ;

2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT (B NO [J YES (/f “YES.” stare RFA number and/or snnouncement titlel

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

3a. NAME [Last, first, middie)

WASHBURN, Lee C.

3c. POSITION TITLE

3e. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT

Scientist

Medical & Health Sciences Division, Pre-

clinical Radiopharmaceutical Development Gr

3]| sochI ssiil‘i NUMBER
3d. MAILING ADDRESS (Streer, city, state, 2ip code,

Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, Tennessee 37831

bup

31. MAJOR SUBDIVISION

Medical & Health Sciences Division

3g. TELEPHONE (Ares code, number and extension)
(615) 576-3099

4.
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HUMAN SUBJECTS
O exemption #
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[ Form HHS 596 enciosed
DATES OF ENTIRE PROPOSED PROJECT PERIOD

6/01/85 Through: 3/31/88
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5. RECOMBINANT DNA
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7. DIRECT COSTS REQUESTED
FOR FIRST 12-MONTH BUD-
GET PERIOD ffrom page 4)

. DIRECT COSTS REQUESTED
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PROJECT PERIOD (from page §

¢ 88,160 s 284,980
9. PERFORMANCE SITES (Organizations and addresses) 10. INVENTIONS (Competing continuation application only)
6 Previousiy reported .
Medical & Health Sciences Division B no O ves %“N oot g
Ot Previously report
Oak Ridge Associated Universities 1. APPLICANT ORGANIZATION {Name, address, snd congressions]
P. 0. Box 117 district) .
Oak Ridge, Tennessee 37831 Oak Ridge Associated Universities
P. 0. Box 117
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Third Congressional District
12. TYPE OF ORGANIZATION 13. ENTITY IDENTIFICATION NUMBER
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ObELLOI

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTL Lee C. Washbumm

ABSTRACT OF RESEARCH PLAN

KEY PROFESSIONAL PERSONNEL ENGAGED ON PROJECT

NAME POSITION TITLE DEPARTMENT AND ORGANIZATION
Lee C. Washburn Scientist Medical & Health Sciences
Div. Oak Ridge Associated
Universities
Karl F. Hibner Assistant Chairman, and Chief Medical & Health Sciences
of Clinical Nuclear Medicine Div. Oak Ridge Associated
Univers{ties .
James E. Crook Director, Radiopharmaceutical Medical & Health Sciences
Development and Preclinical Div. Oak Ridge Associated
Nuclear Medicine and Assistant |Universities
Director, Clinical Nuclear
edicine
Zenon S. Steplewski Professor The Wistar Institute
) Philadelphia, PA

ABSTRACT OF RESEARCH PLAN: State the appiication’s long-term objectives and specific aims, making reference to the heaith relatedness of the
project, and describe concisaly the methodology for achieving these goais. Avoid summaries of past accomplishments and the use of the first person.
The abstract is meant to serve as 8 succinct and accurate description of the proposed work when separated from the application. DO NOT EXCEED
THE SPACE PROVIDED.

Monoclonal antibodies and monoclonal antibedy fragments with high specificities for
human malignancies will be covalently coupled to DTPA via the cyclic DTPA anhydride
technique to provide a means for labeling such agents with polyvalent metal radio-
nuclides. The potential of radioimmunotherapy using monoclonal antibodies labeled
with the alphas-emitting radionuclide fermium-255, (T1/2 = 20.1 h) and beta-emitting
yttrium-90, (Tj72 = 64.2 h) will be studied preclinically. Two gastrointestinal
monoclonal antibodies with specificity for both colorectal and pancreatic carcinomas,
1083-17-1A (17-1A) and 1116-NS-19-9 (19-9), and a monoclonal antimelanoma antibody,
691-19-19 (19-19), will be investigated. Antibodies derivatized via the bifunctional
chelate technique will be tested by a radioimmunoassay technique to verify their
retention of immunological activity. Nude mice bearing the appropriate tumor type
for each monoclonal antibody will be used to test the specificity of tumor uptake.
Antibodies labeled with the gamma-emitting radionuclides indium-~111, ytterbium-169,
and yttrium-88 will be used for scintigraphic and tissue distribution studies to
determine the time course of the tumor uptake of radiolabeled monoclonal antitumor
antibodies. A radiolabeled monoclonal anti-influenza antibody will be used to
control for nonspecific binding. The antibodies will then be labeled with Fm-255

and Y-90 as well as einsteinium~253 (a longer lived alpha emitter to be used as a
model for Fm-255), and further tissue distribution studies will be carried out.
These tissue distribution studies will be used for radiationm dosimetry calculationms.
In vivo tumor growth studies in nude mice will be carried out to aid in assessment
of the therapeutic potential of 255Fm~ and %%Y-~labeled monoclonal antibody derivatives.
This multidisciplinary research approach, which combines the fields of bjio-organic
chemistry, immunochemistry, and radiopharmacology, is aimed at improving radio-
immunotherapy methods for malignant processes in man.

VERTEBRATE ANIMALS INvOLVED [Ino Bves i “YES,” identify by common names and underiine primates.

Nude mice bearing tramsplanted tumors.
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IbELLO

PRINCIPAL INVESTIGATOR/PROGRAM DIRECT. .. _Lee €., Washburn

TABLE OF CONTENTS ’

Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 5a, 5b. Type the name of the
Principal Investigator/Program Director at the top of each printed page and each continuation page.

SECTION 1. . PAGE NUMBERS
Face Page, Abstract, Table of Contents . . . . . . . . . .. i it it it ter ettt tesetsene e 1-3
Detailed Budget for First 12 Month Budget Period . . . .. .. .. . .. i it ittt ittt i e e 4
Budget for Entire Proposed Project Period . . . . . . . .. . i ittt i i e e et e et 5-6
Budgets Pertaining to Consortium/Contractual Arrangements . . . . . . . . . .. i vttt vt vt v v e —_—
Biographical Sketch-Principal {nvestigator/Program Director (Not to exceed two pages/ . . .. .. ... .. .... 2=8_
Qther Biographical Sketches (Not o exceed two Dages fOr 88Ch) . . . . o . v v o v e r e e e e e e e e 920
OEhEr SUPPOMT . v v it et et et e et e e e e e e e e e e e e e 21
Resources and BnviTONmMeNt . . . .o i vt ittt it et et e e e e e e e 22=23

SECTION 2. Research Plan i
Introduction (Excess pages; revised spplications; supplemental applications] . .. .. .. ..o oo v e vewnnn —

A. Specific Aims NOLID eXCerd 0NBPIPO) . . . o o v v\ e et e e e e e e 24

B. Significance (Natto exceed three pages) . . .. . . .. . .« it it it i et rniannnonas 24

C. Progress Report/Preliminary Studies (N0t 10 exceed eight Pages) . . . . . . o v v v v v s e en e 26

D. Experimental Design and Methods . . .. . .. v ittt ittt et e i e e e e 29

E. HUMN SUD OIS . . o . vttt et et e ettt e e e e e e e e 37

F. Vertebrate AniMals . . ..o v v v v o ve v e v s e st tte ettt e a7
G, CONSUIANTS . . it i e e e e e e e e a7

H., CONSOrtiUM AITaNgemMeNnts . . . . . v v v v v i v em vttt it e ae e e et ee e eneaneeeennenn a7

Lo LIterature Cited . . . . ittt e e e e =28

o P A8
SECTION 3. Appendix (Six sets) (No page numbering necessary for Appendix )}

Number of publications: ___0 Number of manuscripts: 0

Other items (/ist):

Letters from Drs. Z. Steplewski, R, L. Hayes, J. E. Bigelow, and 4447

R. Bigler.

El Application Recsipt Record, Form PHS 3830
3 Form HHS 596 if Item 4, page 1, is checked ““YES” and no exemptions are designated.
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CHhELLO

AINCIPAL INVESTIGATOR/PROGRAM DIRECT Lee C. Washburn

RO THR
DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD FROM 4/01/85 H3?g§786
DIRECT COSTS ONLY DOLLAR AMOUNT REQUESTED (Omit cenz.
EZRSONNEL i4opiicant orpsnization only)} TIME/EFFORT
SALARY FRINGE TALS
NAME POSITION TITLE % | Hoursoer A BENEFITS TOTALS
et
Washburn. lee C. Ph.D. | Principsl investigstor 20 8 3,834 <, 030 10,867
Hubner, Karl F. M.D. {Co-Investigator S 2 3,270 750 4,020
Crook, James E. Ph.D., M.DJCo-Investigator 10 4 5,448 1,253 6,/01
Coffey, Jack L. M.S. Physicist 10 4 3,820 880 4,700
Cabot, Myles C. Ph.D. |Biochemist S 2 1,888 434 2,322
Sun, Tan Tan M.S. Research Associate | 30 12 9,150 2,105 11,255
Carlton, James E. B.S. Research Associate | 20 8 7,358 1,692 9,050
To Be Named Ph.D. |Post—-doctoral 00 40 19,000 2,850 21,850
Research Associate
SUBTOTALS —| 58,766 11,994 70,760
CONSULTANT COSTS  paymond L. Bayes, Ph.D. (retired Head of Preclinical Radiopharmgceutical
Development for ORAU's Medical and Health Sciences Division) four comsulting vigits
ch 800
EQUIPMENT (/temize)
Corning model MP-6A Mega-Pure Still (water purification system) with automatic
collection bottle and demineralizer.
4,000
- ,
i‘ﬁi:k?fé"{”iﬁb"ﬁﬁ?é”ﬁ'{ce @ $11,50 ea; animal care costs are included in indirect
costs.) $2,300
Chemicals 1,000
' Glassware and Tissue Culture Supplies 2,000 -
"Radioisotopes 3,000 8,300
TRAVEL DOMESTIC Attendance at scientific meetings 2,800
FOREIGN :
INPATIENT
PATIENT CARE COSTS SUTPATIENT
ALTERATIONS AND RENOVATIONS (/temize by category)
CONSORTIUM/CONTRACTUAL COSTS
Zenon S. Steplewski, M.D., D.M.S., D.S., The Wistar Institute, Philadelphia,
will serve as a Co-Investigator at 5% effort. The only expense involved will
be for his travel for three trips to Oak Ridge per year @ $600.00 ea.
1,800
CTHER EXPENSES (/temize by category)
Publication costs 500
TOTAL DIRECT COSTS (Also enter on page 1, item 7] — 588,160
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EbELLO]

INCIPAL INVESTIGATOR/PROGRAM DIRECTO™

BUDGET FOR ENTIRE PROPOSED PROJECT PERIOD
DIRECT COSTS ONLY

auncich:Tecoav mPZg?OGDET 4ADDITIONAL YEARS SUPPORT REQUESTED
Ls {from page 4] 2nd 3rd 4th Sth
PERSONNEL (Salary snd
fringe benefits.}
{Applicant organization only} 70 »7 60 80, 685 86 ’ 335
CONSULTANT COSTS 800 800 800
EQUIPMENT 4,000 ~0- -0-
SUPPLIES 8,300 8,600 9,000
DOMESTIC 2,000 2,200 2,400
TRAVEL
EOREIGN
PATIENT INPATIENT
CARE
COSTS |QUTPATIENT
ALTERATIONS AND
RENOVATIONS
CONSORTIUM/
CONTRACTUAL COSTS 1,800 2,100 - 2,400
OTHER EXPENSES 500 700 800
TOTAL DIRECT COSTS
88,160 95,085 101,735

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (A/so enter on page 1, iten 8) mew——n-| § 284,980

JUSTIEICATION (Use continuation pages if necessary): Describe the specific functions of the personnel and consultants, if » recurring annusi increass
in personnel costs is snticipated, give the percentage. For a// years, justify any costs for which the need may not be obvious, such a3 squipment, foreign
iravel, alterarions and renovations, and consortium/contractual costs, For any additional years of support requested, justify any significant incresses in
any category over the first 12 month budget period, In addition, for COMPETING CONTINUATION spplications, justify any significant incresses over

ihe current level of support.

Recurring annual increase in personnel costs of 7% anticipated.

physicist in years 2 and 3 included.

Increased effort of

Travel costs are for three investigators to each attend one domestlc scientific meeting
per year, such as the Annual Congress for Hybridoma Research and national and regiomnal

meetings of the Society of Nuclear Medicine.

The water purification system requested will provide the ultrapure water which is
required for the chromatographic separatioms to be done in this project.

Justification of Personnel:
1. Dr. Washburn, the Principal Investigator, is a radiopharmaceutical chemist who will

provide the overall guidance fo
2. Dr. Hubner, a Co-Investigator,
immunology and nuclear medicine.

r this research.
is a physician with strong backgrounds in both
He will provide on-site leadership in these areas.

3. Dr. Crook, a Co-Investigator, is a clinical pharmacologist who will provide expertis
in the animal biodistribution work.

(continued on next page)

PHS 2€8 (Rev. §/82)
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Justification of Personnel: (continued)

4.

9'

10-

Dr. Steplewski of The Wistar Institute, a Co-Investigator, is one of the foremost

authorities in the area of monoclonal antibody research. In addition to providing
the monoclonal antibodies and tumor lines required for the project, Dr. Steplewski
will also work with ORAU investigators to set up at ORAU the radioimmunoassay pro-

cedure necessary to verify the retention of immunological activity of the anti-
bodies after derivatizationm.

Mr. Coffey, a physicist, will perform the radiation dosimetry calculatioms.

Dr. Cabot, a biochemist with a strong background in tissue culture techniques,
will maintain in tissue culture the tumor lines obtained from The Wistar Institute.

Mrs. Sun, a bloorganic chemist with expertise in radiopharmaceutical synthesis,
will carry out syntheses such as attachment of chelating groups to antibodies.

Mr. Carlton, a chemist with many years' work in radiopharmaceutical developmwent, is

experienced in chromatographic separations of proteins, radiolabeling techmniques,
and tissue distribution studies.

We will attempt to fill the opening for :a post-doctoral research associate with an
immunochemist or protein chemist who can provide expertise in the techniques for
radiolabeling antibodies on a micro scale.

Dr. Hayes, the retired Head of ORAU's Radiopharmaceutical Development program, has
over 30 years experience in this area. He has expertise in tumor-localizing radio-
pharmaceuticals, physical characteristics of radionuclides, and radiolabeling
techniques. Ee will be a consultant in these areas (four visits per year).



INCIPAL INVESTIGATOR/PROGRAM DIRECTOF ee C. Washburn
BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, beginning with the
Principal Investigator/Program Director: Photocopy this page for each person,

e TITLE BIRTHDATE (Mc., Day, ¥r.)

Lee Cross Washburn Scientist (Chemist)

EDUCATION (Begin with baccaiaursate or other initisl professional educstion and include postdoctors! training)

highest degree) CONFERRED

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi-
ence, and honors. include present membaership on sny Federsl Government Public Advisory Committes. List, in chronological order, the tities and

_ complets references 10 all publications during the past three vears snd to representative earlier publications pertinent to this appiication. DO NOT
EXCEED TWO PAGES.

INSTITUTION AND LOCATION DEGREE (circle YEAR FIELD OF STUDY

1972 Research Associate, Chemistry Department, Vanderbilt University,
Nashville, TN

1972 -~ 1973 Presidential Intern, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN )

1973 - present Scientist (Chemist), Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN

Honors: Alpha Chi; Shell 0il Foundation Predoctoral Fellowship (1971-1972)

| Publications:

Washburn, L.C., Blair, L.D., Byrd, B.L., and Sun, T.T. Comparison of Ga—-68 EDTA,
{1-11cla-aminoisobutyric acid, and [99mTc)sodium pertechnetate in an experimental
blood-brain barrier lesion. J. Nucl. Med. (submitted)

Washburn, L.C., Sun, T.T., Byrd, B.L., and Callahan, A.P. Resolution of [1llC)DL-leucine

and [11C)DL-tryptophard by high-performance liquid chromatography. J. Labelled Comp.
Radiopharm. (submitted)

Blank, M.L., Byrd, B.L., Cress, E.A., Washburn, L.C., and Snyder, F. Liposomal )
preparations of calcium- or zinc-DIPA have a high efficacy for removing colloidal
ytterbium-169 from rat tissues. Toxicology (in press)

Littlefield, L.G., Joiner, E.E., Colyer, S.P., DuFrain, R.J., and Washburm, L.C.
Evaluations of cellular proliferation and chromosome breakages after in vitro exposure
of human lymphocytes to calcium or zinc DTPA. Radiat. Res. (in press)

Washburn, L.C., Sun, T.T., Byrd, B.L., and Kabalka, G.W. Effect of structural altera-
tions on the uptake and clearance of primary aliphatic amines in rat lung. J. Labelled
Compds. 19(Nos. 11-~12):1282-1283, 1982,

Washburn, L.C., Sun, T.T., Byrd, B.L., Rafter, J.J., Hayes, R.L., Frey, K.A., and
Agranoff, B.W. 11C-ACHC, a potential agent for positron tomographic measurement of
brain amino acid transport. In Nuclear Medicine and Biology, Vol. I, C. Raynaud, ed.,
Pergamon Press, Paris, France, 1982, pp. 642-645,

Kabalka, G.W., Gooch, E.E., Hsu, H.C., Washburn, L.C., Sun, T.T., and Hayes, R.L.
Rapid and mild syntheses of radiociodinated estrogen derivatives via organoborane
technology. In Applications of Nuclear and Radiochemistry, Chapter 17, R.M. Lambrecht
and N. Morcos, eds., Pergamon Press, New York, 1982, pp. 197-203.

GbELLOI
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DO NOT TYPE IN THIS SPACE—BlNDING MARGIN

GbELLO]

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR OR AWARD CANDIDATE (Last, first, migdie/ SCCIAL SECURITY NUMBER
Washburn, Lee Cross

Publications: (Lee C. Washburm)

Hubner, K.F., King, P., Gibbs, W.D., Partain, C.L., Washburn, L.C., Hayes, R.L. and
Holloway, E. Clinical investigations with llC-labeled amino acids using positron emission

computerized tomography in patients with neoplastic diseases. In "Medical Radionuclide
Imaging 1980", Vol II, IAEA, Vienna, 1981, pp. 515-529.

Hubner, K.F., King, P., Gibbs, W.D., Washburn, L.C., and Hayes, R.L. Positron emission
computerized tomography: A potential tool f6r in vivo quantitation of the distribution
of radiopharmaceuticals. In Third International Radiopharmaceutical Dosimetry Symposium,
E. E. Watson, A. T. Schlafke-Stelson, J. L. Coffey, and R. J. Cloutier, eds., Bureau of
Radiological Health, Rockville, MD, 1981, pp. 77-86.

Hubner, K.F. Krauss, S., Washburm, L.C., Gibbs, W.D., and Holloway, E.C. Tumor detection
with l-aminocyclopentane and l-aminocyclobutane [11C] carboxylic acid using positron
emission computerized tomography. Clin. Nucl. Med. 6:249-252, 19?1.

Casey, D.L., Digenis, G.A., Wesner, D.A., Washburn, L.C., Chaney, J.E., Hayes, R.L., and
Callahan, A.P. Preparation and preliminary tissue studies of optically active C-11-D-
and L-phenylalanine. Int. J. Appl. Radiat. Isot. 32:325-330, 1981.

Kabalka, G.W., Gooch, E.E., Sun, T.T., and Washburn, L.C. A rapid and mild method for
labeling functionally substituted molecules with iodine radionuclides. J. Labelled
Compd. Radiopharm. 18:117-118, 1981. -

Washburn, L.C., Ringenberg, R.E., Sun, T.T., and Hayes, R.L. 1llC-Labeled l-amino~-
cyclohexanecarboxylic acid (11C-ACHC), a potential agent for studies of amino acid
transport in the brain. J. Labelled Compd. Radiopharm. 18 (Nos. 1-2):13-14, 1981.

Blank, M.L., Cress, E.A., Byrd, B.L., Washburn, L.C., and Snyder, F. Liposomal encap-
sulated Zn-DTPA for removing intracellular 169Yb. Health Physics 39:913-920, 1980.

Hibner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.,
and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. l-Aminocyclobu-
tane[llc]carboxylic acid, a potential agent for tumor localization. J. Nucl. Med.
20:1055~1061, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-
1lc]tryptophan, a potential agent for pancreatic imaging: production and preclinical
investigations., J. Nucl. Med. 20:857-864, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Bayes, R.L., Butler, T.A., and Callahan, A.P.
High~level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals
11, Soc. Nucl. Med., Wew York, 1979, pp. 767-777.

Washburh, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic a-amino acids. Cancer Res. 38:2271-2273, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [1-11C]DL-
Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978,

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Anon, J.B., Butler, T.A. and
Callahan, A.P. Synthesis and purification of llC-carboxyl-labeled amino acids. Int. J.
Appl. Radiat. Isotopes 29:186-187, 1978.

PHS 398 (Rev. 5/82) PAGE 8.
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iNCIFAL INVESTIGATOR/PROGRAM DIRECTOF 2e C. Washburm
BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, begifining with the
Principal Investigator/Program Director. Photocopy this page for each person.

e FITE BIRTHDATE (Mo., Day, ¥r./

James Edward Crook Clinical Pharmacologist —

EDUCATION (Begin with baccaisureate or other initial professional education and inciude postdoctors! training)

DEGREE (circle YEAR
highest degres/ CONFERRED

FIELD OF STUDY

INSTITUTION AND LOCATION

+H AND/OR PROFESSIONAL EXPERIENCE: Concluding wit tion, list gica )
snce, and honors. Inciude present membership on any Federsi Government Public Advisory Committes. List, in chronological order, the titles and
compiete references to 8il publications during the past thres yeasrs and to representative earlier publications pertinent to this application. DO NOT
' EXCEED TWO PAGES.
. 1964 -~ 1966 Laboratory Scientist (clinical chemistry and coagulation)
University of Maryland Shock-Trauma Research Center,
Baltimore, MD

1967 - 1974 Physical Science Technician, United States Public
Health Service Hospital, Baltimore, MD
1979 - 1980 Asgistant Director of Clinical Pharmacology,
- USV Laboratories, Tuckahoe, NY
1980 - 1983 Assistant Professor of Medicine, Assistant Professor
of Pharmacology and Toxicology, Medical College of
Wisconsin, Milwaukee, WI
1980 - 1983 Staff Physician, VA Medical Center, Wood (Milwaukee), WI
1983 - present Director of Radiopharmaceutical Development and
Preclinical Nuclear Medicine, Assistant Director of
Clinical Nuclear Medicine, Medical and Health Sciences
Division, Oak Ridge Associated Universities,
Oak Ridge, TN '
Honors: University of Maryland Graduate School Fellowship
Publications:

Crook, J.E. and Hroczkowski, P.J. Red Cell Na-K Cotransport: Dose-Response Effects of
Furosemide Inhibition in Black and White Hypertemsives. In Proceedings The First Inter-
national Conference on Diuretics, Elsevier Science Publishing Co., N.Y. 1984 (in press)

Crook, J.E. and Mroczkowski, P.J. Dose Response Effects of Furosemide Inhibition on
Erythrocyte Sodium-Potassium Co-Transport in White and Black Normotensives and Hyper-
tensives. Clin. Res. 32:204A, 1984

Crook, J.E. and Mroczkowski, P.J. Increased Red Cell Na-K ATPase Activity Following
Exposure to a New Calcium Entry Blocker ~ Nitrendipine. Presented, International
Symposium on Calcium Entry Blockers and Tissue Protection, Rome, Italy, 1984.
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Crook, J.E. and Mroczkowski, P.J. Red Cell Na-K Co-Transport: Dose~Response Effects
on Furosemide Inhibition in Black and White Hypertensives. Presented, First Inter-
national Conference on Diuretics, Miami, Florida, 1984. ’

'Crook J.E., Mroczkowski, P.J. and Gill, J. Decreased Furosemide Sensitive Sodium- *

Potassium Co-Transport in Sickle Trait Red Cells from Hypertensive Subjects‘ Clin.
Res. 31:730, 1983. BE—

Crook, J.E., Feix, J. and Mroczkowski, P.J., Red Cell Membrane Fluidity in Essential
Hypertension. Clin. Res. 31:7304, 1983.

Crook, J.E. and Mroczkowski, P.J. Erythrocyte Co-Transport in White and Black Hyper-
tensive Subjects. Clin. Res. 30:733A, 1982.

Crook, J.E. and Robertson, D. and Wharton, R. Prostaglandin Suppression: Inability to
Correct Severe Idiopathic Orthostatic Hypotemsion. South. Med. J. 74:318-320, 1981.

Shevitz, S.A., Jamieson, R.C., Petrie, W.M. and Crook, J.E. Compulsive Water Drinking
Treated with High Dose Propramolol. J. Nerv. Ment. Dis. 168:246, 1980.

Davis, B.A., Crook, J.E., Vestal, R.E. and Oates, J.A. The Prevalence of Renovascular

Hypertension in Patients with Grade III and IV Hypertemsive Retinopathy. N. Engl. J.
Med. 303:1273, 1979.

Crook, J.E., Woosley, R.L., Leftwich, R.B. and Natelson, E.A. Agranulocytosis During
Combined Antiarrhythmic Therapy with Procainamide and Phenytoin. South. Med. J. 72:
1599, 1979.

Crook, J.E. Idiopathic Pulmonary Ossification. J. Tenn. Med. Assoc. 72:668, September,
1979,

Crook, J.E. and Nies, A.S. Drug Interations with Antihypertemsive Drugs. Drugs 15:
72, 1978. Reprinted-in New Ethicals and Medical Progress, February, 1978. Selected
for abstraction in the Digests, 1978.

Davis, B.A., Crook, J.E., Vestal, R.E. and Oates, J.A. Occurrence of Renovascular
Hypertension in Patients with Malignant Hypertension and Accelerated Hypertension.
Presented before the American Beart Association. 51st Annual Scientific Session,
November, 1978. :

Crook, J.E. and Dietz, A.J., Jr. Neurochemical'Changes in Response to a Structurally
Related Stimulant and Depressant II. Fed. Proc. 30:495, 1971. Presented at FASEB,
55th Annual Meeting. '

Crook, J.E. and Dietz, A.J., Jr. Neurochemical Changes in Response to a Structurally
Related Stimulant and Depressant. Fed. Proc. 29:485, 1970. Presented at FASEB,
54th Annual Meeting. :

Crook, J.E. and Mclaughlin, J.S. Methyl Alcohol Poisoning. g} Occup. Med. 12:467, 1966.
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Give the following information for key professional personnel listed on page 2, beginning with the
Principal investigator/Program Director. Photocopy this page for each person.

NAME TITLE Assistant Chairman, BIRTHDATE Mo Day. Vr.)
. Medical & Health Sciences Diw.
Karl F. Hubner, M.D. Chief of Clinical Nuclear Med.

EDUCATION (Begin with baccalaureste or other initisl professional education and inciude postdoctoral trainingl

DEGREE (circle YEAR v
highest degree) CONFERRED FIELD OF STUD

Ll .

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Conciuding with present position, list in chronological order previous empioyment, experi-
ence, and honors. Include present membership on sny Federal Government Public Advisory Committee. List, in chronological order, the tities and
compliste references to sll publications during the past three yesrs and to representative sarlisr publications pertinent to this application, 00 NOT
EXCEED TWO PAGES.

INSTITUTION AND LOCATION

1960 - 1961 Internship (rotating) at 2nd General Hospital of the U.S. Army and at the
86th Tactical Hospital of the U.S. Air Force, Germany.

1962 - 1964 Resident in Clinical Investigation, Medical Division, Oak Ridge Institute of
Nuclear Studies (now Oak Ridge Associated Universities), Oak Ridge, TN

1964 - 1967 Resident in Pediatrics, University of Tubingen, Medical School, Germany

1967 - 1970 Research Associate in Experimental Immunology, Medical Division, Oak Ridge
Associated Universities, Oak Ridge, TN
1971 - 10/73 Senior Staff Member with Cldnical Staff, Medical Division, Oak Ridge
Assoclated Universities, Oak Ridge, TN
1973 ~ 1974 Senior Research Scientist, Medical and Health Sciences Division, Oak Ridge
: Associated Universities, Oak Ridge, TN
1975 - present Director, Outpatient Nuclear Medicine, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN
.- 1977 ~ 6/82 Director, Radiation Pmergency Assistance Center/Training Site, Oak Ridge
Associated Universities, Oak Ridge, TN

1982 - present Assistant Chairman, Medical & Health Sciences Division, Oak Ridge Associated
Universities, Oak Ridge, TN

Honors: 1954 - "Scheffel Preis" for History and German (High School); 1959 - M.D.
Degree, Summa cum laude, Heidelberg University; 1979 - American Men and
Women in Sciences; listed in Guide to Energy Specialists, Intl. Environment
Information

Publications:

Hubner, K.F. and Lushbaugh, C.C. Radiation  injuries. In Critical Decisions in Trauma,
eds, E. E. Moore, B. Eiseman, and C. W. Van Way III, St. Louis, The C. V. Mosby Co.,
1984, pp. 452-457.

Lushbaugh, C.C., Bubner, K.F., Ricks, R.C., Saenger, E.L., and Wald, N. Panel discussion:
Session IV Care of the radiation-exposed and injured. Bull. N.Y. Acad. Med. 59:1141-1149,
1983.

Hibner, K.F. Radiation injury, In Pharmacologic Approach to the Critically Ill Patient,
(B. Chermow and C. R. Lake, eds.) Williams and Wilkins, Baltimore, 1983, pp. 707-714.

Hubner, K.F., Fry, S.A., and Lushbaugh, C.C. Biological effects of radiation in man.
In Funk & Wagnalls New Encyclopedia, ed. R. S. Phillips, New York: Funk & Wagnalls,
1983, pp. 69-70. '
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Washburn, Lee Cross

Publications: (Karl F. Hibner, M.D.)

Hayes, R.L. and Hiibner, K.F. Basis for the clinical use of gallium and indium radiomu-

clides. In Metal Ions and Biological Systems, (H. Sigel, ed.). New York, Marcel Dekker,
Inc., 16:279-315, 1983.

¢

Berger, M.E. and Hiubner, K.F. Excessive exposure to radiation in the health enviromment:
diagnostic testing. Am. J. Nursing 83:1155-1159, 1983.

Bibner, K.F. and Buonocore, E. Positron emission tomography (P.E.T.). In Alimentary Tract

Radiology, 3rd Edition, Harshberger, S. E., ed., The C. V. Mosby Company, St. louis, MO,
1983, pp. 2486-2494,

Fry, S.A., Lushbaugh, C.C., and Hibner, K.F. An overview of radiation accidents and in-
juries. Int. J. Nucl. Med. and Biol. 9:152-153, 1982.

DuFrain, R.J., Batson, J.S., Joiner, E.E., Colyer, S.P., Littlefield, L.G., and Hibner, K.F.
Cytogenetic assessment of radiation sensitivity in lymphocytes from individuals with
Huntington's chorea. Radiat. Res. 91:301-303, 1982.

Partain, C.L., Hubner, K.F., Price, R.R., Pattom, J.A., Ericksom, J.J., Pickens, D.R.,
Hayes, R.L., and James, A.E., Jr. Functional mapping of the brain: Positron emission
tomography and nuclear magnetic resonance imaging. In Functional Mapping of Organ Systems,
11th Annual Symposium on ‘the Sharing of Computer Programs and Technology in Nuclear Medi-
cine, P.D. Esser, ed., New York, Society of Nuclear Medicine, 1981, pp. 13-19.

Lushbaugh, C.C., Hubner, K.F., and Fry, S.A. The impact of estimates of human radiation
tolerance upon radiation emergency management. In The Control of Exposure of the Public
to Ionizing Radiation in the Bvent of Accident or Attack; Proceedings of a Symposium

Reston, Virginia, 1981. National Council on Radiation Protection, Bethesda, MD, 1982,
PP. 46-57. .

Hubner, K.F., Purvis,-J.T., Mahaley, S.M., Jr., Robertsom, J.T., Rogers, S., Partain, C.L.,
Gibbs, W.D., and King, P. Brain tumor imaging by positron emission computerized tomo-
graphy (ECT) using C-11 labeled aminoc acids. J. Comput. Asst. Tomogr. 6:544-550, 1982.

Partain, C.L., Price, R.R., James, A.E., Jr. Hubner, K.F., Mahaley, M.S., Scatliff, J.H., !
and Robertson, J.T. Positron emission tomography: brain tumor imaging using carbon-11
amino acids. In Medical Readionuclide Imaging 1980, Proceedings of an Intermational
Symposium, Heidelberg, Germany, International Atomic Energy Agency, Vienna I1:397-398, 1981.

Hubner, K.F., Krauss, S., Washburn, L.C., Gibbs, W.D., and Holloway, E.C. Tumor detection
with l-aminocyclopentane and l-aminocyclobutane [11C]carboxylic acid using positron emis-
sion computerized tomography. Clin. Nucl. Med. 6:249-252, 1981,

Hubner, K.F., King, P., Gibbs, W.D., Washburmn, L.C., and Hayes, R.L. Positron emission
computerized tomography: a potential tool for inm vivo quantitation of the distribution of
radiopharmaceuticals. In Proceedings of the Third Intermational Radiopharmaceutical
Dosimetry Symposium, Oak Ridge, Tennessee, 1980, E.E. Watson, A. T. Schlafke-Stelson,

J. L. Coffey, and R. J. Cloutier, eds., Rockville, MD. HSS Publication FDA 81-8166, U.S.
Bureau of Radiological Health, Food and Drug Administration, 1981, pp. 77-87.

Hubner, K.F., King, P., Gibbs, W.D., Partain, C.L., Washburn, L.C., Hayes, R.L., and
Holloway, E. Clinical investigations with 1lC-labeled amino acids using positron
emission computerized tomography in patients with neoplastic diseases. In Medical
Radionuclide Imaging 1980, Vol II, IAEA, Vienna, 1981, pp. 515-529.
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Give the following information for key professional personne! listed on page 2, beginning with the . -
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHDATE (Mo., Day, ¥1.)
Jack L. Coffey - - - {Bctentist (Health Physicist)

EDUCATION (Begin with baccalsureate or other initial professional educstion and include postdoctors! training)

's

. DEGREE (eircie YEAR ;
INSTITUTION AND LOCATION highest ) CONFERRED FIELD OF STUDY

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronoiogical order previous empioyment, experi-
ence, and honors. Iinclude present membarship on any Federal Government Public Advisory Committes. List, in chronoiogical order, the tities and

complete references 10 all publications during the past three years and to representative earlier publications pertinent 10 this application. DO NOT
EXCEED TWO PAGES.

1971 - 1973 Laboratery Assistant, Cumberland College, Williamsburg, KY
1973 - 1974 Industrial Engineer, Henry I. Siegel Co., Inc., Bruceton, TN
1974 1982 Health Physicist/Internal Dosimetrist, Manpower Education, Research
and Training Division, Oak Ridge Associated Universities, Oak Ridge, TN

1982 - 1984 Medical Physicist, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN
1984 - present Health Physicist, Manpower Education, Research and Training Division,

Oak Ridge Associated Universities, Oak Ridge, TN

Publications (selected):

Coffey, J.L., Hayes, R.L., Rafter, J.J., Watson, E.E., and Carlton, J.E. Radiation
~ Dosimetry and Chemical Toxicity Considerations for Tc~99. Health Physics 46:2:
418-422, 1984, )

Wirth, N., Swanson, D., Shapiro, B., Nakajo, M., Coffey, J.L., Eckhauser, F., and
Owyang, C. A Conveniently Prepared Tc-99m Resin for Semi-Solid Gastric Emptying
Studies. J. Nucl. Med. 24:6: 511-514, 1983.

Stathis, V.J., Miller, C.M., Doerr, G.F., Coffey, J.L., and Hladik, Wm. B. III
Effect of Technetium Tc-99m Pertechnetate on Bacterial Survival in Solutiom.
Am,J. Hosp. Pharm. 40: 634-637, 1983.

Coffey, J.L., Holloway, E.C., and Hiibner, K.F. Advantages and Disadvantages of Three
Different Ring Source Designs for Use in Positron Tomography. J. Nucl. Med. 24:P103,
1983.

Washburn, L.C., Bubner, KX.F., Sumn, T.T., Byrd, B.L., Coffey, J.L., and Callahan, A.P.

C-11-Tryptophan, a Potential Agent for Diagnosis of Pancreatic Disease Using PET.
J. Nucl. Med. 24:P121, 1983.

Som, P., Oster, 2.H., Srivastava, S.C., Yamamoto, K., Meinken, G.E., Yonekuras, Y.,
Sacker, D.F., Richards, P., Brill, A.B., Coffey, J., Carltom, E., and Hiibner, K.F.
The Effect of Carrier Amphetamine and KI on the Biodistribution of Iodoamphetaminme.
J. Nucl. Med. 24:P118, 1983.

: /
Coffey, J.L., Knapp, F.F., Jr. and Goodman, M.M.: Radiation Absorbed Dose Estimates
for a New Myocardial Agent I-123-15-(p~Iodophenyl)-6-Tellura-pentadecanocic Acid.
J. Nucl. Med. 23:P68, 1982,
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Publications: (Jack L. Coffey) ‘

Coffey, J.L., Rafter, J.J., Watson, E.E., .and Hayes, R.L. Radiation Dosimetry and Chemical
Toxicity Considerations for Tc-99. Health Physics 43:148 (p.232) 1982.

Cofiey, J.L. and Watson, E.E. S Values for Select&d Radionuclides and Organs with the
Heart Wall and Heart Contents as Source Organs. Ip Proceedingd of Third$ International
Radiopharmaceutical Dosimetry Symposium. HHS Publication FDA-81-8166, pp. 563-594,
June 1981.

Coffey, J.L., Cristy, M., and Warner, G.G. Specific Absorbed Fractions for Photon
Sources Uniformly Distributed in the Heart Chambers and Heart Wall of a Heterogeneous
Phantom. MIRD Pamphlet No. 13. J. Nucl. Med. 22:65-71, 1981.

Elmaleh, D.L., Knepp, F.F., Jr., Yasuda, T., Coffey, J.lL., Kopiwoda, S., and Strauss,
H.W. Myocardial Imaging with Te~123w-9-telluraheptadecanoic Acid., J. Nucl. Med.
22:994-999, 1981.

Coffey, J.L. and Watson, E.E. Radiation Dose to the Injection Site from Intradermally
Administered Xe-133. J. Nucl. Med. 22:P64, 1981.

Coffey, J.L. and Watson, E.E. Radiation Dose from Three Short-~Lived Gamma~Emitting
Radionuclides. Clin. Nucl. Med. 6:162, 1981.

Watson, E.E., Schlafke-Stelson, A.T., Coffey, J.L., and Cloutier, R.J., eds. Third
International Radiopharmaceutical Dosimetry Symposium. Proceedings of Symposium
held in Oak Ridge, TN, October 7-10, 1980, HHS Publication, FDA 81-8166, 1981.

 Hayes, R.L., Byrd, B.B., Rafter, J.J., Carlton, J.E., and Coffey, J.L. Yb~1l69 for

Detection of Inflammatory Lesions. In Proceedings of IAEA International Symposium
on Medical Radionuclide Imaging. Heidelberg, Germany, September 1-5, 1980.

Woo, D.V., Knapp, F.F., Ambrose, K.R., Callahan, A.P., and Coffey, J.L. Radiation
Dosimetry of Two New Tellurium-l123m~Labeled Adrenal-Imaging Agents. J. Nucl. Med.
21:454-458, 1980.

Coffey, J.L. and Knapp, F.F., Jr. Radiation Dosimetry of Sn-1l7m Labeled 23-
(Trimethyl-stanna)-24-nor-5 -cholan-3 -0l (Sn-117m-23-TSC): A Potential Adrenal
Imaging Agent. J. Nucl. Med. 21:P86, 1980.

Coffey, J.L. and Watson, E.E. Radiation Dosimetry of Two Ga-68 Radiopharmaceuticals.
Presented by J.L. Coffey at the Annual Meeting of the American Pharmaceutical
Association, Washington, DC, April 1980.

Coffey, J.L., Cristy, M., and Warner, G.G. Estimates of Specific Absorbed Fractions
for Photon Sources Uniformly Distributed in the Heart Contents and Heart Wall of a
Heterogeneous Phantom. J. Nucl. Med. 20:607, 1979.

Watson, E.E. and Coffey, J.L. Contribution of Contaminants to the Radiation Dose
from Thalliumm=-201. J. Nucl., Med. 20:607, 1979.

Watson, E.E., Coffey, J.L., Schlafke, A.T. and Cloutier, R.J. A Computer Data Base
of Bibliographic Entries on Radiopharmaceuticals. J. Nucl. Med. 20:607, 1979.
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Give the following information for key professional personnel listed on page 2, beginning with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHOATE (Mo,, Day, ¥7.)

Myles C. Cabot Scientist (Biochemist)

EDUCATION (Begin with baccaiaureats or other initial professional education and include postdoctora/ treining)

INSTITUTION AND LOCATION DEGREE (circle YEAR FIELD OF STUDY

highest degree) CONFERRED

—

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Conciuding with present position, list in chronoiogical order previous employment, experi-
ence, and honors. Include present membership on any Federal Government Public Advisory Committee. List, in chronological order, the titles and
complete references 10 all publications during the past three years and t0 representstive esriier publications pertinent to this application. DO NOT
" EXCEED TWO PAGES.

1981 - 1984 Senior Staff Scientist, Medical and Heslth Sciencés

Division, Oak Ridge Associated Universities, Oak Ridge, TN

1978 - 1981 Scientist I, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN
(Biochemist, April 1979)
1976 - 1978 Damon Runyon-Walter Winchell Postdoc. Fellow in Cancer
Research, Medical and Health Sciences Division, 0Oak
Ridge Associated Universities, Oak Ridge, TN
1975 ~ 1976 Instructor; 1974-1976: Assistantship; 1972-1974,
Fellowship—~The Hebrew University Jerusalem, Israel.
1970 ~ 1972 Graduate Assistantship; 1969-1972, Laboratory Assistant——
Western Carolina University, Cullowhee, NC
Honors: Member-American Society of Blological Chemists, Sigma Xi
Research Award (1972, Masters Thesis); Distinguished
Alumni Award, Western Carolina Upiversity. .
Publications: '

Cabot, M.C., rFaulkner, L.A., Lackey, R.J., and Snyder, F. Vertebrate class distribution
of l-alkyl~2-acetyl-sn-glycero-3-phosphocholine acetylhydrolase in serum. Comp. Biochem.
Physiol. B. (in press)

Lackey, R.J. and Cabot, M.C. Acetate utilization and fatty acid metabolism in phorbol ester
and dimethyl sulfoxide-differentiated human leukemia cells. Cancer Lett. 20:291-297, 1983.

Snyder, F., lLee, T-c, Blank, M.L., Cabot, M.C., Malone, B. and Albert, D.H. Enzymatic
pathways for platelet activating factor (Proceedings of the lst International Symposium
on Platelet-Activating Factor, 1983, Paris, Elsevier Biomedical Press, Amsterdam),
INSERM (Inst. Nat. Sante Rech. Med.) Symp. (in press)

Cabot, M.C. Effect of cellular phospholipi& modification on phorbol diester binding.
Cancer Res. 43:4233-4238, 1983.
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Publications: (Myles C. Cabot)

Arneson, R.M., Wander, J.D., Cabot, M.C., Tan, E.L., Shenley, R.L., and Hsie, A.W.
Resistance to lipid peroxidation by cultured neoplastic cells. 1In: Protective Agents

in Cancer, (McBrien, D.H.C. and Slater, T.F., eds.) (N.F.C.R. Cancer Association Symposia
No. 2), 1982, Uxbridge, England, pp. 101-124, Academic Press, New York, 1983.

Lackey, R.J. and Cabot, M.C. Serum lipase active in the hydrolysis of the tumor promoter,
12-0-tetradecanoylphorbol-l3-acetate. Cancer Lett. 19:165-172, 1983.

Cabot, M.C., Blank, M.L., Welsh, C.J., Horan, M.J., Cress, E.A., and Snyder, P. Metabolism

of l-alkyl-2-acetyl-sn-glycero-3-phosphocholine by cell cultures. Life Sci. 31:2891-2898,
1982.

Cabot, M.C., Welsh, C.J., and Snyder, F. Increasing the levels of ether-linked lipids in
L-M cells by glyceryl ether supplementation depresses growth and choline utilization.
Biochem. Biophys. Acta 713:16-22, 1982,

Welsh, C.J., Sayer, A.M., Littlefield, L.G., and Cabot, M.C. Modification of lipid acyl
groups by serum deprivation does not affect phorbol ester-induced differentiation of
human leukemia cells. Cancer Lett. 65:145-154, 1982.

Cabot, M.C. and Welsh, C.J. Fatty acid metabolism in phorbol ester-differentiating human
leukemia cells. Cancer Res. 41:4910-4915, 1981.

Cabot, M.C. and Welsh, C.J. Ether lipid studies in mouse C3H/10T1l/2 cells and a 3-methyl-
cholanthrene~transformed clone. Arch. Biochem. Biophys. 211:240-244, 1981.

Cabot, M.C. and Lumb, R.H. The activity of a low temperature lipase in the larvae of
Sarcophaga bullata (Diptera:Sarcophagidae) Comp. Biochem. Physiol. 68B:325-328, 198l.

Cabot, M.C. and Goucher, C.R. Chaulmoogric acid: Assimilation into the complex lipids
of mycobacteria Lipids 16:146-148, 1981. :

Cabot, M.C., Welsh, C.J., Callsham, M.F., and Huberman, E. Alterations in 1lipid metabolism
induced by 12-0-tetradecanoylphorbol-l3-acetate in differentiating human myeloid leukemia
cells. Cancer Res. 40:3674-3679, 1980. L

Cabot, M.C. and Snyder, F. Manipulation of alkylglycerolipid levels in cultured cells:
Fatty alcohol versus alkylglycerol supplements. Biochem Biophys. Acta 617:410-418, 1980,

Cabot, M.C. and Gatt, S. The hydrolysis of triacylglycerol and diacylglycerol by rat
brain microsomal lipase with an acidic pH optimum. Biochim. Biophys. Acta 530:508-512, 1978

Cabot, M.C. and Snyder, F. The manipulation of fatty acid composition in L-M cell monolayer
supplemented with chaulmoogric acid. Arch. Biochem. Biophys. 190:838-846, 1978.

Cabot, M.C. and Gatt, S. Rat brain microsomal lipase activity. Adv. Exp. Med. Biol. 101:
101~-111, 1978.

Cabot, M.C. and Gatt, S. Hydrolysis of endogenous diacylglycerol and monoacylglycerol by
lipases in rat bdrain microsomes. Biochem. 16:2330-2334, 1977.

Cabot, M.C. and Gatt, S. Hydrolysis of neutral glycerides by lipases of rat brain microsomes
Biochem. Biophys. Acta 431:105-115, 1976.
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Give the following information for key professional personnel listed on page 2, beginhing with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHOATE (Mo., Day, ¥r.)
Zenon S. Steplewski, M.D., D.M.S., D.S.| Professor

EDUCATION (8egin with baccalaursate or other initisl professional egucation and inciude postdoctoral training)

2

DEGREE /circle YEAR Y
INSTITUTION AND LOCATION highest degree) CONFERRED FIELD OF STUD

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronologicsl ordar previous smpioyment, experi-

ence, and honors. Includs present membership on any Federal Government Public Advisory Committes. List, in chronological order, the tities and

compiete refersnces to all publications during the past three years and 1o representative earlier publications pertinent to this application, DO NOT
EXCEED TWO PAGES.

e
—

1953 - 1963 Research Assistant and Senior Assistant, Dept. of Histology and
Embryology, Silesian Medical School, Zabrze, Poland.

1963 - 1966 Adjunct, Dept. of Tumor Biology, Institute of Oncology, Gliwice, Poland.

1966 - 1968 Visiting Scientist, The Wistar Institute, Philadelphia, PA.

1969 - 1973 Head, Tumor Virus Laboratory, Dept. of Tumor Biology, Imstitute of

Oncology, Gliwice.

1973 - 1977 Associate Scientist, The Wistar Institute, Philadelphia.

1977 - 1984 Associate Professor, The Wistar Institute, Philadelphia.

1984 - present Professor, The Wistar Imstitute, Philadelphia.

HBONORS: )

1970 - 1973 Several awards from the Polish Ministry of Health and Polish Scientific
Societies.

1970 - 1973 Committee of Cell Biology and Tumor Biology, Polish Academy of Sciences

11980 Editor, Hybridoma; Editor, Monoclonal Antibody News.

PUBLICATIONS: (selected)

Adams, D.O., Hall, T., Steplewski, Z., and Koprowski, H. Tumors undergoing rejection
induced by monoclonal antibodies of the IgG2a isotype contain increased numbers of

macrophages activated for a distinctive form of antibody-dependent cytolysis. Proc.
Natl. Acad. Sci, USA, 81, 1984 (June).

Powe, J., Pak, K.Y., Paik, C.H., Steplewski, Z., Ebbert, M.A., Herlyn, D., Ermst, C.,
Alavi, A., Eckelman, W.C., Reba, R.C., and Koprowski, H. Labeling Monoclonal Antibodies
and F(ab'), Fragments with ('!'In) Indium Using Cyclic DTPA Anhydride and Their In Vivo

Behavior in Mice Bearing Human Tumor Xenografts. Cancer Drug Delivery, Vol. 1, No. 2,
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OTHER SUPPORT
(Use continuation pages if necessary)

[y

For each of the professionals named on page 2, list, in three separate groups: {1) active support; (2) applications and proposals
pending review or funding; (3) applications and proposals planned or being prepared for submission. inciude a// Federal, non-
Federal, and institutional grant and contract support. !f none, state “‘none.” For each item give the source of support, ifdentifying
number, project titie, name of principal investigator/program director, time or percent of effort on the project by professional
named, annual direct costs, and entire period of support. (If part of a larger project, provide the tities of both the parent project
and the subproject and give the annual direct costs for each.) Describe the contants of each item listed. If any of these overiap,
duplicate, or are being replaced or supplemented by the present application, delineate and justify the nature and extent of the

scientific and budgetary overiaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
{1) ACTIVE SUPPORT:

Lee C. Washburn 90% Salary and Benefit
10Z Salary and Benefit
Rarl F. Hibner 60Z Salary and Benefit
40% Salary and Benefit
James E. Crook 100Z Salary and Benefit
Myles C. Cabot 100% Salary and Benefit

(2) Grant Application: Pending Review

Support - DOE

1

Support

Support -
Support

Support -

Support -

NCI

DOE
NCI

DOE

DOE

"Labeled Amines as Markers of Pulmonary Injury
James E. Crook, Principal Investigator, submitted to

Grant Application: Pending Review

Contract No. DE-AC05-760R00033
Contract No. CA29490-03

Contract No, DE-AC05-760R00033
Contract No. CA29490-03

Contract No. DE-AC05-760R00033
Contract No. DE-AC05-760R00033

and Repair,”
NIH, April 27, 1984.

"Lipid Role in Phorbol Ester Binding," Myles C. Cabot, Principal
Investigator, submitted to NIH, October 24, 1983.

(3) None
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RESOURCES AND ENVIRONMENT

FACILITIES: Mark the tacilities 10 be used 3t the applicant organization and brietly indicate their capacities, pertinent capabilities, reistive proximity
and extent of avaiisbility to the project. Use ““other” to describe the facilities st any other performance sites listed in item 9, page 1, and at sites for
tieid studies, Using conuinuation pages if necessary, inciude an explianation of any consortium arrangemens with other organizations.

¢

Ez]ljbon",v:Three well-equipped, air-conditioned laboratories with a total of approxi-
mately 2,000 sq. ft. are available in the Vance Road buillding of Oak Ridge
Assoclated Universities (ORAU) Medical and Health Sciences Division (M&HSD).

D Clinccal:

At ORAU MS&HSD modern accredited animal facilities with adequate floor space
E;]AMmd' to house cages for all animals in this project are located in the same
" building as the office and laboratories of the Primcipal Investigator.
Shared specimen collecting and work laboratories are alsc located directly within
the animal facility. Adequate caging, which complies with minimum size and con-
struction requirements as given in the DHEW Guide, 1s available.

ORAU has a Digital Equipment Corporation PDP 11/44 computer with 768 kilobytes

of memory. The minitab data analysis software package (Minitad Project,
University Park, PA) is availlable for statistical testing of experimental data.

Eg]onke Each investigaﬁor has a well-equipped, air-conditiomed office.

!DOthcr( |

MAJOR EQUIPMENT: List the most important equipment items airesdy avsilabie for this project, noting the iocation and pertinent capabilities of
esch. Laboratory Data Control (LDC) gradient high performance liquid chromatograph with LDC
refractive index detector, LDC variable wavelength UV detector, Packard custom liquid-
column single-channel analyzer monitor (for detecting the elution of gamma-emitting radio-
nuclides), and Radiomatic Flo-One Model HP radicactivity detector (for beta emitters) with
Model ES electronic stream-splitting device; Beckman Model 1S 2800 liquid scintillatien
counter with external standardization by H#, DPM capability, chemiluminescence monitor,
and multi-user package; Packard Model 5220 Auto-Gamma scintillation spectrometer; Searle
Pho-Gamma V scintillation camera; and Ohio-Nuclear dual head rectilinear scanner are
located at ORAU M&HSD.

ADDITIONAL INFORMATION: Provide sny other information describing the environment for the project. Identify support services such =
consultants, secretarial, machine shop, and slectronics shop, and the sxtent 1o which they will be svailable 10 the project.

RESOURCES AND ENVIRONMENT

Dr. Zenon Steplewski of The Wistar Institute, who has an excellent record in monoclonal
antibody research, will be a Co-Investigator on this project. Dr. Steplewski's laboratory
will provide the monoclonal antibodies and monoclonal antibody fragments as well as the
tumor lines which are required for this project. He will also work with ORAU investigators
to set up at ORAU the radioimmunocassay procedure necessary to verify the retention of
immunological activity of the antibodies after derivatizatiom. Dr. R.L. Hayes, former head
of ORAU's M&BSD preclinical radiopharmaceutical development program, will serve as a coasul

i ertise available both
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RESOURCES AND ENVIRONMENT (continued)

within ORAU and in the Oak Ridge community at large, especially the Oak Ridge Natiomal
Laboratory. Additionally, the University of Tennessee is nearby and has resources
available to us within the graduate, medical, and veterinary divisions. Full-time
secretarial services with access to word processor will be available to the project

as required, and ORAU's well-equipped machine shop and the Division's electronic

shop will alsc be available as needed.

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS'

This research grant application includes a segment of activity that would be performed
in facilities of the U. S. Department of Energy and governed by an existing contract
between Oak Ridge Associated Universities (ORAU) and the DOE. The DOE has reviewed
this proposal and has concurred in ORAU conducting the described work in the DOE
facilities made available for biomedical research, subject to payment to the DOE by
ORAU from NIH funds of the applicable direct and indirect cost of the work (mot in-

cluding any charge for the use of DOE facilities) as determined by the provisions of
the DOE's contract with ORAU.

By way of general information, ORAU's contract with the DOE is a cost-type contract
financed under a Govermment-fund account. The specific contract work is formulated

in cooperation with the DOE and authorized within general guidelines in the contract.
Ownership of all equipment and facilities ‘acquired by ORAU with DOE funds is vested in
the U. S. Govermment at the time of acquisition. The contract also contains all the
terms generally common to Govermment contracts of the type under which ORAD conducts
research operations in Government-owned facilities.

In particular, ORAU's contract with DOE includes standard articles on the subjects of
small busipess, contracting with labor surplus firms, contracting with women-owned
concerns, disabled veterans, employment of the handicapped, clean air.and water, cost
accounting standards, cost or pricing data, equal opportunity and safety and health.
We believe that in these areas, the contract conditions parallel conditions which NIH
ordinarily applies to its grants. In the event of differences between NIH grant terms
and these DOE contract terms, ORAU is agreeable to meeting both to the extent that
they are not in conflict, and to applying those most favorable to the United States
Govermment where this is involved. If NIH is aware of problems that such an approach
would produce or suggest, ORAU upon receipt of such advice would refer the matter to
the DOE for direct resolution with NIEH.

The contract also includes DOE standard patent rights and technical data articles for
nonprofit organizations. We propose applying these or those which NIH applies to
grants, whichever provides ORAU with the greater rights in these areas. We believe
this approach is consistent with Public Law 96-517.
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RESEARCH PLAN
A, Specific Aims

The specific aim of this research is preclinical development and evaluation of
tumor-specific 255Fm- and 90Y-labeled monoclonal antibodies or monoclonal antibody -
fragments for potential application in radioimmunotherapy of cancer. A bifunctiomal
chelate -technique involving coupling of the chelating agent, diethylenetriamine-
pentaacetic acid (DTPA), to monoclonal antibodies via the cyclic DTPA anhydride will be
used, This will permit radiolabeling monoclonal antibodies with a variety of metal ion
radionuclides. A radioimmunoassay technique will be used to verify retention of
immunological activity after radiolabeling. Monoclonal antibodies labeled with In-111,
Yb~169, and Y-88 will be used for preliminary scintigraphic and tissue distribution
studies in nude mice bearing the appropriate tumor type for each antibody to determine
the time course of tumor localization. A radiolabeled monoclonal anti-influenza
antibody will be used as a control to assess the importance of nonspecific binding.
Tissue distribution studies using monoclonal antibodies labeled with Fme-255, Y-90, and
Es-253 (to be used as a longer-lived model for Fm-255) will then be carried out, and
this data will be used for radiation dosimetry calculations. In vivo tumor growth
studies will be carried out in tumor-bearing nude mice to assess the potential of

Fm— and 90Y-iabeled monoclonal antitumor antibody derivatives for future clinical
radioimmunotherapy trials.

B. Significance A

Research on tumor localization of radiolabeled antibodies dates back some 30 years
to the work of Pressman and Korngold (1), who showed that labeled antibodies against
Wagner osteosarcoma cells were concentrated in vivo by the solid tumor. Antibodies to
tumor—associated antigens have been considered as leading candidates for the long-
sought "magic bullet” (2). Antibodies having a high enough specificity for tumor
tissue could in theory be used, in a radiolabeled form, for diagnosis of cancer and
also as carriers of radionuclides and cytotoxic drugs for cancer therapy.

The conventional production of antibodies in animals has serious limitationms,
however. BEven when highly purified antigen preparations are used, a whole spectrum of
antibodies with diverse specificities is still obtained, and separation of the desired
antibody from such mixtures is very difficult. Also, considerable batch-to-batch
variability in the quality of the antibody obtained is quite common, Finally, even
vhen large animals are used, there are practical limitations to the quantity of
antibody which can be produced.

The discovery of a technique for production of monoclonal antibodies by Kohler and
Milstein in 1975 (3) provides a solution to these problems. Monoclonal antibodies,
produced in tissue culture by lymphocyte-myeloma hybridomas (4), are homogeneous,
require little effort for purification, and can be reproducibly prepared in large
quantities. Since their discovery, the potential of monoclonal antibodies for a
variety of clinical, basic research, and even industrial applications has been

recognized (2). One of the most important of these is their possible use in diagnosis
and therapy of cancer.

Table 1 lists the radionuclides vhich have been used for labeling monoclonal
antibodies for diagnostic and therapeutic investigations, Most of these studies to
date have used I-131 as a radiolabel. Studies of the diagnostic (5~24) and therapeutic
(23-26) potential of 131I~1labeled monoclonal antibodies have been carried out in both
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TABLE 1

RADIONUCLIDES USED AS LABELS FOR MONOCLONAL ANTIBODIES

Decay Energy of Principal
Radionuclide Balf-Life Mode(s) Photon(s) (KeV) References ‘
Iodine-131 8.05 d g 364 5=-26
Iodine-123 13 h EC 160 27,28
Iodine~125 60 d EC 35 19-22,29-31
Technet ium-99m 6.0 h IT 140 36,51
Indium-111 2,814 EC 173, 247 33,43-51
Gallium—68 68 m B+, EC 510 51
Bismuth-212 60.6 m g=, a None 52
Yttrium-90 64.2 h B None 53

animals and man. Short-lived I~123 has been used as a label for imaging studies in
animals (27,28) and man (28), and I-125, although unsuitable for imaging, has been used
as a radiotracer in animal studies (19,22,29-31). Subtraction of background activity
(32) has been used in many of these investigations to enhance tumor imaging
(6,11,14-16,18,22), Another way of improving the tumor images obtained with
radiolabeled monoclonal antibodies involves use of single photon computerized emission
tomography (SPECT) (13,22). For 131I-labeled monoclonal antibody against
carcxnoembryonxc antigen, SPECT was shown _to be clearly superior to rectilinear
scanning, permitting correct visualization of 16 out of 17 tumor sites studied (13).
One can often actually increase the tumor—-to-nontumor ratios by enzymatzcally removing

non-binding portions of the antibody molecule before radiolabeling is carried out.
This results in labeled fragments that maintain their specificity but eliminate non-
specific binding (9,16-20,22,23,30,33),

Studies using radiciodinated derivatives clearly show the potential of radiolabeled
monoclonal antibodies for cancer diagnosis and therapy. A major drawback to using
radionuclides of iodine as labels for monoclonal antibodies is, however, the problem of
in vivo deiodination, which obscures the images by producing a high genmeral background
as well as abnormally high concentrations in the stomach, bladder, and kidney (34,35).
In addition, I-131 is far from ideal for both diagnostic and therapeutic applications

because of its long half-life and medium energy gamma emission which results in high
radiation doses to normal tissues.

Kits have been developed for labeling F(ab“)2 fragments of monoclonal antimelanoma
antibodies with Te-99m (36). Although promising results were obtained in animals, the
initial clinical results failed to demonstrate uptake in metastatic lesioms (36),

The bifunctional chelate technique involves covalent attachment of a chelating
group to proteins, permitting strong binding of polyvalent metal ions. This concept
was first introduced by Sundberg and co-workers (37), who used a diazonium coupling
reaction to attach a phenylethylenediaminetetraacetic acid (phenyl-EDTA) moiety,
permitting labeling of proteins with In-111. Krejcarek and Tucker (38) used a mixed
carboxycarbonxc anhydride to attach diethylenetriaminepentaacetic acid (DTPA) to
proteins via an amide linkage. Yokoyama and co-workers (39) used glutaraldehyde as a2
coupling agent to link desferrioxamine, an excellent chelating agent for radionuclides
of gallium and indiom, to proteins, Perhaps the most attractive method, however,
involves use of a cyclic anhydride to couple DTPA to proteins, again via an amide
linkage. The cyclic DTPA anhydride method was first developed by Eckelman and co-
workers (40) to make chelating derivatives of fatty acids and was adapted by Hnatowich
and co—~workers (41,42) to radiolabeling of proteins. Several papers have recently been
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-published describing methods for radiolabeling monoclonal antibodies with indium—-111

via the cyclic DTPA anhydride (33,43-47), Advantages of the cyclic DTPA anhydride
procedure are the simplicity of the syntheses, mild coupling conditions, and easy
purification of the protein after coupling.

Paik and co-workers (45,46) have investigated the effect of pH on DTPA conjugation
to antibodies via the cyclic DTPA anhydride technique. Out of four buffer solutions
studied for the coupling reaction, 0.1 M bicarbonate buffer at pH 8.2 gave the optimal
results. For a monoclonal antibody against colorectal carcinoma, a cyclic DTPA
anhydride to antibody molar concentration ratio of 50:1 allowed chelation of 1.3 indium
atoms per molecule of antibody with only 7% deactivation of the antibody. BRigher
concentration ratios gave disproportionately greater antibody deactivation.

The bifunctional chelate technique has been investigated for labeling monoclonal
antibodies with metal ions. Hnatowich and co-workers found that lllIn-labeled
monoclonal antibody to carcinoembryomic antigen labeled by the cyclic DTPA anhydride
approach had a higher tumor uptake than the same antibody labeled with radiciodine
(44). Likewise Wang and co~workers (47) found better binding of lllIn-labeled
monoclonal antibody against high-molecular weight melanoma-associated antigen than

I-labeled antibody when incubated in vitro with melanoma cells. However, Powe and
co-workers (33) found that lllIn-labeled F(ab”)y fragments of monoclonmal antibodies to
human colorectal carcinoma and melanoma-associated antigens were inferior to the
analogous 1311-1abeled fragments for imaging tumor xenografts in nude mice, possibly
because of increased catabolism of the 13l1I-labeled antibody. Chelate~conjugated
monoclonal antibodies have also been labeled with In-111 by the mixed anhydride
technique (29,48-50). A DTPA-conjugate of Fab fragments of antibody to canine cardiac
myosin was chelated with In-111 and used to image myocardial infarctions in dogs (51).
Preliminary results with this same antibody conjugate were also reported using Tc-99m
and Ga—68 as radiolabels (51),

Bismuth~212 has also been used to label monoclonal antibodies through a
bifunctional chelate derivative, and a study of the therapeutic efficacy of these
agents is in progress (52). However, the short half-life (60.6 min) may not be
adequate for proper blood clearance. Preliminary studies of monoclonal antibodies
labe%ed)with the pure beta emitter yttrium90 (Tj/2 = 64.2 h) have also been carried
out (53).

As seen from the above description of previous research with radiolabeled
monoclonal antitumor antibodies, the bulk of this has emphasized the diagnostic rather
than the therapeutic potential of these agents. This proposed research involves
labeling highly specific monoclonal antibodies or monoclonal antibody fragments with
the alpha emitter fermium-255 (Fm~255) and the beta emitter yttrium90 (Y-90) for
studies of radiotherapeutic efficacy. Alpha emitters are ideal for therapy because
their entire radiation energy is confined to a very small range (54). Fermiuvm255
appears to be an excellent radionuclide for therapy because it decays by alpha emission
with a half-life (20.1 h) which is long enough to allow good tumor uptake and blood
clearance, yet short enough to prevent an excessive radiation dose to normal tissues.
It decays to C£-251, which is so long-lived (T1/z = 900 y) that its contribution to the
radiation dose would be negligible., TYttrium—90 will also be evaluated in detail as a
label for monoclonal antibodies for radioimmunotherapy. Monoclonal antibodies labeled
with Fm~255 or Y~90 may be very promising new agents for cancer therapy.

C. Preliminary Studies

As was pointed out in section B., of the methods that have been developed to date
for the covalent coupling of polyaminocarboxylates to proteins, such as monoclonal
antibodies, the cyclic DTPA anhydride technique appears to be the method of choice for
labeling antibodies with polyvalent cationic radionuclides. It is rapid, proceeds at
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physiologic pH, and yields chelating products that retain their immunological activity
(29).

In preliminary studies directed toward establishing a general technique for
labeling monoclonal antibodies, we have used a modification of the methods of Hnatowich
et. al. (44) and Paik et. al. (45) for coupling DTPA to antibodies. The coupling .
procedure for a 1:1 ratio of cyclic DTPA anhydride to monoclonal antibody is as
follows: Ten ul of a 1.5 mg/ml solution of the cyclic DTPA anhydride in chloroform was
evaporated to dryness under nitrogen gas in a glass tube. Purified colorectal
monoclonal antibody 17-1A IgG2a (5.8 mg) in 100 ul of 0.05 M NaHCO3/1M NaCl buffer was
added to the dry anhydride and the solution agitated for 30 minutes at room
temperature.

Ten ul of this stock solution of DTPA-coupled monoclonal antibody was combined
with 10 yl of In-111 in 0.5 M acetate buffer (pH 6), After standing for 30 min at room
temperature, 5 ml of 0.01 M citrate buffer was added and the mixture centrifuged in an
ultrafiltration membrane cone (Amicon Corporation, Danvers, MA). From the percentages
of radioactivity associated with the filtrate and residue fractions, it was found that
the coupling efficiency was 632 (an average of 0.63 DTPA group per antibody molecule).

The 1llIn-labeled DTPA-coupled antibody was separated from 111In-DTPA using a
Sephadex G50 gel filtration column (1.5 x 9 cm) eluted with 0.02 M NagHP04/0.5 M NaCl
buffer (pH 7). Elution of radiocactivity from the column was monitored using a custom
liquid-column single-channel analyzer monitor system (Packard Instrument Company,
Downers Grove, IL)., At a flow rate of 0.2 ml/min, the retention time of the
11l1p-1abeled DTPA~coupled antibody was 20-25 min and that of 111Ip-DTPA was 50-60 min
(Fig. 1). We have also found that the separation can be carried out prior to labeling,
if desired, by using UV absorption at 280 mm to monitor elution of the DTPA-coupled
antibody.

SEPARATION OF '"IN-LABELED DTPA-COUPLED 17-1A
FROM ""IN-DTPA BY GEL FILTRATION

MN-DTPA-17-1A

RADIOACTIVITY

M"Y-DTPA

10 20 30 40 S50 80 70
TIME (MINUTES)

Fig. 1. Separation of !llIn-labeled DTPA-coupled 17-1A from
. 11175-DTPA by gel filtratiom.

1017819

27



Principal Investigatc c. S
Lee C. Washburn

Five preparations vere sent to Dr. Z. Steplewski of The Wistar Institute for
radioimmunological testing (see method in Section D.4.) to determine the retention of
immunological activity of the derivatized antibodies: (1) Purified monoclonal
anticolorectal antibody 17-1A 1gG2a (as a standard); (2) a solution of 17-1A which was
lyophilized and resuspended in water to a concentration of 5.8 mg/100 ul (because the
original 17-1A solution was too dilute for the coupling reaction); (3) DTPA-coupled
17-1A prepared from the solution in (2) as described above (1:1 ratio of anhydride to
antibody) and purified by gel filtration; (4) DTPA-coupled 17-1A which was complexed
with a molar amount of stable In*3 equivalent to the DTPA present (to completely
saturate the chelating sites) and then purified by gel filtratiom; (5) DTPA-coupled
17-1A prepared from the solution in (2) as described above except that the
anhydride-to-antibody concentration ratio was 20:1 (which gave an average of 4.5 DTPA
groups per antibody molecule). The immune reactivity of samples 2-5 were unchanged
relative to the purified 17-1A preparation (sample 1), when tested using the colon
carcinoma cell line SW1116, which expresses about 5 x 105 binding sites per cell for
this antibody (Fig. 2). They were also tested using human melanoma cell line WM-9,
which should not bind the antibody (Fig. 3). There was some apparent binding of the
conjugates at higher concentratioms, but this was probably due to aggregation rather
than specific binding.

BINDING OF ANTIBODY 17-1A AND ITS CONJUGATES
TO COLON CARCINOMA CELL LINE SW 1118

T BINDING OF ANTIBODY 17-1A AND ITS CONJUGATES
1 » TO HUMAN MELANOMA CELL LINE WM-8
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Fig. 2. Binding of antibody 17-1A Fig. 3. Binding of antibody 17-1A
and its conjugates to colon carcinoma _and its conjugates to human melanoma
cell line SW 111l6. cell line WM-9,

Preliminary biodistribution experiments were carried out in nude mice bearing human
tumor implants using lllIn-labeled, DTPA-coupled monoclonal antibody 17-1A against
colorectal carcinoms. The purified 11lIn-labeled 17-1A was prepared by reaction of
17-1A with cyelic DTPA anhydride as described above, addition of an acetate-buffered
solution of In-111 (pH 5) to radiolabel the chelate-conjugated monoclonal antibody by
ligand exchange, and finally purification of the lll1p-1gbeled 17-1A from 1111p-DTPA by
gel filtration. Nude mice were inoculated with 107 human tumor cells and used for the
biodistribution studies when the tumors were 5-10 mm in diameter., Human colon
carcinoma cell line SW 948 was used to test for specific tumor uptake of the

In-labeled 17-1A, and human melanoma cell line WM 164 was used to assess the
importance of nomspecific uptake, Each mouse received 6.7 ng of antibody. The results
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are shown in Table 2. At 48 hours after injection of the radiolabeled antibody, a
tenfold greater uptake was found in the colon carcinoma than in the melanoma. A 5:1
tumor-to-blood concentration ratio was observed.
TABLE 2
48-HOUR TISSUE DISTRIBUTION OF l1lIN-LABELED 17-1A IN TUMOR-BEARING NUDE MICE

% Administered Dose/g/25
Buman Colon Carcinoma Human Melanoma

Tissue Cell Line SW 948 Cell Line WM 164
Tumor 27.9 2.8
Blood 5.6 2.1
Liver 10.1 15.3
Spleen 11.1 41.4
Kidoey 10.5 6.0
Lung 4.5 4.4
Muscle 1.0 0.6
Heart 2.3 2.0
S. Intestine 5.8 10.3

These encouraging preliminary results lead us to feel that the above approach to
chelate coupling, labeling, and purification should be quite generally effective for
preparation of monoclonal antibodies labeled with polyvalent cationic radionuclides
such as the alpha emitter, fermium—225, and the beta emitter, yttrium-90.

D. Experimental Design and Methods

1. Radionuclides to be used as labels

The radionuclides that we propose to study as labels for monoclonal antibodies are
listed in Table 3. The advantages of alpha-emitting radionuclides for internal
radiotherapy have already been discussed in Section B. The properties of Fm=255 (Tj/2
= 20.1 h) make it nearly ideal for use in radioimmunotherapy. This radionuclide is
unique in that it is available from parent Es-255 (Tj/9 = 38 d) and in turn decays
solely by alpha emission to Cf-251 (Tj/9 = ~900 y). Tracer quantities of Fm—255 and
Es-253 (Ty/2 = 20.5 d) (to be used as a longer-lived model for Fm-255) can be obtained
one or two times a year from the Transuranium Processing Plant at Osk Ridge National
Laboratory (see letter from Dr. J. E. Bigelow).

TABLE 3

RADIONUCLIDES PROPOSED AS LABELS FOR MONOCLONAL ANTIBODIES

Radionuclide Half-Life Decay Mode(s) Proposed Application
Fermium—255 20.1 b a Radioimmunotherapy
Yttrium-90 64.0 h g= Radioimmunotherapy
Einsteinium-253 20.5 4 a Model for Fm-255
Yttrium—88 106.6 d EC Model for Y-90
Indium-111 2.84d EC Scintigraphic Studies
Ytterbium-169 31.04d EC Scintigraphic Studies

However, the supply of Fm255 in this country at the present time is limited to
that available from the Oak Ridge Rational Laboratory. Although it is not as suitable
as Fm-255 for internal radiotherapy, the pure beta emitter Y-90 (TIIZ = 64 h) is
readily available from its parent Sr-90 (Tj/2 = 28 y), and it therefore could act as a
substitute for Fm—255. For this reason, together with possible unexpected difficulties
with the use of Fm~255, we will also develop monoclonal antibody derivatives labeled
with Y-90. Longer-lived, accelerator—produced Y-88 (Tl/z = 106,.6 d4) will be used as a
model for ¥-90. 29
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Initial scintigraphic and tissue distribution studies for each monoclonal antibody
derivative will be carried out with gamma-emitting radionuclides of intermediate
half-life, such as commercially available Yb-169 (Ty/2 = 31 d) and Y-88 (Ty/2 = 106.6
d) in order to study the tumor uptake and background clearance of the agent over s
period of 8 few hours to several days after administration. Indium-111 (T1/2 = 2.8 4d)
will also be used as an antibody label in order to facilitate comparison of the results
obtained in this study with other published work on lllIn-labeled DTPA-coupled
monoclonal antibodies. These radionuclides all have high stability constants with both
DTPA and EDTA (see Table 4, ref. 55), and therefore polyaminocarboxylate ligands
coupled to monoclonal antibodies should bind them very strongly. The metal ion used
would not be expected to have a significant effect on the biodistribution of a
particular antibody derivative. Tissue distributions that vary with isotopic label

could be explained only by major differences in their stability constants or by the
influence of in vivo exchange of the isotope with plasma proteins.

Einsteinium-253, an alpha-emitting radionuclide of intermediate half-life that is
chemically very similar to Fm255, will also be used as a label for monmoclonal
antibodies for tissue distribution studies. Assay by liquid scintillation counting
techniques will be required for Es-253, as described in our previous study of Es-253
citrate uptake by tumors (56).

TABLE &
STABILITY CORSTANTS FOR DTPA AND EDTA WITH METAL IONS PROPOSED AS RADIOLABELS

iog of Equilibrium Constant (Kj)

Metal ITon DTPA EDTA
Fm+3 22.7 na
+3 22.1 18.1
b+3 22.7 19.5
Es*3 22.6 na
In+3 28.4 24.9

If good potential is seen in these preliminary investigations, the antibody
derivative will then be labeled with Fm~255 and Y-90, the nuclides of interest for
radioimmunotherapy, for further tissue distribution studies as well as tumor regression
and radiation dosimetry studies.

2. Methods for radiolabeling momoclonal antibodies

Covalent coupling of the chelating agent DTPA to monoclonal antibodies and
monoclonal antibody fragments will be accomplished using the cyclic anhydride of DTPA
(44,45), This will permit labeling these antibody derivatives with selected metal ion
radionuclides for investigation of their radioimmunotherapeutic potential. The cyclie
anhydride technique, illustrated in Fig. 4, appears to be the method of choice for the
reasons discussed in Section C. Hnatowich and co-workers (57-58) have found that DTPA
forms stable chelates despite the utilization of one carboxyl group in the formatiom of
the amide bond. Since four carboxyl groups still remain, attachment of DTPA onto a
protein would produce a net negative charge, even after complexation with a trivalent
metal ion. However, this apparently does not affect the biological activity of an
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Fig. 4. Covalent attachment of DTPA to proteins via the cyclic DTPA anhydride.

antibody or other protein. For instance, fibrinogen has been modified in this way with
no loss of activity in the clotting process or change in biodistribution (42), and a
monoclonal antibody to colorectal carcinoma has been conjugated with 1.3 DTPA groups
per antibody molecule with only 7% deactivation (45). In our preliminary studies (see
Section C.), monoclonal anticolorectal antibody 17-1A was conjugated with up to 4.5
DTPA groups per antibody molecule with no loss of immunological activity.

The experimental conditions described in Section C. for synthesis and purification
of the DTPA-coupled monoclonal antibodies are expected to be quite general for the
monoclonal antibodies and monoclonal antibody fragments to be investigated.
Radiolabeling will be accomplished by ligand exchange, by adding a buffered solution of
the appropriate radiocactive metal ion to the reaction solution either before or after
purification from free DTPA, If necessary, a weak chelate such as citrate will be
added to avoid cation hydrolysis,

Since Hnatowich has reported great variability in the coupling efficiency [as much
as 70 for albumin (41) to as little as 13X for fibrinogen (42)], we will determine the
coupling efficiency at various anhydride-to-antibody molar ratios for each monoclonal
antibody to be studied. This will allow us to determine an optimal anhydride-to-
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antibody molar ratio which will give adequate radionuclide binding and maximum
retention of immunological activity., The molar ratio used for a particular monoclonal
antibody will depend upon the coupling efficiency for that antibody and the specific
activity of the radionuclide to be used as a label. The number of DTPA groups per
antibody molecule will, of course, be kept as small as possible in order to minimize
perturbations in the structure and immunological activity of the DTPA-coupled .
monoclonal antibodies.

If for any reason the cyclic DTPA anhydride technique should be unsuccessful, we
will couple DTFA to monoclonal antibodies and monoclonal antibody fragments using the
mixed carboxycarbonic anhydride technique developed by Krejcarek and co-workers (38)
and modified by Paik and co-workers (59) to work on the micro scale necessary for
labeling antibodies.

3. Monoclonal antibodies to be radiolabeled

Colon carcinoma is the second leading cause of cancer deaths in the United States
(60). Demographic data show that the age group primarily affected by carcinoms of the
colon is increasing in size. Thus, one major area of focus of our investigation of
radiolabeled monoclonal antibodies for cancer therapy will be on colon carcinoma.

Radiolabeling of two monoclonal antibodies that have exhibited great specificity
for gastrointestinal carcinomas will be performed. The individual characteristics of
these two antibodies are described in Table 5 (61). The monoclonal antibodies and
monoclonal antibody fragments which we propose to study will be obtained from The
Wistar Institute in Philadelphia, Pennsylvania. Researchers at this imstitute,
including Dr. Zemon Steplewski, a co-investigator on this project, have been at the
very forefront of monoclonal antibody research almost from the beginmning of this work"
(see Dr. Steplewski”s Biographical Sketch).

TABLE 5

CHARACTERISTICS OF THE MONOCLONAL ANTIBODIES TO BE STUDIED

MOROCLONAL ’
ANTIBODY 17-1A 19-9 19-19
Isotype IgG2a IgGl IgGl
cnC no no no
ADCC ‘ yes yes no
Tumor inhibition yes no no
Antigen: protein sialylated proteo-
lacto-K-/fuco- glycan
pentaose II
Spent Medium no yes yes*
Serum no yes yes*
Immunoperoxidase
Assay:
Frozen Section yes yes yes
Paraffin embedded,
fixed tissues no yes no
Specificity: colorectal colon, welanoma &
& pancreatic pancreas, astrocytoma
carcinoma gastric,
and liver
carcinoma

*Only in very advanced cases.
32
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The Wistar Institute has available a panel of tumor cell lines which are able to
form tumors in nu/pu mice. These include:

Colon carcinoma 11 cell lines
Gastric carcinoma 1 cell linpes ‘
Pancreatic carcinoma 3 cell lines
Melanoma 20 cell lines
Astrocytoma 5 cell lines
Lung adenocarcinoma 3 cell lines
Breast adenocarcinoma 5 cell lines

Our investigations with monoclonal antibodies to colorectal carcinoma will begin
with 1083-17-1A (17-1A). Utilizing radioimmunocassay to detect binding of mouse
monoclonal antibody to live cells by using rabbit anti-mouse F(ab“)s radioiodinated
I1gG, 17-1A was found (62) to bind selectively to all nine colorectal carcinoma cell
lines studied. Specificity of 17~1A for pancreatic carcipoma has also been
demonstrated. However, three lung carcinomas, ten melanomas, two astrocytomas, one
breast carcinoma, and a panel of other tumor and normal cell lines did not express the
antigen against which the antibody is directed.

The monoclonal antibody 17-1A has been studied fairly extensively. Labeling of the
monoclonal antibody 17-1A with I-131 has been accomplished (14). Although I-131 is not
a good choice of & radiolabel because of in vivo deiodination, specific uptake of the
labeled antibody by human colorectal carcinomas was easily observed (11,16,19,22).

The second gastrointestinal monoclonal antibody to be used is 1116-NS-19-9 (19-9).
Unlike the 17-1A antibody, it belongs to the IgGl isotype. Studies in an
immunoperoxidase system have shown binding of the antibody to gastric, liver,
pancreatic and colorectal carcinomas (63). The finding of a high specific binding of
both 17-1A and 19-9 to pancreatic carcinoma tissue is of great interest. Our group has
had extensive experience in the detection of pancreatic tumors utilizing
positron-emitting radiopharmaceuticals such as l11C-labeled l-aminocyclobutanecarboxylic
acid and the resolved stereoisomers of l1C-labeled valine and tryptophan in conjunction
with the ECAT positron tomographic imaging system. Although the frequenmcy of '
occurrence of pancreatic adenocarcinoma is, fortunately, much less than that of colon
and rectal carcinomas, it is a devastating malignancy in terms of five-year survival
rates (1-3%), which have shown little improvement over the past years. This figure
reflects the difficulty in both early detection and efficacy of therapy once detected.

As seen in Table 5, of the two anticolorectal antibodies chosen for study only one
(17-14) is tumoricidal. This trait is more generally associated with antibodies of the
IgG2a isotype. Monoclonal antibody 17-1A has undergone Phase I trials in four patients
with gastric carcinoma (64). It appeared generally well tolerated but, with the
injection of therapeutic amounts of the murine immunoglobulin, the possibility of an
untoward response exists. Utilization of radiolabeled monoclonal antibodies may be
able to further decrease potential problems by enabling use of much smaller quantities
of the immunoglobulin.

The third and final monoclonal antibody to be studied is the monoclonal
antimelanoma antibody 691-19-19 (19-19), isotype IgGl. This antibody is directed
against human cutaneous malignant melanoma. It reacts with the majority of melanoma
cells tested and with astrocytomas. The radioimmunocassay results against all other
tumors, including colorectal carcinoma, and normal cells were clearly negative (65).
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When a radiolabeled monoclonal antibody is found which has the desired tumor
specificity, Fab and F(ab”)y fragments of that antibody, isolated by enzymatic cleavage
with papain and pepsin, respectively, will be tested to determine whether the rate of
blood clearance of the agent is increased without loss of tumor specificity.

4, In vitro testing of radiolabeled antibodies y

The purified chelate-conjugated monoclonal antibodies and monclonal antibody
fragments will be subjected to an indirect radioimmunoassay (RIA) procedure to
determine the specific binding of the antibody preparations to target cells (33,45).
Dr. Z. Steplewski of The Wistar Insitutue in Philadelphia, a co-investigator on this

application, has agreed to spend two weeks in Oak Ridge assisting ORAU investigators in
setting up the RIA method.

In the RIA procedure, varying concentrations of the antibody or antibody fragment
preparation to be tested are incubated in microtiter plates for 1 hour at room
temperature with 2.5 x 105 tumor cells of the appropriate cell line in 100 ul of
phosphate-buffered saline containing 5% agammaglobulinemic horse serum and 0,02 sodium
azide. The cells are then washed three times with ice cold buffer to remove unbound
antibody, and a second antibody against mouse immunoglobulin F(ab”)9 labeled with I-125
(50,000 cpm in 50 yl) is added to each well. After incubation for 1 hour at room
temperature, the cells are washed three times and radioactivity associated with the
cell pellet is determined, If the activity of I-125 bound to the cells is plotted
against the logarithm of the antibody concentration, the fractional antibody binding
activity can be determined by dividing the concentration of the control antibody giving
50% bound radioactivity by the concentration of the conjugated antibody giving the same
percentage I-125 bound activity. This fractional antibody binding activity will
provide a good measure of the immunological activity of the derivatized antibody. For
each assay, several tumor cell lines that express the antigen against that particular
antibody will be used, as well as several that do not (negative binding).

Initially the RIA procedure will be carried out on the purified conjugates both
before and after radiolabeling. However, our preliminary studies (see Section C.) have
indicated that the presence of the metal ion does not affect the relative
immunoreactivity of the antibody preparation, If this continues to hold true, we will
carry out the RIA procedure only on the final radiolabeled products. .

The relative immunoreactivity of the radiolabeled DTPA-conjugated antibody
preparations will be assessed by a direct RIA procedure in which 2.5 x 105 target cells
are incubated with varying quantities of radiolabeled DTPA-conjugated antibody in a
total volume of 100 ul, After 1 hour at room temperature and three washes with cold
buffer, the radiocactivity associated with the cell pellet is counted, and the fraction
of added activity bound is determined for each dilution and compared with the equiv-
alent fractions of 1311-labeled sntibody preparation.

5. Tumor localization studies

Preliminary in vivo testing will consist of studies to assess the localization of
radiolabeled monoclonal antitumor antibodies or their fragments in transplanted tumors
by scintigraphy and subsequent radioisotopic tissue distribution analysis. Solid
tumors of the appropriate type for each antibody will be produced by inmoculatiom of
nude mice with 107 cells of the appropriste tumor type (maintained in tissue culture at
ORAU), For each radiolabeled monoclonal antitumor antibody tested, control studies to
assess the importance of nomspecific binding will be done using monoclonal anti-
influenza antibody labeled with the same radionuclide by the same procedure. The
radiolabeled antibodies will be dissolved in Eepes-buffered normal saline containing 2%
bovine serum albumin and injected into the mice via the tail vein. Tumor—bearing nude
mice will be used for these studies when the tumors asre 5-10 mm in diameter.
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Serial scintigraphic images of the lllip-, 169Yb-, and 88Y-labeled momoclonal
antibodies will be obtained using our Searle Pho-Gamms V gamma camera. The serial
image data will provide the basis for choosing an appropriaste sacrifice time for
further tissue distribution studies with that particular antibody derivative.
Gallium=67 citrate will be studied analogously in each tumor type to provide a basis
for comparing the tumor uptake of the radiolabeled monoclonal antibodies with that of
this widely-used tumor-imaging agent. At the end of this study the animals will be
sacrificed, and the tissue distribution of the radiolabel will be measured by standard
gamma counting techniques.

The monoclonal antibody derivatives will then be radiolabeled with Fm—255, Es-253,
and Y-90, and tissue distribution studies will be carried out at the optimal sacrifice
time found in the studies with gamma-emitting radionuclides. For these radionuclides,
alpha (Fm-255 and Es-253) and beta (Y-90) counting techniques utilizing liquid
scintillation counting must be used. Radiolabeled anti-influenza antibody will be
studied as a control, as described above, Each experimental group will consist of five
animals. The tissue distribution data obtained will be used in calculations of the

radiation dosimetry of these radiolabeled monoclonal antitumor antibodies (see Section
D.7.).

6. In vivo tumor growth studies

It has been shown by other investigators that hybridoma-derived monoclonal
antibodies against colorectal carcinoma suppress the growth of adenocarcinomas (66).
The studies were carried out in nude mice: The parameters measured sre the ones which
we intend to follow as evidence of efficacy of the radiolabeled monoclonal antibodies,
viz., tumor volume, time for appearance of tumor (latency), and incidence of tumor.

Thymus-deficient 6~ to 8-week-old nude mice (nu/nu, BALB/C background) will be used
as experimental animals. Approximately 107 tumor cells, in appropriate media will be
inoculated under the skin of the neck. When the tumors are 5-10 mm in diameter, the
animals will concurrently be injected intravenously with monoclonal antibodies or their
fragments labeled with Fm—255 and Y-90. Control groups will be inoculated in the same
manner and will receive the same amount of nonradiolabeled antibody or antibody
fragment., Tumor sizes will be monitored weekly by measuring the three major diameters
using & caliper. The efficacy of the radiolabeled monoclonal antibody will be
determined also by changes in the latency period between the control group
(nonradiolabled antibody) and the group receiving the radiclabeled antibody. Results
from this portion of the study will be used to design the experiments to determine an
approximate amount of radiolabeled monoclonal antibody or its fragments to be
administered concomitantly and at daily intervals following tumor implantation. The
control group will receive the same amount of nonlabeled antibody or fragments at the
same time interval. As well, the total number of nude mice with palpable masses or
nodules in the experimental and control groups will be recorded as additiomal
quantitative evidence that radiolabeled monoclonal antibodies or their fragments are
efficacious in affecting tumor appearance and progression. The statistical
significance of differences between groups will be tested using ORAU”s Digital
Equipment Corporation PDP 11/44 computer (768 kilobytes of memory) equipped with the
Minitab data analysis software package.

7. Radiation dosimetry estimates

Radiation dosimetry is an essential element in planning a treatment protocol for
radiolabeled antibodies so that the physician can determine how much activity is
required to achieve the desired effect., Although the radiation dose for an individual
patient cannot be accurately calculated from the results of animal studies, initial
estimates can be made that will help in analyzing the usefulness of the proposed
antibody and in comparing the effectiveness of the different radionuclidic labels.
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The staff of the DOE~-FDA Radiopharmaceutical Internal Dose Information Center will
participate in this study by advising on data that should be collected to facilitate
the dose estimates and by calculating radiation doses for different radionuclidic

labels and different types and sizes of tumors, as well as doses in normsal tissues from
activity in the tumors.

+
During the first year of the study, preliminary work on the radiation dosimetry
will be performed. Mathematical models of mouse tumors of various shapes and volumes
will be developed. Computer programs will be developed that will facilitate the

estimation of the dose distribution in the tumor and in the normal tissue around the
tumor.

As data are collected on the tissue distributiom, the radiation dose within the
tumor volume from the alphas emitted during decay of Fm—255 and from the betas emitted
during decay of Y-90 will be calculated to assist in correlating response to the
radioactivity (regression of tumor) with the radiation dose. 1In additiom, calculatioms

of the dose to normal tissues from the betas, conversion electrons, and photons will
also be performed.

In the final phase of study, if these agents prove to have potential value for
treatment of human carcinomas, preliminary estimates of the radiation dose in human
tumors will be made., This will require development of mathematical models of human
tumors and calucations of dose distributions in and around the tumors. Because of the
nonaniformity of the activity distribution, estimates of the dose at multiple sites

within the tumor volume will be made to give estimates of maximum and minimum doses in
the tumor.

Because traditional methods of expressing radiation doses such as the MIRD
technique are not adequate for characterizing the energy deposition in tissue at the
microscopic level, another method must be utilized. The National Cancer Imstitute
(NCI) is funding & three-year program at Memorial Sloan-Kettering Cancer Center in New
York to develop methods for calculating the dose from radioactively labeled antibodies.
Rodney Bigler, principal investigator for the NCI program, has agreed to serve as an
unpaid consultant on this proposed project (see attached letter from Dr. Bigler) to
eliminate any duplication of effort and to emsure that the methods used for expressing
energy deposition are in harmony with those developed in the NCI program. This is
extremely important in the comparison of different agents and protocols. Dr. Bigler
has also agreed to make measurements of the fermium—255 and yttrium-90 in the
anthropomorphic phantom being developed as part of the NCI program. This will verify
calculations of the radiation doses to normal tissues around the target tissues,

8. Projected clinical trials

Although no funds are requested in this proposal for clinical studies, it is
obvious that any radiolabeled antibodies and/or antibody fragments found in these
preclinical studies to have sufficient potential will be submitted to clinical
evaluation. It is expected that eventual clinical testing of the 255Fm~ and/or

-labeled monoclonal antibodies for radioimmunotherapy of cancer will be carried out
at the American Oncological BHospital of the Fox Chase Cancer Imstitute in

Philadelphia, PA. The clinical protocols will be developed for KCI approval when
appropriate,
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9., Timetable for the investigation

a. First year

During the first year of the grant award period, our efforts will be primarily
directed toward optimization of the conditions for coupling DTPA to monoclonal ‘
antibodies snd monoclonal antibody fragments and for radiolabeling the antibody
conjugates. The radioimmunoassay procedure will be developed at ORAU and used to
insure retention of immunological specificity of the radiolabeled antibodies.
Scintigraphic and tissue distribution studies of the antibodies labeled with
gamme-emitting radionuclides will begin.

b. Second year

During this period the basic scintigraphic and tissue distribution studies will be
completed, including tissue distribution studies of monoclonal antibodies labeled with
Fp~255, Y-90, and Es-253. Calculations of radiation dosimetry using the tissue
distribution data will begin. We will also begin to test antibodies labeled with
Fo—255 and Y-90 to determine the appropriate dose for best tumor regression.

¢. Third year

The radiation dosimetry calculations and in vivo tumor growth studies will be
completed, The radiolabeled antibodies that show the most promise will undergo further
extensive animal testing as required for future clinical investigatiom.

E. Buman Subjects, Derived Materials or Data
Does not apply.

F. Vertebrate Animals

Fude mice bearing transplanted tumors of the appropriate type for each radiolabeled
monoclonal antibody to be tested will be used for the biodistribution experiments,
Approximately 200 of these animals per year are expected to be required. Sacrifice of
these animals will be necessary in order to accomplish the objectives of this research,
Procedures to be used for animal care are in full accordance with the DHEW Guide as
indicated in the Assurance Statement,

G. Consultants

A letter from Dr. R.L. Hayes, the retired Head of Preclinical Radiopharmaceutical
Development for ORAU”s Medical and Health Sciences Division, who will be a consultant
on this project, is attached.

H., Consortium Arrangements or Formalized Collaborative Agreements

The major collaboration involved in this project is between ORAU and The Wistar
Institute (see attached letter from Dr. Zenon Steplewski, a co-investigator on this
project). This collaborator will provide the monoclonal antibodies and monoclonal
antibody fragments, as well as the tumor lines which are required for this project. He
will also work with ORAU investigators to set up at ORAU the radioimmunoassay procedure
necessary to verify the retention of antibody specificity after radiolabeling. The

only costs to the program will be for Dr. Steplewski to make three visits per year to
Oak Ridge.
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In addition, letters from Dr. John Bigelow of Oak Ridge National Laboratory and Dr.

Rodney Bigler of Memorial Sloan-Kettering Cancer Center (New York) are also attached.
Dr. Bigelow has agreed to provide the fermium-255 and einsteinium=-253 needed for this
project, and Dr. Bigler has agreed to grant us access to the model he is developing for
the National Cancer Institute for estimating the absorbed radiation dose from radio-
labeled monoclonal antibodies,

L.

1.

6.

9.

10.

11,
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May 4, 1984

Dr. Lee C. Washburm
Radiopharmaceutical Development
Medical and Health Sciences Division
Oak Ridge Associated Universities
P.0. Box 117

Oak Ridge, TN 37831

Dear Lee:

I am, as you are aware, very much interested in the progress of the
work with chelating derivatives of tumor-specific monoclonal antibodies
for possible use in radiotherapy of cancer. Should your grant proposal
entitled "Radiolabeled Monoclonal Antibodies for Cancer Therapy" be funded,
I would consequently be delighted to act in a consultant capacity to the
project. My best wishes.

Sincerely yours,

RLH:bb
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THE WISTAR INSTITUTE

THIRTY-SIXTH STREET AT SPRUCE
PHILADELPHIA, PA. 19104

HILARY XOPROWSKI, M.D. Puont: (215) 898-3700

DERECTOR CABLE ADOEERR WIFTARINGT

May 4, 1984

Dr. Lee C. Washburn
Radiopharmaceutical Development
Oak Ridge Associated Universities
Post Office Box 117

Oak Ridge, Tennessee 37830

Dear Dr. Washburn:

This is to confirm my willingness and enthusiasm for our collaboration
in radiolabeling of monoclional antibodies. I will be happy to serve as a
Co-Investigator with 5% effort, no salary. MWe will continuously supply you
with purified monoclonal antibodies and I will participate in all experiments,

as designed in the grant proposal.
Q truly yours,
S ~

Zenon Steplewski, MD, D.Sc.

IS:ets
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OAK RIDGE NATIONAL LABORATORY POST OFFICE BOX X

OAK RIDGE. TENNESSEE 1
OPERATED 8Y MARTIN MARIETTA ENERGY SYSTEMS, INC. e

May 8, 1984

Dr. Lee C. Washburm
Radiopharmaceutical Development
Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, T™N 37831

Dear Dr, Washburm:

I would be pleased to work with you on the development of radiolabeled
monoclonal antibodies for cancer therapy. The isotopes to which you referred,
253gg and 255Fm, are produced at ORNL along with other isotopes of heavy ele-
ments under the National Transplutonium Element Production Program administered
by the Office of Energy Research of the U.S. Department of Energy. These
nuclides become availlable one or two times a year when groups of targets irra-
diated in the High Flux Isotope Reactor are processed at the Transuranium
Processing Plant. The products of these operations are made available to
interested researchers in the United States upon approval of the Director of the
Division of Chemical Sciences, based on allocations recommended by the
Transplutonium Program Committee. 1 cannot commit these groups to supply
materials in the future, but it is their policy to make materials available to
qualified researchers if at all possible. As a result of your verbal request
made in October, 1982, you have been allocated tracer amounts of 253gg and 235Fp
from our next campaign, now scheduled for the fall of 1984,

The gquantities available in a typical campaign are 0.6 TBq of 253gg and 2.5
GBq of 255Fm., The einsteinium is ggg in excess of your needs., The fermium is

present as the daughter of 40-day Es and could be milked repeatedly from the
mixture of einsteinium isotopes. However, processing losses and decay during

purification, packaging and shipment would limit the amount of 255pn delivered
to your laboratory to the order of 0.4 GBq (~10 mCi).

We can furnish modest amounts of these isotopes for research and devel-
opment purposes without charge (except for Isotopes Distribution Office handling
charges). Should your requests increase to the point of consuming a significant
portion of our resources, we would have to reevaluate the supply and cost pic-

ture.
Yours very truly,
2} f[jéjclglr’
“J. E. Bigelow, Sc.D.
JEB:amsp
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(212) 794 7404
May 14, 1984

Lee C. Washburn, Ph.D.

Scientist

Oak Ridge Associated Universities
Radiopharmaceutical Development Group
Medical & Health Sciences Group

P. 0. Box 117

Oak Ridge, Tennessee 37831- 0117

Dear Dr. Washburn:

The purpose of this letter is to confirm our willingness
to collaborate with you and your associates, including Evelyn

"Watson and Jack Coffey, in your proposal related to antibody

therapy. The possibility of using fermium-255 attached to
antibodies looks very promising to me.

As you know I am the Principal Investigator for a
National Cancer Institute contract (NO1-CM-37565) titled,
"Dose calculations for cancer therapy using radicactively
labeled antibodies directed to tumor associated and/or
tumor specific antigens". Within the scope of this contract
we will be happy to assist you in preparing treatment plans
based upon the use of data to be made available by your
proposal. In addition we will be glad go give you the results of
our cellular level dose estimates for 223fFm and to make radiation
dose measurements where appropriate with our dose measuring
instrumentation.

If I can be of further assistance duriag this proposal
phase of this research, please don't hesitate to ask.

Rodney Bigler, Ph.D.

Biophysics Laboratory

Sloan-Kettering Institute for
Cancer Research
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A M Associated Post Office Box 117 Cxcr e
h‘“ Universities Oak Ridge, Tennessee 37831-0117 Oftrs 576-3300

May 18, 1984

Dr. William R. Bibb, Director
Energy Programs and Support Division
AMERD /Federal Building

Department of Energy

Oak Ridge, TN 37830

Subject: DRAFT PROPOSAL TO NIH FOR NEW PROJECT ENTITLED “RADIOLABELED
MONOCLONAL ANTIBODIES FOR CANCER THERAPY"

Dear Dr. Bibb:

Enclosed are three draft copies of a new proposal to NIH for a project
entitled "Radiolabeled Monoclonal Antibodies for Cancer Therapy". The
principal investigator for the proposed research is Dr. Lee C. Washburn.
Should the proposal be funded, the work would be carried out under policies
and procedures already established between ORAU and the DOE. A statement con-
cerning use of DOE facilities for such work is included on page 21 of the
proposal.

We would appreciate your review and approval of this proposal. Final
copies should be forwarded to NIH no later than June 26 in order to meet the
July 1 deadline. Should any questions arise during your review, please do
not hesitate to call Dr. Washburn at 6-3099.

Sincerely yours,

s //-’_:,;‘:7 f A\
/ﬁ/!?”.ﬁQwu4:
5~ William E. Felling
v Executive Director
RYAN:sm
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEA! SERVICE

GRANT APPLICATION

FOLLOW INSTRUCTIONS CAREFULLY

LEAVE BLANK
INUMBER

TYPE ACTIVITY

REVIEW GROUP FORMERLY

COUN RD Month, yesr] |DATE RECEIVED

""1. TITLE OF APPLICATION [Do not exceed 56 typewriter spaces)

RADIOLABELED MONOCLONAL ANTIBODIES FOR CANCER THERAPY

2. RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT KINO [ YES (1f “YES,” state RFA number

Yor uncement title)

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

3a.
WASHBURN, Ilee C.

NAME (Last, first, middie)

3b. SOCIAL SECURITY NUMBER

3ec.

POSITION TITLE
Scientist

3d. MAILING ADDRESS (Street. city, 7

Oak Ridge Associated Universities
P. 0. Box 117

3e.

DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT
Medical & Health Sciences Division, Pre-
clinical Radiopharmaceutical Development Gr

Oak Ridge, Tennessee 37830

gop

3f. MAJOR SUBDIVISION 3g. TELEPHONE (Ares code, number and extension)
ian (A18) _576-3099
4, HUMAN SUBJECTS §. RECOMBINANT DNA
3 Exemption #
gno  [Oyes {OR & nO O ves
) Form HHS 596 enclosed
6. DATES OF ENTIRE PROPOSED PROJECT PERIOD 7. DIRECT COSTS REQUESTED|8. DIRECT COSTS REQUESTED
FOR FIRST 12-MONTH BUD- FOR ENTIRE PROPOSED
GET PERIOD (from page 4 PROJECT PERIOD ffrom page 8
From: 4/01/85 Through: 3 / 31/88 s 84,140 s 272,055
9. PERFORMANCE SITES (Organizations and addresses) 10. INVENTIONS (Competing continuation application onlyl
’ Previously reported
Medical & Health Sciences Division @no  DOves °RN ol o
. . ot previously report
Ozk Ridge Associated Universities 11. APPLICANT ORGANIZATION (Name, address, and congressional
P. 0. Box 117 district)
Oak Ridge, Tennessee 37830
gy Oak Ridge Associated Universities
P. 0. Box 117
- Oak Ridge, Tennessee 37830
Third Congressional District
12. TYPE OF ORGANIZATION 13, ENTITY (DENTIFICATION NUMBER
O public. Specify [J Federal [ state O Locat 16204768164
LxPrivate Nonprofit 74, ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR
[ For Protit (General) BIOMEDICAL RESEARCH SUPPORT GRANT
3 For Profit (Smat! Business)
’ Code m Description
15. OFFICIAL IN BUSINESS OFFICE TO BE NOTIFIED IF AN AWARD 16. OFFICIAL SIGNING FOR APPLICANT ORGANIZATION
IS MADE (Name, title, address and telephone number.) {Namne, title, address and telephone number)
Mr. W. F. Countiss Dr. William E. Felling
Manager of Finance Executive Director
Oak Ridge Associated Universities Oak Ridge Associated Universities
P. 0. Box 117 P. 0. Box 117
Oak Ridge, TN 37830 (615) 576- 3304 Oak Ridge, TN 37830 (615) 576-3300
SIGNATURE OF PERSON NAMED IN 3a DATE
17. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSURANCE: . Pty
1 agree 10 accept responsibility for the scientific conduct of the project {in ink. “Per" signature not acceptable)
and 10 provide the required progress reports if a grant is awarded as 8 re-
sult of this application, Willful provision of false information is s criminal Q 1\5 J ! ?
offense (U.S. Code, Title 18, Section 1001), . a N
18. CERTIFICATION AND ACCEPTANCE: | certify that the sistements here- [\ S'GNATURE OF PERSON NAMED IN 16 DATE

in are true and complete to the best of my knowledge, and accept the ob-
ligation 10 comply with Public Health Service terms snd conditions if a
grant is awarded as the result of this application. A willfully false centifi-
cation is a criminal otfense (LS. Code, Title 18, Section 1001},

{In ink. “Per” signature not acceptable)
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REMOVE AND USE FOR DRAFT COPY
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PRINCIPAL INVESTIGATOR/PROGRAN DIRECTOR: __Lee C. Washburn

ABSTRACT OF RESEARCH P' N

KEY PROFESSIONAL PERSONNEL ENGAGED ON PROJECT

NAME

POSITION TITLE

DEPARTMENT AND ORGANIZATION

Lee C. Washburn

Karl F. Hubner

James E. Crook

Scientist

Assistant Chairman, and Chief
of Clinical Nuclear Medicine

Director, Radiopharmaceutical
Development and Preclinical

Medical & Health Sciences Div.
Oak Ridge Associated Universi-
ties.

Medical & Health Sciences Div.
Oak Ridge Associated Universi-
ties.

Medical & Health Sciences Div.
Oak Ridge Associated Universi-

Nuclear Medicine and Assistant ties.
Director, Clinical Nuclear
Medicine

Zenon S. Steplewski Associate Professor The Wistar Institute
Philadelphia, PA.

ABSTRACT OF RESEARCH PLAN: Siuse the application’s long-term objectives and specific aims, making reference 10 the health relatedness of the
project, and describe concisely the methodology for achieving these goals. Avoid summaries of past accomplishments and the use of the first person,

The absiracl is meant to serve as » succinct anc accurate description of the proposed work when separated from the application, DO NOT EXCEED
THE SPACE PROVIDED.

Monoclonal antibodies and monoclonal antibody fragments with high specificities for
human malignancies will be covalently coupled to DTPA via the cyclic DTPA anhydride
technique to provide a means for labeling such agents with polyvalent metal radionuclides
The potential of radioimmunotherapy using monoclonal antibodies labeled with the alpha-
emitting radionuclide Fm-255 (Tj3,2 = 20.1 h) and beta-emitting Y-90 (T,2 = 64.0 h) will
be studied preclinically. Antibédies derivatized via the bifunctional chelate technique
will be tested by a radioimmunoassay technique to verify their retention of immunological
activity. Following radiolabeling nude mice bearing the appropriate tumor type for each
monoclonal antibody will be used to test the specificity of tumor uptake. Antibodies
labeled with the gamma-emitting radionuclides In-111, Yb-169, and Y-88 will be used for
scintigraphic and tissue distribution studies to determine the time course of the tumor
uptake of radiolabeled antitumor monoclonal antibodies. A radiolabeled anti-influenza
monoclonal antibody will be used to control for nonspecific binding. The antibodies will
then be labeled with Fm-255, Es-253 (a longer-lived alpha emitter to be used as a model
for Fm-255), and Y-90, and further tissue distribution studies will be carried out. This
tissue distribution data will be used as the basis for radiation dosimetry calculations
using the anthropomorphic phantom being developed elsewhere. Tumor regression studies
will be carried out to aid in the assessment of the therapeutic potential of 255Fm- and
%0y_labeled monoclonal antibody derivatives. This multidisciplinary research program,
combining the fields of bio-organic chemistry, immunochemistry, and radiopharmacology,
could lead to improved methods for radioimmunotherapy of malignant processes in man.

VERTEBRATE ANIMALS INVOLVED [OnNO R YES 1t -y ES,” igenufy by common names and underline primates.

Nude mice bearing transplanted tumors.

PHS Z2E (Rev. 5/82) PAGE 2




REMOVE AND USE FOR DRAFT COPY

bENLLO

T
PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: €€ C. Washburn

TABLE OF CONTENTS

Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 5a, 5§b. Type the name of the
Principal Investigator/Program Director at the top of each printed page and each continuation page.

SECTION 1. PAGE NUMBERS
Face Page, Abstract, Table of Contents . . . . . . . . . i i it it it it sttt ettt ettt et ieeans 1-3
Detailed Budget for First 12 Month Budget Period . . . . . . . .. . .. . ittt ittt it 4
Budget for Entire Proposed Project Period . . . . . . . . . . i i it i i e e e e e e e e e 5-6
Budgets Pertaining to Consortium/Contractual Arrangements . . . . . . v v o vttt v v n e et ot n e -
Biographical Sketch-Principal Investigator/Program Director {Not to exceed two pages) . ... .. .. ... .... _7-8
Other Biographical Sketches (Not to exceed two pages for €ach) . . . . . . i i v i i it it it e et e e en _9-18
L0 8 (3T TN T T YT o a9
Resources and Environment . . . . . . . i i i ittt e e e e e e e e e e 20-21

SECTION 2. Research Plan
Introduction (Excess pages, revised applications; supplemental applications] . .. . .. . . .. e eewes —_—

A. Specific Aims (Notto exceed 0ne Page) . . . . . . v i i i i i it it et e e 22
B. Significance (Notto exceed three pages) . . . . . . . o i i i i it i et e it in et e e eennenns 22
C. Progress Report/Preliminary Studies {Not to exceed eight pages) . . . . . . o v i i ittt i ot e e 27
D. Experimental Design and Methods . . . . . . . i i it it it it it e e e e e e e 31
E. HUMan SUDJECTS . . ittt it et et et e e e e e e e e e e e e e 44
F. Vertebrate AnmMals . . . ..ot v vt sttt ettt e e e e e e e 44
G, CoNSURANTS & . o it i i e it e e e e e e et e e e et et 44
H. Consortium Arrangements . . . . . c v v v v v vt o vt st et et o s e nsesseesseeeaseneas 45
I Literature Cited . . . .. .. i i ittt i ittt et et e et e et e e 45
Lo Y] 22

SECTION 3. Appendix {Six sets) {No page numbering necessary for Appendix )
0

Number of publications: Number of manuscripts:_o__

Other items (list):

Letters from Drs. Z. Steplewski, R. L. Hayes, J. E. Bigelow, and R. Bigler.

Application Receipt Record, Form PHS 3830
{1 Form HHS 596 if Item 4, page 1, is checked ““YES' and no exemptions are designated.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: Lee C, Washbumrn

DETAILED BUDGET FOR ST 12 MONTH 2UDGET PERIOD oM THROVGH
DIREC I COSTS ONLY 4/01/85 B/31/86
DOLLAR AMOUNT REQUESTED fOmit cents)
PERSONNEL (Lpplicant organization only) TIME/EFFORT
Hoursper | SALARY FRINGE TOTALS
NAME POSITION TITLE % w": BENEFITS
Wishbufn‘ lee C. Ph.D, | Principal investigator 20 8 8.832 2,030 10,862
Hubner, Karl F. M.D. Co-Investigator 5 2 NC NC NC
Crook, . James E.,Ph.D., M.DlCo-Investigator 10 4 5,448 1,253 6,701
Coffev, Jack L. M.S. Physicist 10 4 3,820 880 4,700
Cabot, Myles C. Ph.D. |Biochemist 5 2 1,888 434 2,322
Sun, Tan Tan .S. Research Associate| 30 12 9,150 2,105 11,255
Cerlton, Jemes E. B.S. |Research Associatel 20 8 7,358 1.692 9,050
To_Be. Named Ph.D. [Post-doctoral 100 40 19,000 2,850 21,850
Research Associate
SUBTOTALS —-1 65,496 11,244 66,740

CONSULTANT COSTS Raymond L. Hayes, Ph.D. (retired Head of Preclinical Radiopharméceutical
Develcpment for ORAU's Medical and Health Sciences Division) four consulting visgits
per vear @ $200.00 each 800

EQUIPMENT (lremize)

Corning model MP-6A Mega-Pure Still (water purification system) with automatic
collection bottle and dimineralizer.

4,000
S'UPPLIES (/iemize by category)
Animals (200 nude mice @ $11.50 ea; animal care costs are included in indirect
costs.) $2,300
Chemicals 1,000
Glassware and Tissue Culture Supplies 2,000
Radioisotopes 3,000 8,300
TRAVEL { DOMESTIC Attendance at scientific meetings 2,0Q0
FOREIGN
PATIENT CARE COSTS INPATIENT
N OUTPATIENT
ALTERATIONS AND RENOVATIONS (ftemize by category)
CONSORTIUM/CONTRACTUAL COSTS
Zenon S. Steplewski, M.D., D.M.S., D.S., The Wistar Institute, Philadelphia,
will serve as a Co-Investigator at 57 effort. The only expense involved will
be for his travel for three trips to Oak Ridge per year @ $600.00 ea.
1,800
OTHER EXPENSES fltemize by category)
Publication costs 500
TOTAL DIRECT COSTS (A/so enter on page 1, item 7) —————— ———p—- §
/ page 1, 10717840 84,140

FrS 2E (Rev. 5/82) PAGE 4



PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: Lee C. Washburn

B' GET FOR ENTIRE PROPOSED PRC 'CT PERIOD
DIRECT COSTS ONLY

BUDGET CATEGORY n B‘;FOGDET ADDITIONAL YEARS SUPPORT REQUESTED
TOTALS PE
{from page 4) 2nd 3rd ah Sth
PERSONNEL (Salsry and
fringe benefits.)
[Apolicant organization only) | 66,740 76,385 81,730
CONSULTANT COSTS 800 800 800
EQUIPMENT
4,000 -0- -0~
SUPPLIES
8,300 8,600 9,000
DOMESTIC
2,000 2,200 2,400
TRAVEL 2,0 - 2
’ FOREIGN

PATIENT INPATIENT
CARE
COSTS  |OUTPATIENT

ALTERATIONS AND
RENOVATIONS

CONSORTIUM/
CONTRACTUAL COSTS 1,800 2,100 2,400

CTHER EXPENSES

500 700 800

TOTAL DIRECT COSTS

84,140 90,785 97,130

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (A/lsc enter on page 1, item 8) ———| $

272_055

JUSTIFICATION (Use continuation pages if necessary): Describe the specific functions of the personnel and consultants. 1f a recurring annual increase
in personnel costs is anticipated, give the percentage. For a// years, justify any costs for which the need may not be obvious, such as equipment, foreign
travel, slterations and renovations, and consontium/contractual costs, For any additional years of support requested, justify any significant increases in

any category over the first 12 month budget period. In addition, for COMPETING CONTINUATION epplications, justity any significant increases over
the current level of support.

Recurring annual increase in personnel costs of 7% anticipated. Increased effort of
physicist in years 2 and 3 included.

[ ]
Travel costs are for three investigators to each attend one domestic scientific meeting per
year, such as the Annual Congress for Hybridoma Research and national and regional meetings
of the Society of Nuclear Medicine..

The water purification system requested will provide the ultrapure water 'which is required
for the chromatographic separations to be done in this project.

Justification of Personnel:

1. Dr. Washburn, the Principal Investigator, is a radiopharmaceutical chemist who will
provide the overall guidance for this research.

2. Dr. Hubner, a Co-Investigator, is a physician with strong backgrounds in both
immunology and nuclear medicine. He will provide on-site leadership in these areas.

3. Dr. Crook, a Co-Investigator, is a clinical pharmacologist who will provide expertise
in the animal biodistribution work.

(continued on next page) l Cltruy|
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Justification of Personnel: (continued)

4.

10.

Dr. Steplewski of The Wistar Institute, a Co~Investigator, is one of the foremost
authorities in the area of monoclonal antibody research. 1In addition to providing
the monoclonal antibodies and tumor lines required for the project, Dr. Steplewski
will also work with ORAU investigators to set up at ORAU the radioimmunoassay pro-

cedure necessary to verify the retention of immunological activity of the anti-
bodies after derivatization.

Mr. Coffey, a physicist, will perform the radiation dosimetry calculations.

Dr. Cabot, a blochemist with a strong background in tissue culture techniques,
will maintain in tissue culture the tumor lines obtained from The Wistar Institute.

Mrs. Sun, a bioorganic chemist with expertise in radiopharmaceutical synthesis,
will carry out syntheses such as attachment of chelating groups to antibodies.

Mr. Carlton, a cliemist with many years' work in radiopharmaceutical development, is
experienced in chromatographic separations of proteins, radiolabeling techniques,
and tissue distribution studies.,

We will attempt to £ill the opening for a post-doctoral research associate with an
immunochemist or protein chemist who can provide expertise in the techniques for
radiolabeling antibodies on a micro scale.

Dr. Hayes, the retired Head of ORAU's Radiopharmaceutical Development program, has
over 30 years experience in this area. He has expertise in tumor-localizing radio-
pharmaceuticals, physical characteristics of radionuclides, and radiolabeling
techniques. He will be a consultant in these areas (four visits per year).

1017442
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BIOGRAPHICAL SKETCH

Give the following .crmeztion 107 kev Drofecsicrzl Derspnne! Iig on Cage 2. DECInNING With tne
Principei Investigztor /Program Direcior. Photocoby tmis Dege ior each Derson.

NAME |TITLE

i EIRTHDAYE Mo, Day. Y1/

Lee Cross Washburn |Scientist (Chemist) {___
EDUCAT n i ‘

CATION (Bepin with baccalsureate or other sn1lia! professional ecucation anc incluoe postdoctors! training)

‘ | DEGREE Ea
- - N ! DEG circie | YEA l L - -
INSTITUTION AND LOCATIO mipnes: degree) ! CONFERRED FIELD C& STUDY
{

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronoiogical oroer previous emMpioyment, exoer:.
ence, and honors. Inciute Dresent membershio on any Feders! Government Fublic Aovisory Commities. List, in chronpiogicat oroer, tne tities ang

tOMDielt Teferences 10 3l DUDICINIONS Guring The Dast Three vears anC 10 redresentative earlier PUDIICIIONS DEMinent 10 this apphicavion. DO NCT
EXCEED TWO PAGES.

1972 Research Associzte, Chemistry Department, V;nderollt University,
: Rashville, TN
1972 - 1973 Presidentizl Interm, Mediczl znd Hezlth Sciences Division, Oak Ridge

Associated Universities, Oak Ridge, TN
1873 - present Scientist (Chemist), Medical znd Health Sciences Division, Oak Ridge
. Associateé Universities, Ozk Ridge, TN

Honors: Aipha Chi; Shell 0il Foundation Predoctorazl Fellowship (1871-1672)

Publications:

Weshburmn, L.C., Blair, L. D., Bvrd, B. L.. gnd Sun, T.T. Comparison of Ga-6§ EDIA,
1-°'C7a—a_.n01sobutyr1c acid, and [**®Tc¢Jsodium pertechnetate in an experimental
plood-brzin barrier lesion. J. Nucl. Med. (submitted)

snburn 1.¢., Sun, T.T., Byrd, B.L., ané Czllanan, A.P. Resolution of [11C3Dl-1eucine
ané © 1CJDL-sryp..ophan by high-performance liguié chromatography. Eur. J. Nucl. Med.
(subxmitted)

Blank, M.L., Byrd, B.L., Cress, E.A., Washdburn, L.C., and Snvder, ¥. Liposomal
preparations of calcium- or zinc-DTPA have & high efficacy for removing colloidal
veterbium-169 from rat tissues. Toxicology (in press)

liztlefield, L.G., Joiner, t.Z., Colver, S.P., DuFrain, R.J., and Washburm, l.C.
Eveluetions of cellular preliferation ahd chromosome breakages after in vitro exposure
of huzan lymphocytes to calciuz or zinec DTPA. Radiat. Res. (in press)

veshburn, L.C., Sun, T.T., Bvré, B.L., ané Kabzlka, G.W. Effect of structural zltera-

tions on the uptake and clezrance of primary zliphztic amines in rat lung. J. Labelied
Ce=pds. 19(Nos. 11-12):1282-1283, 1982.

Washburn, L.C., Sun, T.T., Bvrd, B.L., Refter, J.J., Haves, R.L., Frey, K.A., and
kgrznoff, B.W. 11c-ACBC, 2 potentizl agert for positron tomogrzphic measurement of
trzin amino 2cid transport. In Nuclear Mecicine and Biology, Vol. I, E. Raynaud, ed.,
Pergamon Press, Paris, France, 1982, pp. 642-645.

pzlke, G.W., Gooch, E.E., Esu, H.C., Weshburm, L.C., Sumn, T.T., and Rayes, R.L.
Rap:d andéd =ild syntheses of radiciodinazted estrogen derivatives viz organoborane
technology. In Applications of Nucleer ané Rzéiochenmistry, Chapter 17, R.M. Lambrecht

ané . Morces, eds., Pergzmon Press, New York, 1982, pp. 197-203.

"
t
m

]
"
"
n
v
"
()]
(K]

Fags



R S

-~

IN\U [ B Y VTl T N e

(WA

hhtLLOI

PR NCIPAL INVEST (GATOR/PROGCRAM TIRECTOR OF avear s Dal

T lLasi, sl mucgie. CSCCIAL SESUP:TY WUNEEFR

Washburn, Lee Cross

uhiicerions: (Lee C. Washburn)

Bubner, K.F., King, P., Gibbs, W.D., Partein, C.L., Washbura, L.C., Haves, R.L. and
Holloway, E. Clinical investigations with ‘‘C-lzbeled amino acids using positron emission
computerized tomography in patients with neoplastic diseases. In '"Medical Radionuclice
Imaging 1980", Vol II, IAEA, Viemna, 1981, pp. 515-529.

Bibner, K.¥., King, P., Gibbs, W.D., Weshburm, L.C., and Eayes, R.L. Positron emissies
‘computerized tomography: A potential tool for in vivo quantitation of the distribution
‘of radiopharmaceuticals. In Third Internationzl Radiopharmaceutical Dosimetry Svmposium,

E. E. Vatson, A. T. Schlafke—SLelson, J. L Collex, anéd R. J. Cloutier, eds., Bureau ¢f
Radiological Health, Rockville, MD, 1981, 77-86.

Hibner, K.F., Krauss, S., Washburnm, L.C., Gibbs, W.D., and Holloway, E.C. Tumor detection
with l-aminocyclopentane and l-aminocyclobutane il carboxylic acid using positron
erxission computerized tomography, Clin. Nuecl. Med. 6:249-252, 1981.

Casey, D.L., Digenis, G.A., Wesner, D.A., Jashburn, L.C., Chaney, J.E., Bayes, R.L., .znd
Callzhan, A.P. Preparation and preliminary tissue studies of optically active C-11-D-
and lL-phenylalanine. Int. J. Appl. Radiat. Isot. 32:325-330, 1981.

Rabalke, G. W., Gooch, E.E., Sun, T.T., a2nd Washburn, L.C. A rzpid and mild method for
labeling functionally substituted molecules with iodine radionuclides. J. Llabelled
Cozpé. Radicpharm. 18:117-118, 1981.

Washburn, L.C., Ringenberg, R E., Sun, T.T., 2nd Heayes, R.L. llc-Labeled l-amino-
cvclohexznecarboxylic acid ¢ C-ACHC), 2 potentizl agent for studies of amino acid
ransport in the brain. J. labelled Compd. Radiopharm. 18 (Nos. 1-2):13-14, 1981.

Blank, M.L., Cress, E.A., Byrd, B.L., Washburn L.C., and Snyder, F. Liposomal encap-
sulzted Zn-DIPA for removing intracellular 16%yy,  Bealth Physics 39:913-920, 1980.

Bilbner, K.F., Andrews, G.A., Buonocore, E., Baves, R.L., Washburn, L.C., Collmann, I.R.,
ané Gibdbs, W.D., Carbon-ll-labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. KNucl. Med. 20:507-513, 1979.

Washburn, L.¢c., Sun, T.T., Byrd, B.L., Baves, R.L., and Butler, T.A. l-Aminocyvclobu~
tanel!3C]car boxyllc aczd, a potential agent for tumor localization. J. Nucl. Med.
20:1055-1061, 1979.

Nasnburn, L.C., Sun, T.T., Bvrd, B.l., Hayes, R.L., and Butler, T.A. DL-[Caruoxyl-
'C‘tt}ptopnan, a potential agent for pancreztic imaging: production and preclinical
investigarions. J. Nucl. Med. 20:857-864, 197¢.

Washburmn, L.C., Sﬁn, T.T., Byrd, B.L., Haves, R.L., Butler, T.A., and Callaban, A.P.
Bigh-level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals
I1, Soc. Nucl. Med., New York, 1879, pp. 767-777.

Washburn, L.C., Sun, T.T., Anon, J.B., a2nd Bayves, R.L. Effect of structure on tumor
specificity of alicyclic c-amino acids. Cancer Res. 38:2271-2273, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T. Hzyves, R.L., 2nd Butler, T.A. [1-}!cIpL-
Vzline, & potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Hayes, R.L., Weshburn, L.C., Wieland, B.W., Sua, T.T., Anon, J.B., Butler, T.A., and
Czllzhan, A.P. Synthesis and purificztion of ‘‘C-carboxyl-labeled amino acids. Int.J. A7
Racdiat. Isotopes 29:186-187, 1978.
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BIOGRAPHICAL SKETCH

Give the foliowin, .formeaiion for key professiona! personnel lis  on page 2, beginning with ne
Principal Investiga1or/Program Director. Pnolotopy this page for each person.,

NAME TITLE BIRTHDATE Imc., Day, Yr.}
Principzl Investigator
Jemes Edwerd Crook Clinicel Pharmacologist

EDUCATION (Beoin with beccaiaureste or orner initia! protessions! eoucatior. anc incivoe postdoctrora! training)

DEGEREE fcircie YEAR
highes) pepree) CONFERRED

INSTITUTION AND LOCATION

FIELD OF STUDY

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronoiogic f Pprevious empioyment, experi-
ence, ang honors, incluge present membership on any Feoera! Government Public Advisory Commutiee, List, in chronolopicsl order, the tities sng

complete references 10 all publiications uring the past three yeers anc 10 representative earlier publicztions peninent 10 this application. DO NOT
EXCEED TwWO PAGES.

1964 - 1966 Laboratory Scientist (clinical chemistry and coagﬁlation
University of Maryland Shock-Trauma Research Center,
Baltimore, M

1967

1974 Physical Science Technician, United States Public
Hea2lth Service Hospital, Baltimore, MD

1978

1980 Assistant Director of Clinical Pharmacology,
USV laborztories, Tuckahoe, NY

1983 ) Assistant Professor of Medicine, Assistant Professor
of Pharmacology and Toxicology, Medical College of
Wisconsin, Milwaukee, WI

1980

1980 1983 Staff Pnysician, VA Mediczl Center, Wood (Milwaukee), W2

1983

present Director of Raciopharmaceutical Development and
Precliniczl Nuclear Medicine, Assistant Director of
Clinical Nuclear Medicine, Mediczl andé Hezlth Sciences
Division, Ozk Ridge Associateé Uaiversities,
Oak Ridge, TN

Honors: University of Maryland Graduate School Fellowship

Publications:

Crook, J.E. and Mroczkowski, P.J. Red Cell Na-K Cotransport: Dose-Response Effects of
Furosenide Inhibition in Black and Wnite Rypertensives. In Proceedings The First Inter-
national Conference on Diuretics, Elsevier Science Publishing Co., N.Y. 1984 (in press)

Crook, J.E. and Mroczkowski, P.J. Dose Response Iffects of Furosemide Inhibition on
Erythrocyte Sodium-Potassium Co-Transport in White and Black Normotensives and Byper-
tensives. Clin. Res. 32:204A, 1984

Crook, J.E. and Mroczkowski, P.J. Increaseé Rec¢ Cell Na-K ATPzse Activity Following

Ixposure to & New Calcium Entry Blocker - Nitreadipine. Presented, Internstionzl Symposiuc
on Czlcium Entry Blockers ané Tissue Prorectioa, Rome, Italy, 1984
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Crook, J.E. anc¢ Mroczkowski, P.J. Red Cell Xe-K Co-TIransport: Dcse-Respense Effecte
o Turosemide Inhibition in Blazck and VWnite Hypertensives. Presented, First Inter-
netionzl Conference on Diuretics, Miazi, Floridas, 1984. ‘

Crook, J.E., Mroczkowski, P.J. and Gill, J. Decreased Furosexide Sensitive Sodium-
Potessium Co-Transport in Sickle Trait Red Cells from Rypertensive Subjects. Clin. -
.-Res. 31:730, 1983. _—

k4

} crook, J.E., Feix, J. and Mroczkowski, P.J. Red Cell Menmbrane Fluidity in Essential

},Hypertension. Clin. Res.  31:730A, 1983. + 0

nCrook, J.E. and Mroczkowski, P.J. Ervthrocyte Co—Trahsport in Whiée and Black Hypen:
tensive Subjects. Clin. Res. 30:733A, 1982.

Crook, J.E. znd Robertson, D. and Wharton, R. Prostaglandin Suppression: 1Inability o
Correct Severe Idiopathic Orthostatic Eypotensien. South. Med.- J. 74:318-320, 1981.

Shevitz, S.A., Jamieson, R.C., Petrie, W.M. and Crook, J.E. Compulsive Wazter Drinking
Trezted with High Dose Propranolel. J. Nerv. Ment. Dis. 168:246, 1980.

Davis, B.A., Crook, J.E., Vestzl, R.E. and Oateg, J.A. The Prevalence of Renovaécula:
Hypertension in Patients with Grade III and IV Bypertensive Retinopathy. N. Engl. J.
Med. 303:1273, 1979.

Crook, J.E., VWoosley, R.1L., Leftwich, R.E. and Natelson, E.A. Agranulocytosis During
Combined Antiarrhythmic Therapy with Proczinamide and Phenytoin. South. Med. J. 72:
15¢¢, 197¢. : :

Crook, J.E. Idiopathir Pulmonary Ossificztion. J. Tenn. Med. Assoc. 72:668, September,.
1979,
Crook, J.E. 2né Nies, A.S. Drug Interactions with Antihypertensive Drugs. Drugs 15:
72, 1978. Reprinted.in New Ethiczls and Mediczl Progress, February, 1978. Selected
for a2bstraction in the Digests, 1978.
Dzvis, B.A., Crook, J.E., Vestzl, R.E. and Oztes, J.A. Occurrenée of Renovascular
Brpertension in Patients with Malignant Bypertension and Accelerated Hypertension.
Presented before the American Heart Association. 51st Annual Scientific Session,
November, 1¢78. ‘
Crook, J.E. zné Dietz, A.J., Jr. Neurochemicazl Changes in Response to a Structurally
Relzted Stimulant and Depressant II. Feé. Proec. 30:495, 1971. Presented at FASEB,
55th Annual Meeting.
Crook, J.E. and Dietz, A.J., Jr. Neurochemical Changes in Response to a Structurally
Relzted Stipulant and Depressant. TFed. Proc. 29:485, 1970. Presented at FASEBR,
S5t¢n Annuzl Meeting.

;; Crook, J.E. 2nd MclLaughlin, J.S. Methyl Alcohol Poisoning. J. Occup. Med. 12:467, 1966.
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T 0f kev Dretession:. DETSCTNEl i 0N DEQe 2. DES.NRING with The

Give tne foliowing  formezuc
Principal Invesiiczior Progra™ Direcior FreiocsOy this Dege fOr 2Ch Derson.

NAME {TTLE zecistent Cheirmen, 'mﬁ'“c'T"V° Cov. V1

3
Mecdical ¢ 21t
- Mecicel ¢ KHealth Sciences ’\..
lerl F. Eibner, M.D. piscices ¢ neat ciences D2

IChief of Cliniczl Nuclear Medl
EDUCATION Begin witr Daccaiavureste 0r OINEr 18114 Brofessi0ria: e0UCITIOr $nC INCIVOE DOSICOCIONS! training)

DEZCREE (circie
hignest cepreel

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluging with present position, List in Chronoiogicai oroer previous emMpDiOyMent, exoeri-
ence, anc honors, Inciude Sresent membership on 2ny Fecerzi Government Public Aovisory Committee, List, = chronoiogical orger, the ties ang
comprete references 0 all publica1IONS OUTing the Sast Three veirs 3NC 1C redresentative eariier PUDIICATIONS Perinens 10 this appucetion. DO NOT
EXCEED TWO PAGES.
1960 - 1961 Internship (rotating) at 2nd Generzl Bospitzl of the U.S. Army and at the
: 86th Tactical Hospital of the U.S. Air Force, Germany
1962 -~ 1964 Resident in Cliniczl Investigation, Medical Division, Oak Ridge Institute of
Nuclear Studies (now Oak Ridge Associzted Universities), Oak Ridge, TN
1964 - 1967  Resident in Pediatrics, University of Tibingen, Mediczl School, Germany
1967 - 1970 Research Associzte in Experimentazl Irmunology, Mediczl Division, Oak Ridge
Associated Universities, Ozk Ridge, TN '
1971 - 10/73 Senior Staff Mexber with Clinical Stzff, Medical Division, Ozk Ridge
Associated Universities, Oak Ridge, TN
74 Senior Research Scientist, Medical and KHealth Sciences Division, Oak Ridge
Associated Universities, Ozk Ridge, TN
1975-present Director, Outpatient Nuclear Meéicine, Medical znd Hezlth Sciences Division,
Ozk Ridge Associzted Universities, Oak Ridge, TN
1977 - 6/82 Director, Radiztion Emergency Assistznce Center/Trzining Site, Oak Ridge
Associated Universities, Oak Ridge. TN
1982-present Assistant Chairman, Medicezl & Hezlth Sciences Division, Oazk Ridge Associazted
Universities, Osk Ridge, TN

YEZAF

|NST!TUT'ON AND LOCATION CONFERRED FIELD OF STUDY

|
s
|
|

1675 -

r—
0

Konors: 1954-"Scheffel Preis" for H listory and German (High School); 1859-M.D. Degree,
Summe cum laude, Beidelberg Unlve*51*V' 1076-American Men and Women in
Sciences; listed in Guide to Enmergy Specizlists, Intl. Environment Informatic:

Publiicetions:

Edbner, K.7. andé Lushbaugh, C.C. Radiztion inju
eds, . E. Moore, B. Eiseman, &n¢ C. W. Van Wav
1084, pp. 4£52-457.

es. In Criticel Decisions iz Traume,
I, St. Louis, The C. V. Mosby Co.,

Lushdauvgh, C.C., Hibner, K.¥., Ricks, R.C., Szenger, I.L., and Wzld, N. Panel discuscion:
Session IV Cere of the radistion-exposed zné iInjured. 3Bull. N.Y. Acad. Med. 59:1141-1146,
1083,

I s e

Hitner, K.¥. Radiaztion injury. In Pharmacclegic Approach to the Critically 111 Petient,
(E. Cnernow and C. R. Lake, eds.) Willizms andé Wilkins, Bzltimore, 1983, pp. 707-714.

Elbner, K.F., Fry, S.A., and lusnbaugh, C.C. Ziologicel effects of radiztion in man.

In Funk & Wagnalls New Encyclopecia, eé. R. S. Prnillips, New York: Funk & Wagnalls, 198Z,
pp. £%-70.
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Tutlieczriens: (Kzrl F. Hibner, M.D.)

Zzves, R.lL. and Hubner, K.F. ©Basis for the clinicezl use of gzllium and indive radionu-
clides. In Metel Ions and Biological Systems, (¥. Sigel, ed.), New York, Marcel Dekker,
Inc., 16:27%-315, 1983.

terger, M.E. ané Hibner, K.F. Ixcessive exposure to radiation in the hezlth environment:
cizgnestic testing. Am. J. Nursing 83:1155-1159, 1983.

Hibner, K.FT. 2nd Buonocore, E. Positror emission tomography (P.E.T.). In Alimentary Tract
Radiclogy, 3rc¢ Edition, Harshberger, S. E., ed., The C. V. Mosby Company, St. Louis, MO,
1983, pp. 2486-2494. '

fry, S.A., Lushbaugh, C.C., and Hibner, K.F. An overview of radiation accidents and in-
juries. 1Int. J. Nucl. Med. and Biol. 9:152-153, 1982.

Du¥rein, R.J., Batsom, J.S., Joiner, E.E., Colyer, S.P., Littlefield, 1.G., and Hubner, K.}
Crtogenetic assessment of radiation sensitivity in lymphocytes from individuals with
Euntington's chorea. Radiat. Res. 91:301-303, 1982.

Partein, C.L., Hubner, K.F., Price, R.R., Pattoa, J.A., Ericksom, J.J., Pickens, D.R.,
Beyves, R.L., &nd James, A.E., Jr. TFunctionzl mzpping of the brazin: Positron emission
todography and nuclear magnetic resonance imaging. In Functiomal Mapping ¢f Organ Systems.
11th Annuzl Sy=posium on the Sharing of Cozputer Programs and Technology in Nuclear Medi=-
cine, P.D. Esser, ed., New York, Society of Nuclear Medicine, 1981, pp. 13-10.

hbaugh, C.C., Hubner, K.F., and Fry, S.A. The impact of estimates of humzn radiation
erznce upon racdiation emergency management. In The Control of Exposure of the Public
o lonizing Raciation in the Event of Accident or Attack; Proceedings of a Symposium

en, Virginiaz, 1981. Nationzl Council on Radiztion Protection, Bethesda, MD, 1982,
L6-57.
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ubrer, K.F., Purvis, J.T., Mahzlev, S.M., Jr., Robertson, J.T., Rogers, S., Partain, C.l.
itbs, W.D., and King, P. Brain tumor imaging by positron emission computerized tomog-
v (ECT) using C-11 labeled amino acids. J. Comput. Asst. Tomogr. 6:544-550, 1982,

[y

2
)
Y
l'..

tzin, C.L., Price, R.R., James, A.E., Jr., Kubnmer, K.F., Mzhalev, M.S., Scatliff, J.B.,
Robertson, J.T. Positror emission tomography: brain tumor imaging using carbon-11
zzino acids. 1n Mediczl Reacionuclide Imeging 1980, Proceedings of an Internatiomal
Sv=pesiuz, “e-oe1berg, Germeany, International Atomic Energy Agency, Vienms 1:397-398, 1981.

m 'y
m

.
0, 14

udbner, K.¥., Rrauss, S., Washburn, L.C., Gibds, W.D., and Hollowayv, E.C. Tumor detectiorn
with l-zzinocvclopentane and l-aminocyclobutane{11C]:arboxylic acid using positron emis-
icn computerized tomography. Clin. Nucl. Med. 6:249-252, 1981.

r, K.¥r., King. P., Gibbs, W.D., Washbura, L.C., and Hayes, R.L. Positron emission
terizec tcmography: & potential tool for in vivo guantitztion of the distribution of
pher=zceuticals. In Proceedings of the Trniré Intermztionzl Radiopharmaceutical

etry Sy—posium, Oak | Rlage, Tennessee, 1980, E.E. Warson, A. T. Schlafke-Stelson,

. Cofifev, 2nd R. J. Cloutier, eds., Rockville, Md. BES® Publication FDA 81-8166, U. S.
2u of Rzdiologicel Realth, Food ancé Drug Adézinistretion, 1981, pp. 77-87.
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., King, P., Gibbs, W.D., F
. Cliniczl investigations wi
=puterized tomogrephy in patier
Izzging 1980, Vel 11, 1A

rrei €.L., Washburn, 1.C., Haves, R.L., and
lzbeled z=ino acids using positren
ts with neoplastic diseases. In Medical

, Vienne, 1981, pp. 515-529.
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Lee L. wdshiburn
Cive tne following informaztien for ke prefersion:! Derscnne! histec or Sapt 2, Deginning with the

Frincizel in igzic Fropram Direcier. Proiozedy thit - ¢ 1or each person,
CANE : TITLE EIRTHDATE IMe., Doy, ¥1.)
Mvies C. Czbot Scientist (3iochexzist) ‘-
IDUCATION (Bepin with LaZcalavreate Or oThet intzisl professionsl ecucelior ang incivoe pestooctorsl rumin_c}
DECREE lzircte YEAR -
CTITUT d J y — Fi1t F
INSTITUTION AND LOCATION Pechen cepreel CONFERREID LD OF STUDY

L=

RESZARCK AND/OR PROFESSIONAL EXPERIENCE: Concluging with Sresen posiion, lm N CNTONDIDPICs! DTOET Drevioul emDIDyment, exoers
enct, anC honors, Incluce present membership or any Feoersl Government Fublic Acvisory Comminee. List, in thronplopical orger, the titles ang
comblere teierences 1o 21l public2iions during The Dest Three yeern ang 1c redrmeniziive earlier publicaiions peninent 10 this adplication, DO NOT
EXCEED TWOD PAGES,

1081 - 1984 . Senior Stzff Scientist, Ye €iczl znd EBezlth Sciences
Division, Ozk Ridge issocizted Toiversities,
Ozk Ridge, IN

16586 - 1¢E1 Scientist I, Vediczl zné Bezlth Sciences Divisien,

Ozk Ricdge tssocizteé Universities, .0zk Ridge, TN
Riochezist, 4pril 1679)

107€ - 1C7g *  Damoz Runyea-Wzlter Winchell Pestdoc. Tellow in Cancer
Resezrch, Mediczl zné Fezltbh Sciences Tivision, Ozk
Ridge “ssocizteé Universities, 02k Ridge, TN

1€75 - 1¢76 Instructor; 1874-1976: Assistentship; 1972-1974,
‘Fellowship--The Retrew University Jerusalex, Isreal.

1¢70 - 1972 Graduzte Assistzntship; 1968-1672, lzborztory Assistant

.. Western Cerelinz Taiversity, Cullovhee, XC
Bonors: Member Axericen ciety of Biological Chem*sts, igme 7

So
Xesezrch Araré (1972 Masters Thesis); Distinguished
estera Carolinz Taiversirty.

Cedoz, M.C., Tevlkner, L.A4., lzckey, R.J., 20l Snyvcder, T. Vertetrzte class distributicen

cf l-zlkyli-Z-zcetyl-sn-glvcerc-3-phosphocholine ezcerrinycrolase in serum. Conmp. Biochem.
Frniveiei. 3. (in press

Lzckey, R.J. zndé Cebor, M.C. Acetzte uvtilizetion ané fatty e2cidé metezbolism in phorbol este
zné cimethvl sulioxnide-~éiiferentizted humen levkeziez cells. Cancer lett. 20:291-297 l1983.

Snvéer, T., Lee, TI-c¢, Blank, M.l., Czvot, M.C., Mzlcme, B. andéd Albert, D.B. Enzvmatic
pethvave for pleztelet activaeting facter (Proceecings of the lst Internationzl Symposita
cn Pizteler-Activeting Facter, 19E3, Paris, ITlsevier Ziomediczl Press, Ansterdan), INSIRM
Imez. Net. Szmte Reeh. Med.) Symp. (i press)
zbcs. M.C. Iffect of cellulezr phosphelizié podificetion on phorbol ciester binding.
Cznces Res. {3:4233-423B, 1°E:2




J=liczzions: (Myles C. Cat )

Snenley, R.L., znd Esie, &.W
Tic cells. In: Projpective Ageats
(N r.C.R. Czncer tssociztion Syzposi:
ic Press, New York, 1983.

3
ce 1o 1ipié peroxidation by cultured necples
(Mc3rien, D.B.C. znd Slzter, T.F., eds.)

ca, R.Y., Wancéer, J.D., Cebor, M.C., Ten, ZI.L.

- 1

0 N .

1087, Uxbridge, Englend, pp. 101-124, Acadex

(8] N

sckey, K.J. an€ Cabct, M.C. Seru= lipese &ctive i the hrérolrsis of the tumor Promoter,
2-0-tetradecznoylpherbol-13-acetzte. Cancer 1Let:. 19:165-172, 1983.

~

zzbot, M.C., Blznk, M.l., Welsh, C.J., Foran, M.3., Cress, T.A., 20é Snyder, T. Mezaboiism

2 i-zikyl-2-zcetyl-sn-glycerc-3-phosphocnoline bv cell culrures. life Sci. 31:28€1-28¢E,
.882.

szbet, M.C., Welsh, C.J., ané Soyder, F. Increasing the levels of ether-linked lipids iIn I-

-5115 »y giycervi ether supplementztion depresses growth znd choline utilizztion.

iochiz. Biocphys. Acte 713:16-22, 1982.
welsh, C.J., Szver, A.M., litrlefield, 1.G., znd Cebot, X.C. Modificastion .of lipid acyl
groups by serus deprivztion does not zffect phorbol ester-induced differentiation of
~u=zd leukeniz cells. Cancer lett. 65:145-154, 1982,

Cedoz, M.C. zaé Welsh, C.J. Tatry acié petzbolisz in phorbol ester-differemtizting hu=za
ievke=iz cells. Czncer Res. &41:4910-4°15, 1981,

£zboz, ¥.C. 2né Welsh, C.J. Ether lipid studies in mouse C38/10T2/2 cells zné 2 3-mettyl-
chelz=threne-transiormed clone. Arch. Biochem. Eiophys. 211:240-244, 1981.

Cedot, M.C. ;ﬁé lLDB R.E. The activity of &z lov temperzture lipase in the larvae of
Screcorooa ltleze (D;PLe*a Szrcopnagidae) Comp. Eiochim. Physiocl. 68B:325-328, 1981.

. ¢ Goucher, C.R. Chauvlmoogric zecié: 4Assimilztion into the complex lipics
teriz. lipids. 16.146-168 1981.

Czbor, M.C., VWelsh, C.J., Czllzhazm, M.¥., andé Euberzan
inéduced by 12~ C-tetradecanoylphO'bol -l3-acezz ;
cells. Czncer Res. 40:3674-3672, 1980.

T. Alterations in lipié metabolisc
rentizting human myeloid leukeziz

T. Mznipulztion of zlkyliglycerolipié levels in cultured cells:
¥ T *iochiz. Biophys. Acta 617:410-41E, 1980.

Cabcz, M.C. ané Gztt, S. The hvérvolysis of trizcylglycerol and ciacyvlglvcerol by rat
tezin —icroscmet lipase with zn zcidic pE eprimus. Riochizm. Bilophys. Acta 530:508-512, 19°
Cz>cz, M.C. za¢ Snvéer, T. The menipuletien of fatty zcid composition in 1-M cell meamolay:
sus-lemented with chzulmoogric zcié. Arch. Biochez. Biophys 190:838-846, 1978.
Czbez, M.C. enc¢ Getz, S. zt brzin micreosomel lipzse zctivity., Adv. Exp. Med. Biol. 101:
i0z-131, 1¢78.
Cesecz, M.C. zné Gezt, S. Eycrolysis of endogenous ¢izeylglycerol ané monoacylglycerel by
iipzses inm rat trein microsomes. Biochem. 16:2330-2334, 1877,
Cz>ot, M.C. ané Gztz, S. Evérelysis of nevtrel givcerides by lipases of rat brain wicrose:
Tiechi=. Riophys. Aczz 431:105-115, 1976.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: __Lee C, Washburn

BIOGRAPHICAL SKETC!

Give the following information for key professional personnel listed on page 2, beginning with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHDATE (Mo., Day, Yr.)

Zenon S. Steplewski, M.D., D.M.S., D.S.| Associate Professor

EDUCATION (Begin with baccelaureate or other initial professions! education and include postdoctoral training)

DEGREE fcircle YEAR
INSTITUTION AND LOCATION highest degree) CONFERRED FIELD OF STUDY

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi-
ence, and honors, Include present membership on any Federal Government Public Advisory Committee, List, in chronological order, the titles and
complete references 1o all publications during the past three years and 10 representative earlier publications pertinent 10 this application. DO NOT

'EXCEED TWO PAGES,

1953 - 1963 Research Assistant and Senior Assistant, Dept. of Histology and
Embryology, Silesian Medical School, Zabrze, Poland.

1963 - 1966 Adjunct, Dept. of Tumor Biology, Institute of Oncology, Gliwice, Poland.

1966 - 1968 Visiting Scientist, The Wistar Institute, Philadelphia, PA.

1969 - 1973 Head, Tumor Virus Laboratory, Dept. of Tumor Biology, Institute of

Oncology, Gliwice.

1973 - 1977 Associate Scientist, The Wistar Institute, Philadelphia.

1977 - present Associate Professor, The Wistar Institute, Phliadelphia.

HONORS : _

1970 - 1973 Several awards from the Polish Ministry of Health and Polish Scientific
Societies.

1970 - 1973 Committee of Cell Biology and Tumor Biology, Polish Academy of Sciences

1980 Editor, Hybridoma; Editor, Monoclonal Antibody News.

PUBLICATIONS: (selected)

Adams, D.O., Hall, T., Steplewski, Z., and Koprowski, H. Tumors undergoing rejection
induced by monoclonal antibodies of the IgG2a isotype contain increased numbers of

macrophages activated for a distinctive form of antibody-dependent cytolysis. Proc.
Natl. Acad. Sci, USA, (In Press).

Powe, J., Pak, K.Y., Paik, C.H., Steplewski, Z., Ebbert, M.A., Herlyn, D., Ermst, C.,
Alavi, A., Eckelman, W.C., Reba, R.C., and Koprowski, H. Labeling Monoclonal Antibodies
and F(ab'), Fragments with (lllln) Indium Using Cyclic DTPA Anhydride and Their In Vivo

Behavior in Mice Bearing Human Tumor Xenografts. Cancer Drug Delivery, Vol. 1, No. 2,
1984,

Blaszczyk,.M.,.Pak, K.Y., Herlyn, M., Lindgren, J., Pessano, S., Steplewski, Z., and
Koprowski, H. Characterization of Gastrointestinal Tumor-associated Carcinoembryonic

Antigen-related Antigens Defined by Monoclonal Antibodies. Cancer Research, 44, 245-253,
January 1984,

Pak, K.Y., Randerson, D.H., Blaszczyk, M., Sears, H.F., Steplewski, Z. and Koprowski, H.
Extraction of Circulating Gastrointestinal Cancer Antigen Using Solid-Phase Immunoadsorptior

System of Monoclonal Antibody-Coupled Membrane. Journal of Immunological Methods, 66
(1984) 51-58.

Pak, K.Y., Blaszczyk, M., Herlyn, M.,Steplewski, Z. and Koprowski, H. Identification and
Isolation of Lewis Blood Group Antigens from Human Saliva Using Monoclonal Antibodies.
Hybridoma, Vol. 3, No. 1, 1984.
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Mach, J.,Chatal, J., Lumbroso, J., Buchegger, F., Forni, M., Ritschard,«J., Berche, C.,
Douillard, J., Carrel, S., Herlyn, M., Steplewski, Z., and Koprowski, H. Tumor Localizationm

in Patients by Radiolabeled Monoclonal Antibodies against Colon Carcinoma. Cancer Research
43, 5593-5600, November, 1983.

Moldofsky, P.J., Powe, J., Mulhern, C.B., Jr., Hammond, N., Sears, H.F,,..Gatenby, R.A.,
Steplewski, Z., Koprowski, H. Metastatic Colon Carcinoma Detected with Radiolabeled F(ab')2
Monoclonal Antibody Fragments . Radiology 1983; 149:549-555.

Steplewski, Z., and Koprowski, H. Use of Monoclonal Antibodies to Recognize Tumor Antigens.
Oncodevelopmental Markers. Academic Press, Inc., pp. 155-166, 1983.

Paik, C.H., Ebbert, M.A., Murphy, P.R., Lassman, C.R., Reba, R.C., Eckelman, W.C., Pak, K.Y.
Powe, J. Steplewski, Z. and Koprowski, H. Factors Influencing DTPA Conjugation with Anti-

bodies by Cyclic DTPA Anhydride. Journal of Nuclear Medicine, December, 1983, Volume 24,
Number 12.

Herlyn, M., Blaszczyk, M., Sears, H.F., Verrill, H., Lindgren, J., Colcher, D. Steplewski, Z
Schlom, J. and Koprowski, H. Detection of Carcinoembryonic Antigen and Related Antigens in
Sera of Patients with Gastrointestinal Tumors Using Monoclonal Antibodies in Double-
Determinant Radioilmmuncassays. Hybridoma, Volume 2, Number 3, 1983.

Magnani, J.L., Steplewski, Z., Koprowski, H. and Ginsburg, V. Identification of the
Gastrointestinal and Pancreatic Cancer-associated Antigen Detected by Monoclonal Antibody
19-9 in the Sera of Patients as a Mucin. Cancer Research 43, 5489-5492, November, 1983.

Pak, K.Y., Blaszczyk, M., Steplewski, Z. and Koprowski; H. Identification and Isolation
of a Common Tumor-Associated Molecule Using Monoclonal Antibody. Molecular Immunology,
Vol. 20, No. 12, pp. 1369-1377, 1983.

Steplewski, Z. Monoclonal Antibodies: Selection Approaches for Human Solid Tumors.
Radioimmunoimaging and Radioimmunotherapy, pp. 105-107, 1983.

Paik, C.H., Ebbert, M.A., Lassman, C.R., Reba, R.C., Eckelman, W.C., Pak, K.Y., Powe, J.,
Steplewski, Z., and Koprowski, H. pH Effect on DTPA conjugation to antibodies via cycliec
DTPA anhydride. Hybridoma 2(1):126, 1983.

Steplewski, Z., Mitchell, K.F., and Koprowski, H. Biological functions of anti-melanoma
monoclonal antibodies. Melanoma Antigens and Antibodies, Reisfeld, R., and Ferrone, S.,
eds., Plenum Press, New York, 1982, pp. 365-380.

Steplewski, Z. and Koprowski, H. Anti-colorectal carcinoma monoclonal antibodies.
Hybridomas in Cancer Diagnosis and Treatment, Mitchell, M.S. and Oettgen, H.R., eds., .
Raven Press, New York, 1982, pp. 207-211.

Steplewski, Z. and Koprowski, H. Monoclonal antibody development in the study of colo- °

rectal carcinoma-associated antigens. Methods in Cancer Research, Busch, H., ed.,
20:285-316, 1982.

Mazauric, T., Mitchell, K.F., Letchworth, G.T., III., Koprowski, H., and Steplewski, Z.
Monoclonal antibody~defined human lung cell surface antigens. Cancer Res. 42:150-154, 1982.
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BIOGRAPHICAL SKETC!

Give the following information for key professional personne! listed on page 2, beginning with the
Principa! investigator/Program Director. Photocopy this page for each persbnt

NAME TITLE BIRTHDATE (Mo, Day, ¥r.)

Raymond L. Hayes Chief Scientist (retired)

EDUCATION (8egin with baccalsureate or other initial professional education and include postdoctora! training)

DEGREE (circle YEAR
INSTITUTION AND LOCATION highest degree) CONFERRED FIELD OF sTUDY

SN  &E
| e SpE—

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi-
ence, and honors. Include present membership on any Federal Government Public Advisory Committee. List, in chronologicst order, the titles and

_complete references to all publicstions during the past three years and 10 represeniative earlier publications pertinent to this application. DO NOT

EXCEED TWO PAGES,

1944 Senior Scientist, U.S. Rubber Co., Charlotte, North Carolina
1950 - 1983 Chief Scientist, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, Tennessee

HONORS :
Sigma Xi; AEC (NSF) Predoctoral Fellowship 1948-1950.

Publications: (selected)

Hayes, R.L. Detection of malignancies with radionuclides. In Recent Advances in
Nuclear Medicine, Vol. 6, J.H. Lawrence and H.S. Winchell, eds., Grune & Stratton, Inc.,
New York, pp. 177-197, 1983. -

Hayes, R.L. and Hubner, K.F. Basis for the clinical use of gallium and indium radio-
nuclides. In Metal Ions in Biological Systems, Vol. 16, H. Siegel, ed., Marcel Dekker,
Inc., pp. 279-315, 1983.

Hayes, R.L., Rafter, J.J., Carlton, J.E., and Byrd, B.L. Studies of the in vivo uptake
of Ga-67 by an experimental abscess: Concise comunication. J. Nucl. Med. 23:8-14, 1982.

Hayes, R.L. The interaction of gallium with biological systems. Int. J. Nucl. Med.
Biol. 10:257-261, 1983.

Kabalka, G.W., Gooch, E.E., Hsu, H.C., Washburn, L.C., Sun, T.T., and Hayes, R.L.

Rapid and mild syntheses of radioiodinated estrogen derivatives via organoborane
technology. In Applications of Nuclear and Radiochemistry, R.M. Lambrecht and N. Morcos,
eds., Pergamon Press, New York, 1982, Chapter 17, pp. 197-203.

Washburan, L.C., Sun, T.T., Byrd, B.L., Rafter, J.J., Hayes, R.L., Frey, K.A., and
Agranoff, B.W. 11C-ACHC, a potential agent for positron tomographic measurement of
brain amino acid transport. In Nuclear Medicine and Biology, Vol. I, C. Raynaud, ed.,
Pergamon Press, Paris, France, 1982, pp. 642-645.

Hayes, R.L., Byrd, B.L., Raffer, J.J., Carlton, J.E., and Coffey, J.L. Ytterbium~169
citrate for detection of inflammatory lesions. In "Medical Radionuclide Imaging 1980",
Vol. I, IAEA, Vienna, Austria, 1981, pp. 579-585.

Hayes, R. L., Carlton, J.E., and Kuniyasu, Y. A new method for labeling microspheres
with ®%Ga. Eur. J. Nucl, Med. 6:531-533, 1981.

Hayes, R.L., Rafter, J.J., Byrd, B.L., and Carlton, J.E. Studies of the in vivo entry
of Ga-67 into pormal and malignant tissue. J. Nucl. yed. 22:325-332, 1981.
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Hubner, K.F., King, P., Gibbs, W.D., Partain, C.L., Washburn, L.C., Hayes, R.L., and
Holloway, E. Clinical investigations with 11C-labeled amino acids using positron
emission computerized tomography in patients with neoplastic diseases. In '"Medical
Radionuclide Imaging 1980", Vol. II, IAEA, Vienna, 1981, pp. 515-529.

Casey, D.L., Digenis, G.A., Wesner, D.A., Washburn, L.C., Chaney, J.E., Hayes, R.L.,
- and Callahan, A.P. Preparation and preliminary tissue studies of optically active
C-11-D- and L-phenylalanine. 1Int. J. Appl. Radiat. Isot. 32:325-330, 1981.

Hayes, R.L., and Byrd, B.L. Transfer of 67Ga from the hamster dam to fetus and
offspring. In Third International Radiopharmaceutical Dosimetry Symposium, E. E.
Watson, A.T. Schlafke-Stelson, J.L. Coffey, and R.J. Cloutier, eds., Bureau of
Radiological Health, Rockville, MD, 1981, pp. 447-453.

Hayes, R.L., Byrd, B.L., Rafter, J.J., and Carlton, J.E. The effect of scandium on
the tissue distribution of Ga-67 in normal and tumor-bearing rodents. J. Nucl. Med.

Hubner, K.F¥., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.
and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Hayes, R.L., Szymendera, J.J., and Byrd, B.L. Effect of food intake on the tissue
distribution of gallium-67: Concise communication. J. Nucl. Med. 20:938-940, 1979.

Washburn, L.C., Sumn, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-
llc]tryptophan, a potential agent for pancreatic imaging: production and preclinical
investigations. J. Nucl. Med. 20:857-864, 1979.

Washburn1 L.c., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. 1l-Aminocyclo-
butane[l Clcarboxylic acid, a potential agent for tumor localization. J. Nucl. Med.
20:1055-1061, 1979.

Hayes, R.L. Chemistry and radiochemistry of metal-ion nuclides commonly employed
in radiopharmaceuticals. In The Chemistry of Radiopharmaceuticals, N. D. Heindel,
H. D. Burns, T. Honda, and L.W. Brady, eds., Masson Publishing, New York, 1978,
PP. 155-168.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [1-11C]—
DL-Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Hayes, R.L., Washburmn, L.C., Wieland, B.W., Sun, T.T., Anon, J.B., Butler, T.A.,
and Callahan, A.P. Synthesis and purification of 11C-carboxyl-labeled amino acids.
Int. J. Appl. Radiat. Isot. 29:186~187, 1978.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic a-amino acids. Cancer Res. 38:2271-2273, 1978.

Hayes, R.L. The medical use of gallium radionuclides: a brief history with some
comments. Semin. Nucl. Med. 8:183-191, 1978.

Lawless, D., Brown, D.H., Hubner, K.F., Colyer, S.P., Carlton, J.E., and Hayes, R.L.
Isolation and partial characterization of a 67Ga—binding glycoprotein from a rat
hepatoma. Cancer Res. 38:4440-4444, 1978,

Hubner, K.F., Andrews, G.A., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayesi R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l—aminocyclopentane[1 cl-
carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

2 . . .
Hayes, R.L., Rafter, J.J., Washburn, L.C., and Byrd, B.L. Affinity of 53elnstelnlum
for tumor tissue. Nature New Biology 246(No. 149):23-25, 1973.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: Lee C. Washburn

OTHER SUPPORT .. -

(Use continuation pages if necessary)

For each of the professionals named on page 2, list, in three separate groups: (1) active support; (2} applications and proposa's
pending review or funding; (3) applications and proposals planned or being prepared for submission. Include a// Federal, non-
Federal, and institutional grant and contract support. If none, state “none.” For each item give the source of support, identifying
numbet, project title, name of principal investigator/program director, time or percent of effort on the project by professiona!
named, annual direct costs, and entire period of support. {If part of a larger project, provide the titles of both the parent project
and the subproject and give the annual direct costs for each.) Describe the contents of each item listed. 1f any of these overlap,
duplicate, or are being replaced or supplemented by the present application, delineate and justify the nature and extent of the
scientific and budgetary overlaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
(1} ACTIVE SUPPORT:

Lee C. Washburm 90% Salary and Benefit Support DOE Contract No. DE-AC05-760R00033
10% Salary and Benefit Support - NCI Contract No. CA29490-03

James E. Crook 100% Salary and Benefit Support - DOE CoﬁtractiNo. DE-AC05-760R00033

Myles C. Cabot 100% Salary and Benefit Support

DOE Contract No. DE-AC05-760R00033

(2) Grant Application: Pending Review
"Labeled Amines as Markers of Pulmonary Injury and Repair",
James E. Crook, Principal Investigator, submitted to NIH, April 27, 1984.

Grant Application: Pending Review
"Lipid Role in Phorbol Ester Binding", Myles C. Cabot, Principal
Investigator, submitted to NIH, October 24, 1983,

(3) None
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PRINCIPAL INVESTIGATOR,PROGRAM DIRECTOR: ___Lee C. Washburn

RESOURCES AND ENVIRON). NT

FACILITIES: Mark the facilities to be used at the appiicant organization and briefly indicate their capacities, pertinent capabilities, relative proximity
and extent of availability to the project. Use "“other’” to describe the facilities at any other performance sites listed in ltem 9, page 1, and at sites for
field studies. Using continuation pages if necessary, include an explanation of any consortium arrangements with other organizations.

,_,bomory: Three well-equipped, air-conditioned laboratories with a total of approxi-
mately 2,000 sq. ft. are available in the Vance Road building of Oak Ridge
Associated Universities (ORAU) Medical and Health Sciences Division (M&HSD).

D Clinical:

At ORAU M&HSD modern accredited animal facilities with adequate floor space

E} Anirmal: to house cages for all animals in this project are located in the same

" building as the office and laboratories of the Principal Investigator.

Shared specimen collecting and work laboratories are alsoc located directly withi
the animal facility. Adequate caging, which complies with minimum size and con-
struction requirements as given in the DHEW Guide, is available.

E] Computer:  ARAU has a Digital Equipment Corporation PDP 11/44 computer with 768 kilobytes
of memory. The minitab data analysis software package (Minitab Project,
University Park, PA) is available for statistical testing of experimental data.

@ Office: Each invest:lga.tor has a well-equipped, air-conditioned office.

D Other { )

MAJOR EQUIPMENT: List the most important equipment items already available for this project, noting the location and pertinent capabilities of
esch. Laboratory Data Control (LDC) gradient high performance liquid chromatograph with LDC
refractive index detector, LDC variable wavelength UV detector, Packard custom liquid-
column single-channel analyzer monitor (for detecting the elution of gamma-emitting radio-
nuclides), and Radiomatic Flo-One Model HP radioactivity detector (for beta emitters) with
Model ES electronic stream-splitting device;. Beckman Model LS 2800 liquid scintillation
counter with external standardization by H#, DPM capability, chemiluminescence monitor,
and multi-user package; Packard Model 5220 Auto-Gamma scintillation spectrometer; Searle
Pho~Gamma V scintillation camera; and Ohio-Nuclear dual head rectilinear scanner are
located at ORAU M&HSD.

ADDITIONAL INFORMATION: Provide any other information describing the environment for the project. Identify support services such as
consultants, secretarial, machine shop, and electronics shop, and the extent to which they will be available to the project.

RESOURCES AND ENVIRONMENT

Dr. Zenon Steplewski of The Wistar Institute, who has an excellent record in monoclonal
antibody research, will be a Co-Investigator on this project. Dr. Steplewski's laboratory
will provide the monoclonal antibodies and monoclonal antibody fragments as well as the
tumor lines which are required for this project. He will also work with ORAU investigators
to set up at ORAU the radioimmunoassay procedure necessary to verify the retention of
immunological activity of the antibodies after derivatization. Dr. R.L. Hayes, former head
of ORAU's M&HSD preclinical radlopharmaceutlcal development program, will serve as a consul

i f scientific expertise available both
PHS 398 (Rev, 5/82) PAGE (continued on next page)




RESOURCES AND ENVIRONMENT (continued)

within ORAU and in the Oak Ridge community at large, especially the 0Oak Ridge National
Laboratory. Additionally, the University of Tennessee is nearby and has resources
available to us within the graduate, medical, and veterinary divisions. Full-time
secretarial services with access to word processor will be available to the project

as required, and ORAU's well-equipped machine shop and the Division's electronic
shop will also be available as needed.

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS'

This research grant application includes a segment of activity that would be performed
in facilities of the U. S. Department of Energy and governed by an existing contract
between Oak Ridge Associated Universities (ORAU) and the DOE. The DOE has reviewed
this proposal and has concurred in ORAU conducting the described work in the DOE
facilities made available for biomedical research, subject to payment to the DOE by
ORAU from NIH funds of the applicable direct and indirect cost of the work (not in-

cluding any charge for the use of DOE facilities) as determined by the provisions of
the DOE's contract with ORAU.

By way of general information, ORAU's contract with the DOE is a cost-type contract
financed under a Government-fund account. The specific contract work is formulated
in cooperation with the DOE and authorized within general guidelines in the contract.
Ownership of all equipment and facilities acquired by ORAU with DOE funds is vested in
the U. S. Govermment at the time of acquisition. The contract also contains all the

terms generally common to Govermment contracts of the type under which ORAU conducts
research operations in Govermment-owned facilities.

In particular, ORAU's contract with DOE includes standard articles on the subjects of
small business, contracting with labor surplus firms, contracting with women-owned
concerns, disabled veterans, employment of the handicapped, clean air and water, cost
accounting standards, cost or pricing data, equal opportunity and safety and health.
We believe that in these areas, the contract conditions parallel conditions which NIR
ordinarily applies to-its grants. In the event of differences between NIH grant terms
and these DOE contract terms, ORAU is agreeable to meeting both to the extent that
they are not in conflict, and to applying those most favorable to the United States
Government where this is involved. 1If NIH is aware of problems that such an approach

would produce or suggest, ORAU upon receipt of such advice would refer the matter to
the DOE for direct resolution with NIH.

The contract also includes DOE standard patent rights and technical data articles for
nonprofit organizations. We propose applying these or those which NIH applies to

grants, whichever provides ORAU with the greater rights in these areas. We believe
this approach is consistent with Public Law 96-517.

1077451
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. S8necific Ai-s

The snecific ain of this research is preclinical developrent and eva'u-
ation of tu-mor-snecific 235rm- and ®y-labdeled monoclonal antihodies or
monoclional antibody fraoments for potential annlication in radioirmuno-
therapy of cancer. A bifunctional chelate technique invelving counling of
the chelating azent, diethylenetria~inementaacetic acid (DTPA), to
nonoclonal antibodies via the cveliec NTPA anhvdride +il1 be used. This
ill nermit radiolabeling monoclonal antibodies -sith a variety of metal ion
radionuclides. A ratioimmuncassay techaique will be used to verify
retention of irrunolosical activity after radiolabeling., ‘‘onoclonal
antibodies labeled =itk In-111, Yb-140, and VY-78% will be used for
nreli~inary scinticranhic and tissue distribution studies in nude rice
bearing the adpronriate tumor tyve for each antibody to “determine the tin
course of tumor localization., A radiolabeled anti-influsnza —onoclonal
antidody will be used as a coatrol to assess the importance of nonsoecific
binding. Tissue distribution studies using -onoclonal antibodies laheled
r1ith F==255, Y-99, and Te-253 (to Ye used as a lonver-lived =odel for
) -ri11 then Se carried out, and this data -1ill bSe used for radiation
dnsimetrv caleculations, Tumor remression studies will Se carried sut i=

. . . 255 0y 1
ta-or~aaring nude —ice to asszess the notential af 293Tme and Pvotabheled

antituor ~onoclonal antibolv derivatives for future clinical radio-

~i=~unotherapv trials,

Seszare™ on tu-wor localization of radinladeled antihadies “ates bac™
sone 3% vears to the -tort of Press—an and Torntold (1), ~Ro shoed that

labale” amtibodias 2=ainst “"amner osteossrcoma 2olls rare concentrated in
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vivo bv the solid tunor, Antibodies to tunor-associated antisens have bHeen
considered as leading candidates for the long—-souzt "masic Sullet" (2),

tv for tumor tissue could in

e

Antihadies “avine a hich enou~h snecific
theorr »e used, in a radiola“e}ed form, for diannosis of cancer 2nd also zas
carriers of radionuclides and cvtotoxic druss for cancer therany.

The conventional production of antibodies in animals %as serious
li~itations, however. Iven =ien highly nurified antizen prenarations are
used, 2 ~hole snectrun of antibodies with diverse specificities is still

obtained, and separation of the desired antibdody from such mixtures is very

the antibody obtained is quite coroa., Tinallv, even when larage animals
are used, there are practical limitations to the auantitv of antidody which
can he nroduced,

The discovery of a technicue for nrodnction of monoclonal antihodies bv
“ohler and “Yilstein in 1275 (3) nrovides 2 solution to these nroblews,
‘onoclonal antihodies, produced in tissue culture by lvmrhocyte-nveloma
hybridoras (4), are homogeneous, require little effort for purification,
and can be renroducibly nrenared in larze quantities. Since their
discovery, the potential of =onoclonal antiholies for a variety of
clinical, basic research, an? even ‘nductrial anplications has heen
reconnized (2), e 0f the —ost i-ncortant of these is their nossible nse
in 4iasnosis and therany of cancer,

Tahla 1 lists the radio~uclides ~hieh have Seen used for ladeling
~onnelnnal antibodies for 4iaznostic and theranautic investi~zations, ‘lost
of these studies to date have uvsed I-121 as a radinlabel, Studies of the

. 3 Y . - 1
dinnnostic (5-24) and theraneutic (23-25) notential of 1311-1a%eted
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PANIMMCTINES TITEN AQ TATRLS TAT UUOTINOLAMAL ATTTISNANIRS

Necay “nerav of Princinal
“adinanclide alf-l,ife “nde(s) 2oton(s) (Te™) neferences
Toline-131 .75 4 g~ 354 5-24
Todine-123 13 & 200 149 27,79
Todine-175 49 4 =¢ 35 16-22,29-21
Tachnet tun=20 AN h IT 140 35,51
Indiun-111 2.21 4 Y] 173, 247 33,43-51
Gallium-5%° 2 B*, ©C 510 51
Rigmuth-212 8.6 B™, a *lone 59

~onoclonal antibodies have been carried out in Hoth aninzals and =an. Short-
lived I-123 has been used as a lahel for imagine studies in animals (27,2%) and
—an (23), and I-125, althouch unsuitabdle for imaginzg, has been used as a
radiotracer in animal studies (19,22,20-31), Subtraction of backoround
activity (32) has been used in manv of these investigations to enhance tumor

imagine (4,11,14-14,12,22), Another vay of imoroving the tumor images obtained

pie
'JQ

th rad

vy

olabeled nonoclonal antibodies involves use of sinzle photon
. N . 2
comnuterized emission tomocraphy (SPTCT) (13,22), For 12l1-1aheled monoclonal

L3

zatibody azainst carcinoembryonic zantisgen, SPRCT was sho'm to be clearly
sunerior to rectilinear scanning, nernitting correct visualization of 1% out of
17 tumor sites studied (13)., One can often actually increase the tumor-to-

nontunor ratios by enzymatically re-ovin~ non=binding sortions of the antibody

mnlecule before radiolabeling is carried out, This results in labeled

“tulies using radiniodinated derivatives clesrly show the -otential of
ratinlaheled -onoclonal sntibodies for cancer 4iasnosis and theranv, A

—aior drawhac to using radionuclides o0f iodine =s lahels for =onoclonal

€
]
ot
1=
)
Q
Da
2l
(1]

s is, ™ovever, the nrodlen of in wive deiodination, which ohscures

.

7h zeneral! hackaround 2s rell as adbnornally

1.

the i~27es v producing a h
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wim% concentrations in the stomach, “ladder, and midnev (34,35). Tn

itition, I-131 is far fro= ideal for Soth 4iacnostic and theraneutic

ca

,4

2D

[iad

o

ions MHecause of its lon~ half-1ife and ~edium enermy 2a-ma emission
:ich results in high radiation ‘oses to normal tissues,

Zits have been develnned for labhelins F{ad%~ )9 fragments of -onoclonal
antibodies =rith Te~2%m (35), Althou~ nro~isin~ results =ere ohtained in
zni~als, the initial clinical resnlts -rere disavnointing (36),

The Hifunctional chelate techninue involves.covalent attachment of a
chelatint 7roun to proteins, nermittineg strons binding of pol?valent metal
ions. This concent was first introduced “wv Sundberg and co-worters (J?)
o used a diazmonium counling reaction to attach a nhenvlethvlenedianine-
tetraacetic acid {phenv1-"DTA) noietv, nermitting labelin~ of »roteins with
Tn-111, ‘“rejcare% and Tucer (3%) used a =ixed carhoxvcarhonic anhvAride
to 2ttach diethvlenetria—inenentaszcetic acid (DTPA) to proteins wvia an
:aze, Yohovama an? co-rrarkers (39) usedlglutaraldehyde 2s a
counling azent to linlk desferrioma~ine, an excellent chelating azent for
radionuelides of gallinm and indium, to nroteins. Perhans the most
attractive ~ethod, howevar, involves use of a cveliec antvdride to counle
DTPA to nroteins, afain via an a~ide liq’iane, The cvelic DTPA anhydride
hod was first develone” Yv Te'telnan an? co-rrorters (41) to —ate
chelating derivatives af fatty acids and -as az”anted hv Matowrich 2nd co-
*ers (41,42) to radinlahelint of nrote “everal naners have recently
aey miblishaed descrihing methnds for w2 'iplaheling -onnclonal antidodies
rith indin-=111 via the cvelie NTPA anhvdride (23,43-47), Advartazes of

the cvelic DTPA anhydride nrocedure are the si-nlicityv of the syntheses,

~ild counline conditions, and easy nurific

2]
e

tion of the nrotein 2fter

counlineg,
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Pai% and co-rortiers (45 ,44) have investinatel the effect of =7 on DOTRA
conju~nation to antibodies via the cvelic DTPA anhvdride techninue, Out of
four huffer snlutions studied for the connling reaction, 7.1 ! bicarbonazte
mffer at p¥ 5,2 zave the optiral results. “"ith anticolorectal carcinoma
nonocelonal antibocdv, a cyclic DTPA anhvdride to antibodv molar
concentration ratio of 5%:1 a2llowed chelation of 1,3 indium atons ner
mwlecule of antibody with only 7% deactivation of the antidody. Tigher
concentration ratios gave disproportionately areater antibdodv deactivation.

The bifunctional chelate technianue has been investizated for labeling
monoclonal antibodies with —metal ions. “natowich and co-workers found that
11l7n-1a%eled ~onaclonal antibody to carcinoce~brvonic antigen lahbeled by
the cyclic DT?A anhydride approach had a hicher tumor unta%e than the same
antibody labeled with radioiodine (£4), Ti%erise "an? and co-workers (47)
found “etter bdinding of 1111n-1abetled ~onoclonal antibody against high-
~placular weight melanoma-associated antizen than 12%I-1abeled antihody
rthen incubated in vitro with melanona cells, Tovev ¥, Poe and co-workers
(33) found that 1llin-1aveled F(ab“)y fragments of nonoclonal antibodies to

“uman colorectal carcinoma and nelannmz-zssociated antizens were

+h

erior

[

!
to the anzlozous 13171 1a%eled fracments for imaging tunor Zenografts in
nnde —ice, nossibly beczuse of incrensed catabolisn of the 121T-1a%heled
antito’v, Chelate-cenijucate” —onoclonal antibodies have also heen ladele?
srith In-lli by the mixed anhvdride techniocue (29,4%-57), A NT?A-conijugate
~h franments of zntihody to canine cardiac -wosin was chelated with
In-111 an? used to image =vocardial iafarctions in doos (S1), TPreliminarvy
results v7ith this sane antibody conijunate -rere also renorted using Te-29-

and “a=A% as radiolabels (51),



Tismuti=717 has also heen used to 'ahel -onoclonal nntihadlies throuzh a
“ifunctional chelate devivative, and a stulv o0f the theraneutic efficacvy of
thece z7eats is in nronress (52). Torever, the short half-1ife (59,6 min)
~av not “e adeauate for nroder Hlood clearzace,

As seen from the ahove descrintion of -revinus research with
raliolabheled antitunor ~onoclonal antivedies, t.e ™1l of this has

e-mhasi

3]

e? the diagnostic rather than the therzneutic motentizl of these
aceats. This nronosed research involves labeling these highly specific
~onoclonal antibodies or —monoclonal antihody fran—ments with the alpha
emiltter Trm=255 and the beta enmitter yttriun-9" for studies of
radiotheranreutic efficacy. Alnha enitters are ideal for theranv because
their entire radiation enerzvy is confined to a verv sm=all range (53),
er—iu~~255 annears to bYe an excellent radionuclide for theraov because it
decavs hv alnha emission writh a half-1ife (27.1 ) =~hich is lonz enough to
allow =20d turmor upntake and blood clearznce, vet short enoumh to orevent an
ciicessive radiation dose., It decavs to CF=-251, =hich is so long-lived
(T172 = 27 y) that its contribution to the radiation dose would be
linible, The nure beta e-itter ¥-97 (Ty/9 = 54,2 %) =rill also be

evaluated as a label for —onoclonal antidodies for radioirmunotherany,

Tonoclonal antibodies laheled -ith F==255 or Y-99 =av be very nro-ising new

- <

s -rae soiarad ont in section T,, of the —et'ods that have been

davelonnt %o date for the covalent couslinz of solvaminocarhoxvlates to

aroteins, such as -onoclonal antihodies, the cvelic DTPA anhviride

tachniecu= anmears ta Ye the ~ethod of chwice for laheling antibodies =vith

= >

ontuyyalent cationic radionncliles., It is ranid, »roceeds 2t ohvsiolocic

10774063 27



nT, =ad vields chelesting nrofucts that ~etain their i-runnlo~ical actiview

Tn nreli-vinary studies directed to-rar? estzhlishi

-3

7 a @eneral techniaue
for ladelinn —onoclonal antibodies, e have used a —odification of the
~ethods of Tmatowich et. al., (44) and Pai% et, al, (45) for counling DT?A
to antibodies. The counling procedure for a 1:1 ratio of cyclic DTPA

anhydride to monoclonal antibody is as followrs: Ten plof a 1.5 mg/ml

%]

olution of the cyclic DTPA anhvdride in chloroform was evaporated to

drvness under nitrozen gas in a glass tube, TPurified colorectal —monoclonal

]

ntibody 17-14 7362a (5.5 ng) in 197 1l of 9,05 I ¥a¥Cn3/ /1M aCl buffer -as
2dded to the dry anhvdride and the solution agitated for 32 minutes at room
temerature.

Ten Ul of this stock solution nf NTPA-coupled monoclonal antibody
as cc—hined with 19 ﬁl of In-111 in 7,5 ' acetate buffer kp? 8), After
standing for 37 —in a2t roon temmerature, 5 nl of 7,171 ! citrate huffer was
a?ded and the ~ixture centrifuned in an ultrafiltration membrane cone
(4nicon Corporation, Danvers, *A). Tron the nercentages of radioactivity
associated -rith the filtrate and residue fractions, it was found that the
counlinz efficiency -ras 53% (2n averane of 7,52 DTPA aroun ner antibody
molecule,

™a 11l1n_1abeled DTP2-counled antitalv -was senarated from
Hlraom=m4 using a Senhzdex 550 sel filtration column (1.5 x 2 cn) eluted
I 0002 T Tag™R0,/0.5 7 all buffer (071 7). Tlution of radisactivity
fro= the column -'as —nonitored using 2 custnm liauid-colunn ginale-channel
znalwzer ~onitor svstem (Pac’iar? TInstru~ent Co—many, Normers “rove, IT).

- . . 111~
Lt 3 “lor vate 0f 2,2 ~1/=in, the retention ti-e of the Hl1n-1a%eled

|t

N7T24=counled antibody +rras 27-25 =~in and that of 1117727794 s 57-59 =min

S ]
#)
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to lahelin~, i€ Adesired, bv usinzy Y asoration at 2°Y A= to =-onitor

elution A< the NT2A-counled antihniv,

SEPARATION OF ""IN-LABELED DTPA-COUPLED 17-1A
FROM "WN-DTPA BY GEL FILTRATION

"YN-DTPA-17-1A

RADIOACTIVITY

WN-DTPA

1 20 30 40 S0 60 70
TIME (MINUTES)

Fig. 1. Separation of 111In-labeled DTPA-coupled 17-1A from

l1n-DTPA by gel filtrationm.

]

jae

.
]

i

- Iy ~

nreparations rrere sent to Dr, 7, Stenlewski of The Wistar
Institute for radioirrmunolonnical testiny (cee method in Rection D.4.) to
detering the retention of i—munolonical activityv of the fderivatized
antihndies: (1) Tuvrifie? colorectal =onoctanz) antilady 17-14 InnR2a (ag -

I

steatarad)y {7) a salution of 17-1A =high -ig lvashilized an! resusnendes in

e (504

ater to a concentration of 5.9 m/17N 1l (heczuse the orizinal 17-14

folution -ras tno dilute for the counlinm vezetina); (2) DTPAi-counled 17-14
prenaraed {ra- the solution in (7) as “escrided ahove {1:1 ratio of
anhwiride to antibodv) and omrified v el filtration

3 (£) DPT2A~counled

17-12 -1™igy wwag commlewed «rith a molar aAmount o€ stadle Tnt3 eauivalent to

10TT4bS 2"



tha MO aresent {to co-aletelw ssturate the chelatino sites) 214 then

ririfie” hwv gel filtration; (5) "TPA-counle? 17=1% nresared from the

galution i1 (7)) a3s Zescrited ahpve enceot that the aahwvidride-to-antihody

eoncentTation ratio mas 701 {Mich mave an avev2zae 0f 4,5 NTPL orouns ner

antibnly -1oleenled), The i—une reactivity of sanles 2-5 were unchanced
- 2

celative to the ourified 17-14 nrenaration (sa-mle 1), +hen tested using
enlon cavcinonz cell line 3771115, -hich exnresses about 5 » 109 bYindine

sites per cell for this antibody (Fiz, 2), They were also tested using

BINDING OF ANTIBODY 17-1A AND ITS CONJUGATES
TO COLON CARCINOMA CELL LINE SW 1116

7
.
&
6 -
-
5wl Demed 1 : ($T7=1A, puriiied)
O 2: (17-1A, iyophilized)
L OmemG 3 : (17<1A-DYPA, 1:1 )
Gl 4 : (17-1A-DTPA~Indium)
4 = #—ea 5 : (17-1A-DTPA, 20:1)

COUNTS PER MINUTE (X 103)
Il

Y T T ]
25 5 1 .2 .04 .008 .002
CONCENTRATION (pg/ml)

Fig. 2. Binding of antibody 17-1A and its conjugates
to colon carcinoma cell line SW 1116,

“vean matsngma e2ll line YT, mhich sMonld mat Bind tha antitadv (Fie. 3).

ere ~tag 50Te annavant hindins of the coniun~ates at hirher

it this -ras orohahly due to aitrenatio

]
]
»
t
”
)]
3]

than snecific bhindin~,
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BINDING OF ANTIBODY 17-1A AND ITS CONJUGATES |

TO HUMAN MELANOMA CELL LINE Wt
6 =

5

: (17~ 1A, puritied)

Ol) %
o @ 2: (17-14A, lyophihzed)
o om0 3 (V7-1A-DTPA, 1:1)
5 4 -4 Bt 4 : (17-1A-DYPA-Indium)
—a 8 (17-1A-DTPA, 20:1 )
w
—
2
= 3~
=
o
a
w2+
z
[=]
O 1 o

0 T T gl —'I _[! ;

25 § 1 2 04 008 002
CONCENTRATION (pg/ml)

Fig. 4. Binding of antibody 17-1A and its conjugates
to human melanoma cell line WM-9.

e fea2l that the above avdrozch to chelate enunling, labelian, and
murification should be auite senerallv effective for nreparation of

~onoclonal 2ntihodies labeled with nolvvalent cationic radionuclides such

as the 2

oha emitter, fer—ium-725, and the heta emitter, vttrium-9%9.

>

« Txneri-osntal MNesicn and “ethods

1. Radinauclides to he used as ladels

The vadionuclides that -ve nronose tn studyv as labels for -~onoclonal
ies are listed in Table 2. The advantazes nf alnha-e—mitting radio-
mclides for iaternal radiotheranv have z2lreadv been Jiscussed in ection

. The ~rome-ties of Tm=158 (Ty/a = 27,1 M) ~ate it nenrlv ifeal for use

in =atisi-—u-ptherany This =adiannueli’a ig uni~ne i:
ot otheranv, vis matl o 3 ifne in

from mnvent Te=255 {Tyy9 = 37 4) ant in tarn decavs solelv Bw aloha
r=igsion %2 752351 (Ty/9 = =271 w), Tracoer avantities of F==755 and "g-253
{(T1/a = 27,3 2) (tn be used 2s a lon~ar-livad =nlal £5r T=-255) can be

a-taine? ~% iatervals fro~ the Transuraninm DOraocessin: 2lant at Nak Tidee

ational! Tzhawatory (see letter from W, T, 7, “ivglor in Aonendizn)

10114061
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CADINITICLINTS PRAPNSTN AR TLATTILS FON UINTOCLATAL ANTIRANITS

"adionuclide "zlf-Life Necav “ode(s) Pronosed Annlicationn
Fer~iun-255 20,1 1 a Nadioiwnotherany
Yttriu--29 4,0 % B- Radioirmmunotheranv
Tinsteiniyn=-253 2,5 4 a ‘'odel for Tm~255
Tttrium=20 176.6 4 =C Todel for Y-99
Indiun-111 2.7 4d joto] Scintigraphic Studies
Ytterbium-169 31.9 4 =C Scintigzranhic Studies

Forever, the supnly of F==255 in this country at the present time is
limited to that available from the Na% Pidge Mational Laboratory. Althouzh

it is not as suitable as T==255 for internal radiotheranv, the nure beta

emitter Y-99 (Ty/9 = 64 h) is readily avzilable from its parent Sr-99 (Ty/2
= 2% v), and it therefore could act as a substitute for Fm=255, For this

reason, together with possible unexnected difficulties with the use of
Tm=255, we will also develon monoclonal antibody derivatives laheled with
V-2, Tonger-lived, accelerator-nsrodnced V=29 (Ty/2 = 126.5 d) will He
used as 2 ~odel for 7-99,

Tnitial scintiéraphic and tissue distridbution studies for each
monoclonal antibody derivative will be carried out with sarmma-enitting
redionuclides of intermediate h21f-1ife, such as comerciallv available
Yh=159 (Ty/2 = 31 4) and ¥-°7 (Ty/a = 175,56 ) in order to study the tu-~or
nntae sn? Saelinround clearance of tge arent over a neviod of a few hours

tn severnl davs after ad-inistration. Indinm-1) 7.2 1) »il1 also

1
¥
¥
Jomt
N
-3
ot
-
N
]

Se used 25 an antidody Jabel in nrder to facilitate comnarison of the
results ohtained ia this study =ith other »mudlished work on llTn-jadeled
TTPA-coudled =onoclonal antihories, These raltionnelides all have hirh

st2bility coastants with hot™ DT2A an? "OTA (see Tadle 3, ref. 5£), and

there

[}

ore nolva~inocarhouvlate 1ivan”s coudled to =monoclonal antihodies

10T14b8



shnuld Sind then verv strontly, The —etal ian used woanld not be exnected
to Mave a si~nificant effect on tre Siodistridution of a narticnlar
tibdody derivative, Tissue distributions thaz wvarv -ith isotonic ladel
could be exnlained only dy major d4ifferences in their stahility constants
or by the influence of in vivo exchange of the isotone with plasma
sroteins.
TARLT

STARILITY COHSTAMTS FO- DTPA AMD ®EDTA WITY “IETAY, IONS PROPOSED AS

DADINLATTLS

Loo nf Truilibriu~ Constant (‘1)
‘letal Ton DT “DTA
Tt 22,7 na
¥+3 22,1 12,1
vh+3 22.7 19.5
ns*3 22.5 na
Int3 28,4 24,9
Finsteinium-253, an alpha~emitting rationuclide of intermediate

half-1ife that is chemically very similar to T-~-255, 7111 21so be used as a
label for monoclonal antibodies for tissue distribution studies, Assay by
1inquid scintillati;n counting technicues will be required for Ts~253, as
described in our previous study of Fs-253 citrate unta%e by tumors (55).

If ~o0d potential is seen in these nreliminary investizations, the

antibody Anrwvatﬂve w111 then be labeled «ith T=255 and ¥-99, the nuclides

of interest for radioimmmnotherany, for tumor rexression end radiation

1077469
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7. athnde forp vadiolabelin~ -annc’annl antibodies

Tovalent counling of the chelating a~ent D™PA to =snoclon al antibo“ies

and ~onoclonal antihodv fram~ents wril} Se accomnlishe? usins the cvelie
, . . . . .

anhvdride of DTPA (L4,L5), This i) Der~it labeling these antibody

derivatives =ith selected metal ion radionucli‘es for investination of

their radioi-~munotheraneutic potential, The cvelic anhvdride techniaue,

u,

illustrated in Fin, 4, apnears to he the ~ethod of choice for the reasons

CH,CO0Y i ' _CEZCOOB

(cg 00)2

HOOCCE CE,CO08 OCCH jor: |
RCE,CE.NCE,CB N

//// 2
2-%2 zz\ 70\ B, C2 NCF‘zmz

gooccgz CHZCOOB OCCH

DTPA DTPA Anhydride

ZCQ\\
vt

co

3 - =1
Protein hnz

C22COOB
HOOCCE . CE_.CONE - Protein
2\\\ // 2 .
’///NCEZCHZNCHZCHZN\k
HOOCCE, : CHZCOOH

DIPA-Protein Conjugate

ovalent attach-ent of D724 to ~rotains via the cvelie DTPA

.......



”~ A1)

Aiecnegad in Section T, s2tactigh =n? ca=rariiese [5A-87) have faund that

Fne—c ctabhle chelates desaite the utilization of one carhnuvl ~roun in

the far=rtion 0f the a~ide H0n’., Tiace four carhouvl ~rouns stilY vamain,
attach~ent of DTP4 onto 2 nratein =oull nrodiuce a net nemative charse, even

after commlexation -rith 2 t=ivalent -etal ion, Tovever, this annarently
does not zffect the biolozical activity of an antibdody or other nrotein,

or instance, fibrinonen has Yeen ~odified in this way =ith no loss of

(2D

activity in the clottine nrocese n» chanze in hiodistridution (47), and 2
~anoclonal sntiYody to colorectal carcinoma has deen coniusated -rith 1.3
==& ~rouns ner antibody —olecule =it onlv 77 deactivation (45). In our

s-eli-inary studies (see Section ©.), colorectal —onoclonal antidbody 17-14

-xas coniumated with up to 4.5 ITPA srouns ver antihedy molecule =rith 7o

1ass 0f i——munolonical activitv,
The exnerizental conlditions Zescrided ia Saction T, for svnthesis and
nurification of the DT2A-counled mnonoc'onil antihodies are exvected to %e

wwite meneral for the monoctlonal ant ivodies and monoclonal antihody

R4

fra~—e-ts to Ye investizazted. “adiolabdeling will be accomplished by ligand

euichange, v adling a buffered solution of the avoronriate radiozctive

~etal ion to the rezction eolutisn eit™er hefore or after ourification from

.
(a3
0
WD
J
]
J
»
-4
h
)
]
(4]
1
n
mh

v, a vrea’ chalate such as citrate =ill he zAded to

fipse matorich hag renavied arest wariahitite in the counliag



”

rotantion of foemanolo~ical for o ~articular

i

ctivitv, The —olar -2tio nse’
~an0ctonnl antibaly il denend nnon the counlin~ efficiency for that
sntitnlv and the snhecific activity of the radionnclide to be nse? as a
Tahel, The numder of BTPA arouns ner antidody ~wlecule will, of course, he
“ent as s=2ll as nossible in order to ~inimize merturbations in the
structure and i-runological activity of the DTPA-counled -onoclonal
antihndies,

If for anv reason the cvclic DTPA anhvrdride techmiaue should he
ansuccessful, ve will counle DT?A to r~onoclonsl antibodies a2nd -~onoclonal

antiboa’y fragments using the misted carbouvearhonie anhviride techniaue

[8)

™

by “reiczrek z2nd co-rrorkers (37) and -olified Sy Paik and co-

oriers (5%) to -rork on the micro scale necessarv for labeline antibodies.

3. “‘onnclonal Antibodies to he "adiplabheled

Zolon carcinoma is the second leadin? cause of cancer deaths in the "nited

"

(52). Memoqranhic data shows that the ace oroup oprimarilv affected by

tnte

121

carciroma of the colon is increasing in size, Thus one —ajor areca of focus of

on of radiolabeled monoclonal antidndies for cancer therapvv will

te

suy investizat
Se on 2o0lon carcinoma,
"zdiola%eling of t-'o —onoclonal antiholies that have exhibited sreat

specificity for the nastrointestinal carcino-as will he nerfor—ed, The

Y.

Yed in Tadle 4{57), The

[

i3dual chearscteristics of tlese to are Jescy

~anaclanal antibodies an? nonoclonal antidodv fraz-ents hich ~re nrnoose to
sty 23?7 he abtained fro-m "he Tiatar Tastitute in Thiladlelnhia, Yennsvlvania.
azrchers at this institute, including Dy, Tennn Stedlews™i, 2
To-iresticfator on this nroiect, have he2en 2t the verv forefront of monoclonal

~mtitadv research 2l 3t from the “ecinnins o0f this wort {see ™r. Stenle-s™i‘s

10717472



vy

he "Tistar Tmstitute has availaBle a nane! of tusor ¢ell lines -yigh z-e

23le tn far= tu~ars in au/na ~ice, ™ase inclule:

Colon carcino=na 11 cell lines
Tastric carcinoma 1 ¢e'Y lines
Pancreztic earcino—a 3 cell lines
“elanoma 29 cell lines
. -
Astrocvtona 5 cell lines
Tung adenocarcino~za 3 cell lines
Treast adenocarcino—a S cell lines

Tur investigatioas with 2nticolorectal carcinn-a moneclonal antihodies =il

Sevin writh 1073-17-18 (17-11), Dtilizing radioi—unoassav to detect bindine o

e

~ouse —onoclenal antibody to live cells Sy using ra®it anti-—ouse T(ah7)q
ra’ioiodinated Io%, 17-1A was %ound (41) to “ia’ selectively to all nine
colorectal carcinona cel? lines studie-’, “orvever, three lun” c2rcinonas, ten

~elano—as, to astrocytomas, one hYreast carcinnm-a, and a manel of other ta—or
3 - ’ H]

an” nor-zl cell lines Aid nat

D

“oress the antingen azainst -"hich the antibody is
‘irected. Thus, specificity of this =onoclonal antihody for colorectal
carcino—a wras de-nnstrated,

Tra -oanclonzl antidordv 17-1A hag heen stulisd fairlv extensively,

-

b4
o

"

“elin~

2

O

2f the monoclonal antidody 17-14 -rit™ T-131 has Seen ac om0 lighed

f1r), Tthaust T-131 is ant 2 eood ehnice of n ralialahel “acouge of i1 vivo

0

tainad

taty

Nrtian, untake of the Taheled antiltady Se uomn colrrectal carciqo—ss s1ns
Ahra=ua

»

The sacond arstrointestinzl —onoclana? antibdadv tna Ye used is 111%="""=12-0,
Tli%a tha 17-14 antiho e, it Selonzs to the T~71 isotvne, Studies in a

rnnnaTanidase svstem have shorn Hindiam of the antihody to szstrie,

1011413



n2merentie 24 eolarectal carcinomas (52), The fintin~ of 2 “i~% gaacifl

fie

tae

rintinn to naivcreatic carcinoma tissue is of ~reat interest, Nur ~roun has had
e:tensive elderience in the Jetection of mansreatic tuors utilizina
sositron-emitting radiophar—aceuticals such as 114-4070 and the resolved
stereoiso~ers of 11C-yalina an- trvotonhan in conjunction with the TCAT
nesitron tomographic imaging svsten. Althoun the frequencv of occurrence of
nancreatic adenocarcinoma is, fortunately, —-uch less gban colon and rectal
carcinnmas, it is a devastating malignaney in ter—s of five-vear survival rates
(1-3%), -hich have sho'm little imnrove-ent over the nast vears. This fieure

Teflects the 2ifficulty in both early detection an? efficacy of therany once

As seen in Table &, one of the t o colorectal ontibodies chosen for studies

is tu-nricidal = a trait which is more ~enerallv associated w—ith antibodies of

-

the 12522 isotyne., This same rmonoclonal antibodvy has under~one Phase I trials

in four nztients with qastric carcinona {53) It anneared generally well

tolerated but ss alvavs with the injectinn of foreisgn nrotein, the question
TATTL,T L

CUATACSTERISTICS AT TUW MONAGIATAY, ANTTIRNITS TN °T STIMITS

TTOTTATTOMAT,
ATrTRAnY 12-7 17-14
Tantune T~ I~722a
onng no no
LRl ves wes
Trar iahibition -n ves
Anti~en: sialuvtated oratein
lacto=""

Tnent Tediun ves no
~ I halhh A g no
I--~nnoneroxidase

Aeravy
Teamen fection ves ves
Pawaffin emhadded,

=it tissues was no
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of cerun sichiness renains, "tilizatina o€ varinladele? —onoclonal antiha-ies

mav Se 2hle to sur-ount tte ruestion of sern~ siciness hv heinr able to use

smaller r~unntities of =roteins,

The third and £inal =monoclonal antibody to “e studied is the znti-melsznoma
antidody 591-1C~109 idisotvne IgRl, This antibody is directe? anainst hu—an

cutaneous nalignant melano~a. It reacts -ith the majority of —elanoma cells

e
=1

teste?d an

-

s

ninally with astrocyto—as. The radioimnunoassayAresults azainst
all other tumors, including colorectal carcinoma, and normal cells twere clearly
en a radiolaheled —onoclonal antibedy is found which has the desired
tumor soecificity, Tab and T(s%")9 fras—ents of that antibodyv, isolated Sy
enzymatic cleavane with panain and sedsia, respectivelv, will be tested to
deter—ine -thether the rate of blood clezrance of the agent is increased rithout
loss of tumor svecificitv.

L, Ta yvitrp testin~ o0f radinla“ele? antibodies

The

ourified chelate~coniuzated nonoclonal aatihodies zad monclonzl
antidody fragments «7ill be sudbiected to an iadirect ratioivwunoassav (TTA
procedure to deter—mine the snecifie “inling of the antihodvy orenarations to

tarzet ca2lls (33,45), ™r, 7, Stenlers™i of The "istar Insitutue in

-

Philatels%ia, 2 To-Invest:
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t Nidne zseicting AT inmwestizators in settinm un the T4

methol,
In the "IA nrocedure, wvarvinm concentrations of the antiboly or

anti%odw franment orenzrztion to “e tested are incubated in -icratiter
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~lates “or 1 Mour 2t room te merature ity 7,5 1 100 rna- cells of the

anorooriate cell line in 177" Y n% nhosohnte=S1%%e-a! saline containinr 57

aza-mantlamline~ic harse serym ant 1."77 endin-

e cells are then

;-a .

1ed three times with ice cold buffer to re-ove undoun? antihodv, and 2

second antidodv acainst monse i—rmnonlobulin T{=%")y Ja“eled -ith I-125
{57,377 com in 39 W) is added to each -rell. tfter incubation for 1 lour
at room temnerature, the cells are washed three ti=mes an? radiozetivity
associated writh the cell pellet is deter—ined., If the activity of I-125
bound to the cells is plotted azainst the lozarithm of the antibody concen-
tration, the fractional antibody bdinding activity can be Zetermined hv
Aividing the concentration of the control antivedy ziving 597 bound

radioactivity by the concentration of the coniug=ted antidody giving the

same percentaze I-125 bound activitvy, This fract

e

oaal idody binding
activity -rill nrovide a go0d neasure of the i—~unalozical activity of the

Aer

[

vatized antibody.

Initially the RIA procedure will bSe carried out on the nurified

coniuzztes both hefore and after radinladelin

'4-

. Torrever, our v»reliminary
studies {sze Zection C€.) have indicated that the presence of the —etal ion

oes not affect the relative irmunoverctivity of the antidbodv premaration,

e relative imunoTeactivity of the racialatala’ T i-coniunated
11ti"a ey arenarations 311 b2 assessze’ Ly a diract PTA avoca2dure in which

tarset cells ave incubate? =-ith wvavwin~ anantitiecs of radio-

1z%eled TT?%-coniuzate” antidody in a total wolu-e »n° 177 11, After 1 honur

2t won te~nerzture and three wvashes -cith enld iffer, the valinactivite

2 L

associate? ity the 11 nellet 18 ennmted
c ¢ e cell pellet 3

-
I

y 3T Lhe Tract



astivity bSound is Jdeter—ined far cach Tilution 2at enmmavad ity the eauiv-

S. "™1or lncalivoting studies

Drali~inarv in vivo testin® =111 consist of studiec to 2ssess the

Tncalization of radiolabelesd antitu—or —anoclnnzal! antivYodies in trans-

o'
[ H
10

¢ tissue

pas

anted tu—ovs Yy scintigranhy and subseeuvent ralioisotodn
Iistridbution analysis., Solid tumors of the anrronriate tvne Sor each
antibody —1ill he nronduced by inoculation of nude mice writh 177 cells of the
anrooriate tumor tyvpe {maintained in tissue culture 2t O7AY), Tor each

r2?inlaheled antitumor ~onoclonal antidody tested, control studies to

m

ss2ss the iwnortance of nonsnecific Hindinsg --i11 he dane usine anti-

influenza ~nnoclonal antihodry laheled --ith the same rationuclide by the

sawe procedure, The radiolzbeled antidolies +ill be dissolved in “enes-

Suffered normal saline eontaining 7% hovine serun albumin znd injected intn

the —jce via the tail vein., Tunr-bea-iar nude —ice 2111 he used for these

stu’ies -vhen the tumors are 5-17 = in “ianeter.

o
(O B4

Serial scintizranhic imates of the 1111?-, 159?5-, end ?%7-laheled
=onoclonzl antibodies =7i11 he ohtaine” using our fearle Tho-famma V gamma
czmera, The serial imane data i1 nrowride the hasis for chonsing zn
2onTonrTinte szcrifice time for further tiscue distrimtion studies =sith

that nartienlar antihodvy devirative, T2113n-=37 citrate 311 he studied

2= ozouslv in each tumor twoe to ovarite a Masis far ce—nariag the tumar

e ratia?

u~toa of

[}

[h)

“eled —onoclnna! antihodies wit

rr
”

M that of this ~idele-
use’ tuwpr—i-acing acent, At the en? o this studv the animals +ill be

ficed, and the tissue 2

e
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ion 0f the ~2dinlahal 1311 ha measuved

v standard =ecma countin: tecnicues,
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o1t =t the ontimal sacrifice time found in the studies with "amma-emittin
For these radionuclides, aloha (T--255 and “s-253) and beta
(v-21) counting techniaues utilizin~ liaui? scintillation counting must %Se
heled anti-influenza zntidody +1ill he etudied as a control,

2s described above. Zach ewnerimental groun =ill consist of five animals,

The tissue Aistribution data obtaire? i1l Ye used in calculations of the

radiation “osimetrv of these radiolabeled antitu-or —wnoclenal antihodies
(s2e Tection 2.7.).

5. Tu~or Tesression Studies
It has been gho'm bSv other investisataers that hvbhridoma-~derived
anticolorectal carcino=a monoclonal antihodies sundress the ~rowth of

adenocarcinomas {55), The studies -revrz carry

=0

eZ out in nude =mice, The
narameters -easured are the ones which -re intend to follow as evidence of
efficacy of the ratdiolabeled -onoclonz! antibodies =~ tuor volume, time
or aznnearance of tumor, and incidence nf tumor,

™vus-deficient 5= to "-ree'i-0ld nude rmice (nu/au, TALR/N backeround)

111 Ye used ns exnerinental aninals., Tumnr cells, zonravimately 197, in

anaranriate edia 231110 he inoculatesd unler the siin of the neclr and

ant 7NN “antrol erauns 711l he iqnculnted wmit i1 npt vreceive the
vrliolnahala? zntihody., Turwor sizes -+i11 he —nitnre? rree™lv hy —easuring
the threes aior dianeters using a ca2liner, The efficacy of the

=217 0%ame e —anaclonal antidody —ill Ne Jetar—ines £lso My changes in the

latancy ~2=ind Yet-reen the contral ~roun fan ~arida’+Y and the sroun



1mavrs c1ill he measured hr cammasian the numher AT tumnse Jevelnned {4 the
t-'o mrou~s, The statisticz! significance of Aifferences het-zen frouns
=311 va “ater—mined using th: “tudent’s  t test,
7. “adiatinon dosimetry esti~ates
"adistion dosimatrv is 21 essential element in nlanninn~ 2 eatment
srotocnl for radinlabeled zntibolies spo that the nhvsician can “eter—ine

o mueh activitv is require?

[}
a

1de

adistion “ose for an indivi?

frem the results of animal st

“els in analvzing the usefuln
the effectiveness of the 4if7
The sta 0f the NNT-TDL
Tenter 1111 marticinate in th
collected to i-mrove the dose
Zp- different razdionuclidic ?

e
1

28 +ell ns doses in nornal

“ecause traditional met-o

MINN techiniecue are not ade-~u=

to achieve the desired effect, Alth

ouzh the

ual natient cannot be accurately caleulated

udies, initial estimates can he —ade that will
ess 0f the Dronosed antihody ant in comdaring
erent Tadionuclidic lahels.,

1ca

f]

Cadionharnaceut Internal Dose Infornation

is studv Hv advising on Jata that should de
estimates and “v calculating radiation doses

abels an? different tvnes and gizes of tu-nrs,
ssuec from activity in the tu—ors,
ds of eunressing radiation doses such as the

te for characterizing the enewny denosition in

tissue at the micrnsconic levrel, another methnd -ust be utilized, The
“ational Zancer Institute {77T) is fundine a three-vear nrosran at “lemorial
Slaan~"letteriny Oancer Centar Iin er Vort to Aevelnn —ethads for
c2lculztin~ the dose fron ralionstive’v Iakele? antiholies, ninev izler,
Srincinal inwestivator fnr twe V2T oraqra—, Mas aoreed to Sevve as an
unnaid enasultant on this ~vanossed nrofact (see letter in Appendix) to
2'ininate zony dunlication of effort and to ensure that the =2thnds use?l for
punzeasin~ enerty Jenositisn 27e in har-ony vith those develoned in the 70T
arporac, This ig extremelw i—aortant in the esmmarison of different aqants
07747

q £



~ ArArA) - Ti~1nw PN al - PN A . e N —y - - - £ at
£ NTOINTH)E 'Y SLTlAr has alld anveos Lo mte mpsanve—entia 9 in

Fer—ium=255 and vttriun=71 in the z2athra-onorntic oanto— Seinn Javelone?

25 mart of the 0T ovosram, This —rill wverifv calzulat:
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2nses to nor—al tissues around the tar~et tissues,

41thoush no funds are requested in this orooosz! for clinical studies,
it is obwious that any radiolabeled antibodies andfor antibody fragments
found in these nreclinical studies to have sufficient notential will Ye

submitted to clinical evaluation. It is eumected that eventual clinical

. LI Q% .
testin® of the ~55rﬁ— andfor *'VY=laheled =onoclonzl anti%o?

X0

es for

4
o]
R
i
o}
Je

-runotherany of cancer +ill he carvried out zt the ‘f—erican

Mcolorical Jospital of the Fou Chase Zancer Tnstitute in Philadelphia,

-

s  Pu-12n Subiects, Nerived ‘Taterials or Nata

Toes not annly,

. Tertebrate Ani-als

"'e mice bearin7 transplanted turors of the anpronriate tvpe for each

radiplaeled —onoclonal antiboiv to he tested -1111 he used for the

o°
[P D)

odistrihution experiments. Annroximately 277 af these 2ni~als ner vear

are evnacted to he renuired, Sacrifice of thess znimals ~rill he necessary

T

nged for 2ani—-21 cave are in full s~cecoardance rith the YT 2y

intigete? in t>e Assurasnce "tsote-ent,

7, fOonsultantg
5 Yatter from Dr, ".%. Yayves, the retired Tezd of Preclinical
hal O B4 .

alipnevmmcentical Develon—ent far NM2T778 *Tetica2l 2nd Tealth Sciences
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Nieision, -ho 1111 he 2 consultant on this aradtect, s attached in the

« fonsortius Arranvenents or Tar~alized TallabSarative Acree—ents

The —aior collaboration involved in this nroiect is between NTAN and
™e "istar Institute (see attached letter fro- "r, Tenon Steniersti, a Co-
Investimztor on this oroiect). This collahorator will ~rovide the
~anoclonal antibodies and monoclonzl 21ti%ody frasments, as ell as the
tumor lines which are renuired for this »roiect, Ye =ill a1§o otk writh
ANAT investigators to set up at CNAY the radioi——unoassav procedure
necessary to verify the retention of zntibodv specificitv after
radiolaheling. The onlv costs to the orogra— -"ill de for Mr. “tenlewski to
malle three visits per vear to NMak Tid-e

In addition, letters fro= Dr, John “isgelorr of Na% "idre ational

Taboratory and Dr, Todnev Tizler of e—orial Slsan-Yettering Zancer Zenter

(*tewr Yor™) are also attached. Dr, “izelar has anreed to nrovide the

=
i~

er—iu=~

‘)
=]
1]
(1]
tu
(14
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55 and einsteiniu~=-25 for this nroiect, and Tr. Bicler has

asreed to grant us access to the moZel na 15 Zdeveloning

poeb
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or th-e “ational

Cancer Tastitute for estimztint the atscrbed ratiztion “os
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APPENDIX

THE WISTAR INSTITUTE

THIRTY-SIXTH STREET AT SPRUCE
PHILADELPHIA, PA. 19104

HILARY KOPROWSKI, M.D. PHONE: (215) 898-3700

CABLE ADDAESS WISTARINST

May 4, 1984

Dr. Lee C. Washburn
Radiopharmaceutical Development
Oak Ridge Associated Universities
Post Office Box 117

Oak Ridge, Tennessee 37830

Dear Dr. Washburn:

This is to confirm my willingness and enthusiasm for our collaboration
in radiolabeling of monoclonal antibodies. I will be happy to serve as a
Co-Investigator with 5% effort, no salary. We will continuously supply you
with purified monoclonal antibodies and I will participate in all experiments,
as designed in the grant proposal.

truly yours,

Zenon Steplewski, MD, D.Sc.

IS:ets

10174819
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May 4, 1984

Dr. Lee C. Washburn
Radiopharmaceutical Development
Medical and Health Sciences Division
Oak Ridge Associated Universities
P.0. Box 117

Oak Ridge, TN 37831

Dear Lee:

I am, as you are aware, very much interested in the progress of the
work with chelating derivatives of tumor-specific monoclonal antibodies
for possible use in radiotherapy of cancer. Should your grant proposal
entitled "Radiolabeled Monoclonal Antibodies for Cancer Therapy" be funded,
I would consequently be delighted to act in a consultant capacity to the
project. My best wishes.

Sincerely yours,

RLH:bb

1077440
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OAK RIDGE NATIONAL LABORATORY POST OFFICE BOX X

OAK R\ . TENNI 7
OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS, INC. DGE. TENNESSEE 37831

May 8, 1984

Dr. Lee C. Washburn
Radiopharmaceutical Development
Oak Ridge Associated Universities
P, 0. Box 117

Oak Ridge, TN 37831

Dear Dr., Washburn:

I would be pleased to work with you on the development of radiolabeled
monoclonal antibodies for cancer therapy. The isotopes to which you referred,
253gg and 255Fm, are produced at ORNL along with other 1isotopes of heavy ele-
ments under the National Transplutonium Element Production Program administered
by the Office of Energy Research of the U.S. Department of Energy. These
nuclides become avallable one or two times a year when groups of targets irra-
diated in the High Flux Isotope Reactor are processed at the Transuranium
Processing Plant. The products of these operations are made available to
interested researchers in the United States upon approval of the Director of the
Division of Chemical Sciences, based on allocations recommended by the
Transplutonium Program Committee, I cannot commit these groups to supply
materials in the future, but it is their policy to make materials available to
qualified researchers if at all possible. As a result of your verbal request
made in October, 1982, you have been allocated tracer amounts of 253gg and 255Fp
from our next campaign, now scheduled for the fall of 1984.

The guantities available in a typical campaign are 0.6 TBq of 253gs and 2.5
GBq of 255Fm, The einsteinium is %gg in excess of your needs. The fermium is
present as the daughter of 40-day Es and could be milked repeatedly from the
mixture of einsteinium isotopes. However, processing losses and decay during
purification, packaging and shipment would limit the amount of 255Fm delivered
to your laboratory to the order of 0.4 GBq (~10 mCi).

We can furnish modest amounts of these isotopes for research and devel-
opment purposes without charge (except for Isotopes Distribution Office handling
charges). Should your requests increase to the point of consuming a significant
portion of our resources, we would have to reevaluate the supply and cost pic-

ture.
Yours very truly,
é.'/.i‘/.;‘ [,1 Sl
J. E. Bigelow, Se.D.
JEB:amsp
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(212) 794-7404
May 14, 1984

Lee C. Washburn, Ph.D.

Scientist

Oak Ridge Associated Universities
Radiopharmaceutical Development Group
Medical & Health Sciences Group

P. 0. Box 117

Oak Ridge, Tennessee 37831-0117

Dear Dr. Washburn:

The purpose of this letter is to confirm our willingness
to collaborate with you and your associates, including Evelyn
Watson and Jack Coffey, in your proposal related to antibody
therapy. The possibility of using fermium-255 attached to
antibodies looks very promising to me.

As you know I am the Principal Investigator for a
National Cancer Institute contract (NO1-CM-37565) titled,
"Dose calculations for cancer therapy using radioactively
labeled antibodies directed to tumor associated and/or
tumor specific antigens”. Within the scope of this contract
we will be happy to assist you in preparing treatment plans
based upon the use of data to be made available by your
proposal. In addition we will be glad to give you the results of
our cellular level dose estimates for 255Fm and to make radiation
dose measurements where appropriate with our dose measuring
instrumentation.

If I can be of further assistance durj
phase of this research, please don't hesis

rg this proposal
e to ask.

Rodney Bigler, Ph.D.

Biophysics Laboratory

Sloan-Kettering Institute for
Cancer Research

1011492

Menorial Slaan-Kettering Cancer Center
1275 York Avenne. New York. New York 10021
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