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FROM THROUGH 

-- 
DETAILED SUDGET FOR FIRST 12 MONTH BUDGET PERIOD 4/01/ 85 3/31/86 

DIRECT COSTS ONLY 
DOLLAR AMOUNT REQUEST ' T I M E / E F FORT 

FRINGE 
CZaSONNEL ikoplrcanr orpanrrarton only/ 

HourrDcr SALARY BENEFITS 
Wcck 

NAME POSITION TITLE 

1 

b I  58.766 1 1 1 . 9 9 h  SUBTOTALS 

CoNSULTANT Raymond L. Hayes, Ph.D. ( r e t i r e d  Head of P r e c l i n i c a l  Radiopharm 
Development for ORAU's Medical and Beal th  Sciences Division) f o u r  consu l t ing  VI 

Corning model MP-6A Mega-Pure S t i l l  (watei p u r i f i c a t i o n  system) w i t h  automatic 
c o l l e c t i o n  b o t t l e  and demineral izer .  

i 

SUPPLI S Ut by u ?gory/ 
h i . d ! s  ty6&l nude mice (3 S11,50 ea; animal care c o s t s  are included in i n d i r e c t  costs.)  $2 , 300 
Chemicals 
Glassware and Tissue Culture  Suppl ies  Radioisotopes 3,000 

1,000 
2,000 

DOMESTIC Attendance a t  s c i e n t i r i c  meettngs 
TRAVEL 

FOREIGN 
IN PAT1 E NT 
OUTPATIENT 

PATIENT CARE COSTS 

ALTERATIONS AND RENOVATIONS llremizc b y  category) 

c ON SORT I UtAlCONTR ACTUAL COSTS / 

Zenon S. Steplewski, M.D., D.M.S., D.S., The Wistar I n s t i t u t e ,  Ph i l ade lph ia ,  
w i l l  serve as a Co-Investigator a t  5% e f f o r t .  
be f o r  h is  t r a v e l  f o r  three t r i p s  t o  Oak Ridge p e r  year  @ $600.00 ea. 

The only expense involved w i l l  

CTHER EXPENSES llremirr by uregurvl 

- Pub l i ca t ion  c o s t s  
0 
4 
-.J 
W 
d 

TOTAL DIRECT COSTS (Also enter on page 1, irem 7)  

198 (Rev. 5/22] PAGE 1 

TOTA Ls 

2,020 
6 ,' /01 
4,100 
2,322 

- ?23> 
9 ,050 

70,760 
zu t i ca l  
t S  

800 

4,000 

8,300 -- 
2 , e o b -  

1,800 

500 



1 s t  BUDGET 
PERIOD 

(from p.pe 41 

BUDGET CATEGORY 
TOTALS 

PERSONNEL f S a k y  m d  
h n g c  bmcfia. l  
(Amlicanr orp.nrrarion onlvl 70,760 

CONSULTANT COSTS 800 

EQUIPMENT 4 , 0 0 0  

SUPPLIES 8,300 

DOMESTIC 2,000 
TRAVEL 

FOREIGN 

PATIENT INPATIENT 

CARE ' 

OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONSORT I UM/ 1,800 
CONTRACTUAL COSTS 

Travel costs are for three i n v e s t i g a t o r s  t o  each a t t e n d  one domestic scientific meeting 
p e r  year,  such as t h e  Annual Congress f o r  Hybridoma Research and n a t i o n a l  and r eg iona l  
a e e t i n g s  of the Society of Nuclear Medicine. 

ADDlTlONAl YEARS SUPPORT REOUESTED 

2nd 3rd 4th 5th I 

80,685 86,335 

8 00 800 

-0- - 0- 
8 I 600 9 ,000  

2,200 2 , 0 0 0  

2,100: 2,400 

The water pu rFf i ca t ion  system requested will provide t h e  u l t r a p u r e  water which is 
requ i r ed  f o r  t h e  chromatographic s e p a r a t i o n s  t o  be done in  t h i s  p r o j e c t .  

J u s t i f i c a t i o n  of Personnel: 
1. Dr. Washburn. t h e  P r i n c i p a l  I n v e s t i g a t o r ,  is a radiopharmaceutical  chemist who vill - 

provide t h e  o v e r a l l  guidance for t h i s  research.  
Dr. Hubnet, a Co-Investigator, 5s a phys ic i an  with s t r o n g  backgrounds in both 
immunology and nuc lea r  medicine. He will provide on - s i t e  l eade r sh ip  in t h e s e  areas. 
Dr .  Crook, a Co-Investigator, i s  a c l i n i c a l  pharmacologist who w i l l  provide expertis 
in t h e  animal b i o d i s t r i b u t i o n  work. 

2. 

3. 

(continued on nex t  page) 



J u s t i f i c a t i o n  of Personnel: (continued) 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

Dr. Steplewski  of The Wistar I n s t i t u t e ,  a Co-Investigator,  is  one of the foremost 
a u t h o r i t i e s  in the area of monoclonal antibody research.  In addi t ion  t o  providing' 
t h e  monoclonal an t ibodies  and tumor lines requi red  f o r  t h e  p r o j e c t ,  Dr. Step lewsk i  
will also work with ORAU i n v e s t i g a t o r s  t o  set up a t  O W  t he  radioinrmtmoassay pro- 
cedure necessary t o  v e r i f y  t h e  r e t e n t i o n  of immunological a c t i v i t y  of t he  anti- 
bodies  a f t e r  de r iva t i za t ion .  

Mr. Coffey, a phys ic i s t ,  w i l l  perform t h e  r a d i a t i o n  dosimetry ca lcu la t ions .  

Dr. Cabot, a biochemist wi th  a s t rong  background in t i s s u e  culture techniques, 
w i l l  maintain in t i s s u e  c u l t u r e  t h e  tumor l i n e s  obtained from The W i s t a r  I n s t i t u t e .  

Mrs. Sun, a bioorganic chemist wi th  e x p e r t i s e  in radiopharmaceutical  synthes is ,  
w i l l  carry out  syntheses such as attachment of che la t ing  groups t o  ant ibodies .  

Mr. Carl ton,  a chemist wi th  many years '  work in radiopharmaceutical  development, is 
experienced in chromatographic sepa ra t ions  of p ro te ins ,  rad io labe l ing  techniques, 
and t i s s u e  d i s t r i b u t i o n  s tud ie s .  

We w i l l  attempt t o  fill t h e  opening f o r a  pos t -doc to ra l  research  a s soc ia t e  with an 
immunochemist o r  p ro te in  chemist who can provide e x p e r t i s e  in t h e  techniques f o r  
r a d i o l a b e l i n g  an t ibodies  on a micro scale. 

Dr. Hayes, t h e  r e r i r e d  Head of ORAU's Radiopharmaceutical Development program, has 
aver 30 y e a r s  experience in this area. 
pharmaceuticals,  physical  characteristics of rad ionucl ides ,  and rad io labe l ing  
techniques.  

H e  has e x p e r t i s e  in tumor-localizing radio- 

He w i l l  be a consul tan t  in t hese  areas ( four  visits p e r  year) .  

1 0 7 1 3 9 4  6 

. .- . . .__.  
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NAME TITLE BIRTHDATE IMo.. Oav, Yr.1 

Lee Cross Washburn S c i e n t i s t  (Chemist) 

~ 

FIELD OF STUDY OEGREE Icmrcla YEAR 
i ~ J F l l Z l T l 0 N  A N 0  LOCATION h i g k t  dep8J CONFERRED 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, Iin in chronological ordw pmviou~ employnwnt. ~rcp.r+ 
mc.. and honors. Include p m m t  memborship on m y  Fedormi Government Public Advisory Comminoe. b s t ,  in chmnologiul order, the titla r d  
comple~r refemncar to all publmtions during thr past throe yoan and to reprmentatim errlier publications p.rrinmt to this opplmtion. DO NOT 
EXCEED TWO PAGES. 
1972 Research Associate,  Chemistry Department, Vand'erbilt University, 

1972 - 1973 

1973 - present  

Nashville, TN 
P r e s i d e n t i a l  In t e rn ,  Medical and Health Sciences Division, Oak Ridge 
Associated Universities, Oak IZidge, TN 
S c i e n t i s t  (Chemist), Medical and Health Sciences Division, Oak Ridge 
Associated Universities, Oak Ridge, TN 

Honors : Alpha Chi;  Shell O i l  Foundation R e d o c t o r a l  Fellowship (1971-1972) 

Publications:  

Washburn, L.C., B l a i r ,  L.D., Byrd, B.L., and Sun, T.T. Comparison of Ga-68 EDTA, 
[i-11C]a-aminoisobutyric ac id ,  and [ ghTc]  sodium pertechnetate  i n  an e x p e r h e n t a l  
blood-brain b a r r i e r  l e s i o n .  J. Nucl. Med. (submitted) 

Washburn, L.C., Sun, T.T., Byrd, B.L., and Callahan, A.P. Resolution of [11C]DL-leucine 
and [llCIDL-tryptopharS by high-performance l i q u i d  chromatography. 
Radiopharm . (submitted ) 

J. Labelled Comp. 

. .  Blank, M.L., Byrd, B.L., Cress, E.A., Washburn, L.C., and Snyder, F. Liposomal 
preparat ions of calcium- o r  zinc-DTPA have a high e f f i cacy  for removing co l lo ida l  
ytterbium-169 from r a t  t i s s u e s .  Toxicology ( i n  press)  

L i t t l e f i e l d ,  L.G., J o i n e r ,  E.E., Colyer, S.P., DuRain, R.J., and Washburn, L.C. 
Evaluations of c e l l u l a r  p r o l i f e r a t i o n  and chromosome breakages a f t e r  in v i t r o  exposure 
of human lymphocytes t o  calcium or zinc DTPA. Radiat. R e s .  (in pres s )  

Washburn, L.C., Sun, T.T., Bprd, B.L., and Kabfllka, G.W. E f fec t  of s t r u c t u r a l  altera- 
t i o n s  on t h e  uptake and clearance of primary a l i p h a t i c  amines in rat lung. 
Compds. 1 9  (No8. 11-12) :1282-1283 , 1982. 

1 

_ -  
J. Labelled 

Washburn, L.C., Sun, T.T., B p d ,  B.L., Rafter,  J.J., Hayes, R.L., R e y ,  LA., and 
Agranoff, B.W. 
b ra in  amino ac id  t r anspor t .  In  Nuclear Medicine and Biology, V o l .  I, C. Raynaud, ed., 
Pergamon Press, P a r i s ,  FranceTl982,  pp. 642-645. 

UC-ACHC, a p o t e n t i a l  agent f o r  pos i t ron  tomographic measurement of 

Kabalka, G.W., Gooch, E.E., HSU, H.C., Washburn, L.C., Sun, T.T., and b y e s ,  R.L. 
Rapid and mild syntheses  of radioiodinated estrogen de r iva t ives  via organoborane 
technology. 
and N. MorcosTeds., Pergamon Ress, New York, 1982, pp. 197-203. 

In Applications of Nuclear and Radiochemistry, Chapter 17, R.M. Lambrecht 
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Publ ica t ions :  (Lee C. Washburn) 

Hcbner, K.F., King, P . ,  Gibbs, W.D., P a r t a i n ,  C.L., Washburn, L.C., Hayes, R.L..and 
Holloway, E. 
computerized tomography i n  p a t i e n t s  w i th  n e o p l a s t i c  diseases .  
Imaging 1980", Vol 11, IAEA, Vienna, 1981, pp. 515-529. 

C l i n i c a l  i nves t iga t ions  wi th  11C-labeled amino ac ids  using pos i t ron  emission 
In "Medical Radionuclide - 

H&ner ,  K.F., King, P. ,  Gibbs, W.B., Washburn, L.C., and Hayes, R.L. Pos i t ron  emission 
computerized tomography: A p o t e n t i a l  t o o l  f6r  in vivo quant i ta t ion  of t h e ' d i s t r i b u t i o n  
of radiopharmaceut icals .  In  Third I n t e r n a t i o n a l  Radiopharmaceutical Dosimetry Symposium, 
E. E. Watson, A. T. Schlafi&Stelson, J. L. Coffey, and R. J. Clout ie r ,  eds . ,  Bureau of 
Radio logica l  Heal th ,  Rockville,  MD, 1981, pp. 77-86. 

Hcbner, K.F. Krauss, S . ,  Washburn, L.C., Gibbs, W.D., and Holloway, E.C. 
w i th  1-aminocyclopentane and 1-aminocyclobutane [ l l C ]  carboxylic ac id  using pos i t ron  
emission computerized tomography. Clin.  Nucl. Med. 6:249-252, 1981. 

Casey, D.L., Digenls,  G.A., Wesner, D.A., Washburn, L.C., h e y ,  J.E., Bayes, R.L., and 
Callahan, A.P. 
and L-phenylalanine. kit. J. Appl. Radiat .  I s o t .  32:325-330, 1981. 

Tlmror de tec t ion  

Preparat ion and pre l iminary  t i s s u e  s tud ie s  of o p t i c a l l y  active C-11-D- 

Kabalka, G.W., Gooch, E.E., Sun, T.T., and Washburn, L.C. A rap id  and mild method f o r  
l a b e l i n g  f u n c t i o n a l l y  subs t i t u t ed  molecules wi th  iod ine  radionuclides.  J. Labelled 
Compd. Radiopharm. 18:117-118, 1981. 

Washburn, L.C., Bingenberg, R.E., S u n ,  T.T., d Hayes, R.L. UC-Labeled l - d n o -  
cyclohexanecarboxylic ac id  (llC-AQlC), a p o t e n t i a l  agent f o r  s tud ie s  of amino ac id  
t r a n s p o r t  i n  t h e  bra in .  3. Labelled Compd. Radiopbarm. 18 (Nos. 1-2):13-14, 1981. 

Blank, M.L., Cress, E.A., Byrd, B.L., Washbum, L.C., and Snyder, F. Liposomal encap- 
s u l a t e d  Zn-DTPA f o r  removing intracellular 16%. 

Bcbner, LF., Andrews, G.A., Buonocore, E., Bayes, R-L,, Washburn, L.C., Collmann, I.R., 
and Gibbs, W.D. 
g raphic  imaging of t he  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-Aminocyclob& ' , 
tane [Ik] carboxyl ic  ac id ,  a p o t e n t i a l  agent  f o r  tumor loca l i za t ion .  
20:1055-1061, 1979. 

Health Physics 39: 913-920, 1980. 

CariFon-11-labeled amino a c i d s  f o r  t he  r e c t i l i n e a r  and pos i t ron  tomo- 

3. Nucl. Med. 

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler ,  T.A. 
l l C ]  t ryptophan,  a p o t e n t i a l  agent f o r  panc rea t i c  imaging: 
i n v e s t i g a t i o n s .  J. Nucl. Hed. 20:857-864, 1979. 

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., But ler ,  T.A., and Callahan, A.P. 
High-level production of C-11-carboxyl-labeled amino acids.  - In Radiopharmaceuticals 
If, SOC. Nucl. Med., New Pork, 1979, pp. 767-777. 

DL-[Carboxyl- 
production and p r e c l i n i c a l  

Washburn, L.C., Sun, T.T., Anon, J .B. ,  and Hayes, R.L. Effect of s t r u c t u r e  on tumor 
s p e c i f i c i t y  of alicyclic a-mino ac ids .  Cancer Res. 38:2271-2273, 1978. 

Washburn, L.C., Wieland, B.W. , Sun, T.T., Hayes, R.L., and Butler ,  T.A. [l-llC]DL- 
V a l i n e ,  a p o t e n t i a l  pancreas-imaging agent .  J. k c l .  Med. 19:77-83, 1978. 

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Anon, J.B., Bu t l e r ,  T.A. and 
Callahan, A.P. 
Appl. Radiat .  Isotopes 29:186-187, 1978. 

Synthesis and p u r i f i c a t i o n  of 11C-carboxyl-labeled amino acids.  Int. J. 
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Clinical  Pharmacologist James Edward Crook 

EDUCATION (Begin mrh bucdaumere or other inird proferrionel8duation and include portdocroral mmnql  r 
YEAR I FIELD OF STUDY 

MNFERRED 

O M ,  a d  honm. lndudo p m t  membrrhip on any F . d r r d  Cmmmont Public A&IMT~ Committu. List, in ~ r o n o l o g ~ u l  W .  tho tltles m d  
complete references to dl publications during tho past t h r n  y e m  and to mpRunutiw url ior  publiutions pninent to th is  .ppllcltton. Do NOT 
EXCEED Mo PAGES. 

1964 - 1966 Laboratory S c i e n t i s t  ( c l i n i c a l  chemistry and cbagulation) 
University of Maryland Shock-Trauma Research Center, 
Baltimore, MD 

1967 - 1974 Physical Science Technician, United States Public 
Health Service Hospital ,  Baltimore, MD 

1979 - 1980 Assistant Director  of C l i n i c a l  Pharmacology, 
USV Laboratories,  Tuckahoe, NY 

1980 - 1983 Assistant Professor of Medicine, Assis tant  Professor 
of Pharmacology and Toxicology, Medical Co l l ege  of 
Wisconsin, Milwaukee, WI 

1980 - 1983 S ta f f  Physician,  VA Medical Center, Wood (Milwaukee), WZ 

1983 - presen t  Director of Radiopharmaceutical Development and 
Preclinical Nuclear Medicine, Assis tant  Director of 
Clinical Nuclear Medicine, Medical and Health Sciences 
Division, Oak Ridge Associated Un ive r s i t i e s ,  
Oak Ridge, TN . 

i 

Honors : University of Maryland Graduate School Fellowship 

Pub l i ca t ions  : 

Crook, J.E. and Mroczkowski, P.J. Red C e l l  Na-K Cotransport: Dose-Response Effects  of  
Furosemide Inh ib i t i on  i n  Black and White Hypertensives. 
n a t i o n a l  Conference on Diure t i c s ,  Elsevier Science PublisEnng Co., N.Y. 1984 (in p r e s s )  

Crook, J.E. and Mroczkowaki, P.J. 
Erythrocyte  Sodim-Potassium @-Transport in White and Black Normotensives and Hyper- 

In Proceedings The F i r s t  Inter- 

- 
Dose Response Ef fec t s  of Furosemide Inh ib i t i on  on 

A tensives. C l i n .  Res. 32:204A, 1984 
W 

Crook, J.E. and Mroczkowaki, P.J. 
Exposure t o  a New Calcium Entry Blocker - Nitrendipine. 
Symposium on Calcium Entry Blockers and Tissue Protect ion,  Rome, I t a l y ,  1984. 

Increased Red C e l l  Na-K ATPase Activi ty  Followfng 
Presented, International 
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Crook, J.E. and Mroczkowski, P.J. Red C e l l  Na-K Co-Transport: Dose-Response Ef fec t s  
on Furosemide I n h i b i t i o n  in Black and White Hypertensives. Presented, F i r s t  In te r -  
na t iona l  Conference on Diure t ics ,  M i a m i ,  F lor ida ,  1984. 

Crook, J .E. ,  Mroczkowski, P.J. and G i l l ,  J. Decreased Furosemide Sens i t i ve  Sodium- 9 

Potassium Co-Transport i n  Sickle Trait Red Cells from Hypertensive Subjects .  Clin.  
Res .  31:730, 1983. 

Crook, J.E., Feix,  J. and Mroczkowski, P.J.  Red C e l l  Membrane F l u i d i t y  in Essen t i a l  
Hypertension. C l h .  Res .  31: 730A, 1983. 

- 

Crook, J.E. and Mroczkowski, P.J. Erythrocyte Co-Transport in White and Black Hyper- 
tens ive  Subjects.  Clin. R e s .  30:733A, 1982. 

Crook, J.E. and Robertson, D. and Wharton, R Prostaglandin Suppression: I n a b i l i t y  t o  
Correct Severe Id iopa th i c  Or thos t a t i c  Hypotension. - - -  South. Med. J. 74:318-320, 1981. 

Shevitz,  S.A., Jamieson, R.C., P e t r i e ,  W.M. and Crook, J.E. Compulsive Water Drinking 
Treated wi th  High Dose Propranolol.  

Davis, B.A., Crook, J .E . ,  Vestal, R.E. and Oates, J.A. The Prevalence of Renovascular 
Hypertension in P a t i e n t s  wi th  Grade I11 and IV Hypertensive Retinopathy. - 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. 
1599, 1979. 

Crook, J.E. 
1979. 

- - - - -  J. Ne=. M e n t .  D i s .  168:246, 1980. 

2. Engl. 2. 

South. Med. 2. 72: 

Id iopa th i c  P u l m o n a r y  Oss i f ica t ion .  2. Tenn. Med. Assoc. 72:668, September, 

Crook, J.E. and Nies, A.S. Drug I n t e r a t i o n a w i t h  Antihypertensive Drugs. 
72, 1978. Reprinted-in New Ethicals and Medical Progress,  February, 1978. Selected 
f o r  a b s t r a c t i o n  in t h e  Digests ,  1978. 

Davis, B.A., Crook, J.E., Vestal, R.E. and Oates, J.A. Occurrence of Renovascular 
Hypertension in  P a t i e n t s  wi th  Malignant Hypertension and Accelerated Hypertension. 
Resen ted  before  t h e  American H e a r t  Association. 
November, 1978. 

Drugs 15: 

51st  Annual S c i e n t i f i c  Session, 

I- 
O 
I 
0 n 

Crook, J .E.  and Dietz ,  A.J., Jr. 
Related Stimulant and Depressant 11. Fed. Proc. 30:495, 1971. Presented a t  FASEB, 
55th Annual Meeting. 

Neurochemical Changes in Response t o  a S t ruc tu ra l ly  

Crook, J.E. and Dietz ,  A.J., Jr. 
Related Stimulant and Depressant; Fed. Proc. 29:485, 1970. Presented a t  FASEB, 
54th Annual Meeting. 

Neurochemical Changes in Response t o  a S t r u c t u r a l l y  

Crook, J.E. and McLaughlin, J.S. Methyl Alcohol Poisoning. J. Occup. Med. g : 4 6 7 ,  1966. 
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NAME ]TITLE Assis tant  Chairman, I BIRTHDATE Wo., Ow, Yr.)  

FIELD OF STUDY DEGREE Icirrle YEAR 
hrphur de9twJ CONFERRED INSTINTION AND LOCATION 

1 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concludinp with present position. list in chronolopiul ordw previous emoloyment, exp.ri- 
MC.. and honon. Include PMM~ memborthip on m y  Fedrral Gowmment Public Advisory Committee. List, in chronologiul order, the titles 8nd 
complete refemnces to all publiutionr during the past thrn y u n  and to mpnuntrtiw urlirr publications pertinent to this appliution. 00 NOT 
EXCEED TWO PAGES. 
1960 - 1961 

1962 - 1964 

1964 - 1967 
1967 - 1970 

1971 - 10173 

1973 - 1974 

1975 - present  

. -  1977 - 6/82 

1982 - present  

Honors : 

Internship ( r o t a t i n g )  a t  2nd General Hospital  of t h e  U.S. Army and a t  t h e  
86th Tac t i ca l  Hospi ta l  of t h e  U.S. Air Force, Germany. 
Resident in C l i n i c a l  Inves t iga t ion ,  Medical Division, Oak Ridge I n s t i t u t e  of 
Nuclear Studies (now Oak Ridge Associated U n i v e r s i t i e s ) ,  Oak Ridge, TN 
Resident i n  P e d i a t r i c s ,  University of f ibingen,  Medical School, Germany 
Research Associate in Experimental Immunology, Medical Division, Oak Ridge 
Associated Un ive r s i t i e s ,  Oak Ridge, TN 
Senior Staff  Member with Cl4nica.l S t a f f ,  Medical Division, Oak Ridge 
Associated Universities, Oak Ridge, TN 
Senior Research S c i e n t i s t ,  Medical and Health Sciences Division, Oak Ridge 
Associated Universities, Oak Ridge, TN 
Director,  Outpat ient  Nuclear Medicine, Medical and Eeal th  Sciences Division, 
Oak Ridge Associated-Universi t ies ,  Oak Ridge, TN 
Director,  Radiation Ehergency Assistance Center/Training S i t e ,  Oak Ridge 
Associated Universities, Oak Ridge, TN 
Assistant Chairman, Medical 6 Health Sciences Division, Oak Ridge Associated 
Universi t ies ,  Oak Ridge, TN 

1954 - "Scheffel P re i s "  for History and German (High School); 1959 - M.D. 
Degree, Summa cum laude,  Heidelberg University; 1979 - American Men and 
Women i n  Sciences; l i s t e d  i n  Guide t o  Energy S p e c i a l i s t s ,  Intl.  Environment 
Information 

Publ icat ions:  

Hcbner, K.F. and Lushbaugh, C.C. Rad ia t ion . in ju r i e s .  
eds, E. E. Moore, B. Eiseman,  and C. W. Van Way 111, S t y b u i s ,  The C. V. Mosby Co., 

In  Critical Decisions in Trauma, 

1984, pp. 452-457. 

Lushbaugh, C. C., Hcbner, K.F., Ricks, R. C., Saenger, E.L., and Wald, N. Panel discussion: - Session IV Care of t he  radiation-exposed and injured. Bull. N.Y. Acad. Med. 59:1141-1149, 
0 1983. 
2 

Eiibner, K.F. Radiation in ju ry ,  In Pharmacologic Approach t o  the C r i t i c a l l y  I11 P a t i e n t ,  
L,.J (B. Chernow and C. R. Lake, eds.)Williams and Wilkins, Baltimore, 1983, pp. 707-714. 

a 
-0 

Ecbner, K.F., F q ,  S.A., and Lushbaugh, C.C. Biological e f f e c t s  of r a d i a t i o n  in man. - In Funk C Wagnalls New Encyclopedia, ed. R. S. Phi l l i p s ,  New York: Funk h Wagnalls, 
1983, pp. 69-70. 
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Publ ica t ions :  (Karl F. Hibner, M.D.) 

Hayes, R.L. and Hcbner, K.F. Basis f o r  t h e  c l in ica l  use  of gall ium and indium radionu- 
clides. In Metal Ions and Biological  Systems, (H. Sige l ,  e d . ) .  New York, Marcel Dekker, 
bC., 16 :279-315, 1983. d 

Berger, M.E. and HSbner, K.F. Excessive exposure t o  r a d i a t i o n  i n  t h e  hea l th '  environment: 
d iagnos t ic  t e s t i n g .  Am. J. Nursing 83:1155-1159, 1983. 

Hiibiier, K.F. and Buonocore, E. 
Radiology, 3rd Edi t ion,  Earshberger, S. E., ed., The C. V. Mosby Company, S t .  Louis, MO, 

' 

Posi t ron  emission tomography (P.E.T.). &Alimentary Tract 

1983, pp. 2486-2494. 

Pry, S.A., Lushbaugh, C.C., and HGbner, K.F. An o v e r v i e w  of r a d i a t i o n  acc idents  and in- 
j u r i e s .  I n t .  J. Nucl. Med. and Biol .  9:152-153, 1982. 

DuFrain, R.J., Batson, J .S. ,  Jo ine r ,  E.E., Colyer, S.P., L i t t l e f i e l d ,  L.G., and ESbner, K.F. 
Cytogenetic assessment of r a d i a t i o n  s e n s i t i v i t y  i n  lymphocytes from indiv idua ls  wi th  
Huntington's chorea. RadFat. R e s .  91:301-303, 1982. 

Pa r t a in ,  C.L., Hcbner, K.F., Price, R.R., Pat ton,  J.A., Erickson, J.J. , Pickens, D.R. , 
Hayes, R.L., and James, A.E., Jr. Funct ional  mapping of the  brain:  Pos i t ron  emission 
tomography and nuc lear  magnetic resonance imaging. 
11th  Annual Symposium o n . t h e  Sharing of Computer Programs and Technology i n  Nuclear Medi- 
cine, P.D. Esser, ed.,  New Pork, Society of Nuclear Medicine, 1981, pp. 13-19. 

Lushbaugh, C.C., HGbner ,  K.F., and Fry, S.A. The impact of es t imates  of human r a d i a t i o n  
to le rance  upon r a d i a t i o n  emergency management. & The Control of Exposure of t h e  Publ ic  
t o  Ionizing Radiation i n  the  Event of Accident o r  Attack; Proceedings of a Symposium 
Reston, V i r g i n i a ,  1981. National Council on Radiat ion Protect ion,  Bethesda, MD, 1982, 

&Func t iona l  Mapping of Organ Systems, 

pp. 46-57. 

HGbner, K.F., Purvis,-J.T., Mahaley, S.M., Jr., Robertson, J.T.,  Rogers, S., Par t a in ,  C.L., 
Gibbs, W.D., and King, P. Brain tumor imaging by pos i t ron  emission computerized tomo- 
graphy (ECT) using C-11 labeled amino acids .  J. Cornput. Asst. Tomogr. 6:544-550, 1982. 

Pa r t a in ,  C.L., Pr ice ,  R.R., James, A.E., Jr. HGbner, K.F., Mahaley, M.S., S c a t l i f f ,  J.H., 
and Robertson, J.T. Posi t ron emission tomography: b ra in  tumor imaging us ing  carbon-11 
amino acids .  
Sympoeium, H e i z l b e r g ,  Germany, I n t e r n a t i o n a l  A t o m i c  Energy Agency, V i e n n a  I:397-398, 1981. 

In Medical Readianuclide Imaging 1980, Proceedings of 811 I n t e r n a t i o n a l  

Hcbner, K . F . ,  Krauss, S., Washburn, L.C., Gibbs, W.D., and Holloway, E.C. Tumor de tec t ion  
with l-amhocyclopentane and l-aminocyclobutane [Ik] carboxyl ic  ac id  using pos i t ron  emis- 
sion computerized tomography. Clin. Nucl. Med. 6:249-252, 1981. 

Ecbner, K . F . ,  King, P., Gibbs, W.D., Washburn, L.C., and Hayes, R.L. Pos i t ron  emission 
computerized tomography: a p o t e n t i a l  t o o l  f o r  in v ivo  quan t i t a t ion  of t h e  d i s t r i b u t i o n  of 
radiopharmaceuticals.  
Dosfmetry Symposium, O a r u d g e ,  Tennessee, 1980, E.E. Watson, A. T. Schlafke-Stelson, 
J. L. Coffey, and R. J. Clout ier ,  eds. ,  Rockvi l le ,  MD. HSS Publicat ion FDA 81-8166, U.S. 
Bureau of Radiological  Eeal th ,  Food and Drug Administration, 1981, pp. 77-87. 

H;;bner, R.F., King, P., Gibbs, W.D., Pa r t a in ,  C.L., Washbum, L.C., Hayes, R.L., and 
Holloway, E. Clinical inves t iga t ions  wi th  11C-labeled amlno ac ids  using pos i t ron  
emission computerized tomography in p a t i e n t s  with neop las t i c  diseases.  
Radionuclide Imaging 1980, Vol 11, IAEA, V i e n n a ,  1981, pp. 515-529. . 

.Zn Proceedings of t h e  Third International Radiopharmaceutical 

Medical 
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NAME I TITLE 

Jack L. Coffey - .- S c i e n t i s t  (Health Phys ic i s t )  

' INSTITUTION AND LOCATION DEGREE k i d 8  
hiu/wrf domal 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concludinp with prernt position, list in chronotqical0rd.r prmous emoloytnent, e m n -  
en-. and honors. Include prarwt membership on any F e r a l  Government Public Advisory Committr. bn. in chronolog~d OM. the tidr end 
complete rdtrenees to ell publications dunng the past thma yean and to representative earlier publications peninent to t h i s  applmion. DO NOT 
EXCEEDTWOPAGES. 

1971 - 1973 Laboratory Assistant, Cumberland College, Williamsburg, ICY 
1973 - 1974 I n d u s t r i a l  Engineer, Henry I. Siege1 Co., Inc. ,  Bruceton, TN 
1974 - 1982 

1982 - 1984 

1984 - present  Heal th  P h y s i c i s t ,  Manpower Education, Research and Training Division, 

Heal th  P h y s i c i s t / I n t e r n a l  Dosimetr is t ,  Manpower Education, Research 
and Training Divis ion,  Oak Ridge Associated Un ive r s i t i e s ,  Oak Ridge, TN 
Medical P h y s i c i s t ,  Medical and Health Sciences Divis ion,  Oak Ridge 
Associated Un ive r s i t i e s ,  Oak Ridge, TN 

Oak Ridge Associated Universities, Oak Ridge, TN 

FIELD OF STUDY YEAR 
CONFERRED 

Publ ica t ions  ( se lec ted)  : 

Coffey, J.L., Hayes, R.L., Ra f t e r ,  J.J., Watson, E.E., and Carl ton,  J.E. Radiation 
Dosimetry and Chemical Toxic i ty  Considerations f o r  Tc-99. Health Physics  46:2: 
418-422, 1984. 

Wirth, N., Swanson, D., Shapiro,  B., Nakajo, M., Coffey, J.L., Eckhauser, F., and 
OWJrang, C. 
Studies.  J. Nucl. Med. 24:6: 511-514, 1983. 

A Conveniently Prepared Tc-9% Resin f o r  Semi-Solid Gastric Emptying 

S t a t h i s ,  V.J., Mil l e r ,  C-M., Doerr, G.F., Coffey, J.L., and Hladilc, Wm. B. 111 
Effec t  of Technetium Tc-9% Per techneta te  on Bacterial Survival  in Solut ion.  
h.J. HOSP. Pharm. 40: 634-637, 1983. 

Coffey, J.L., Eolloway, E.C., and Hiibner, K.F. Advantages and Disadvantages of Three 
Dif fe ren t  Ring Source Designs f o r  U s e  in Posi t ron  Tomography. 
1983. 

J. Nucl. Med. 24:P103, 

Washburn, L.C., EUbner, K.F., Sun, T.T., Byrd, B.L., Coffey, J.L., and Callahan, A.P. 
C-ll-Tryptophan, a P o t e n t i a l  Agent f o r  Diagnosis of Pancreat ic  Disease Using PET. 
J. Nucl. Med. 24:P121, 1983. 

Som, P., Oster, Z.H., Sr ivas tava ,  S.C., Yamamoto, K., Meinken, G.E., Yonekura, Y., 
Sakker, D.F., Richards,  P., B r i l l ,  A.B., Coffey, J. , Carlton, E., and HUbner, K.F. 
The Ef fec t  of Carrier Amphetamine and KI on t h e  Biodis t r ibu t ion  of Iodoamphetamine. 
J. Nucl. Med. 24:P118, 1983. 

Coffey, J.L., Knapp, P.F., Jr. and Goodman, M.M.: 
for a New Myocardial Agent 1-123-15-(p-Iodophenyl)-6-Tellura-pentadecanoic Acid. 
J. Nucl. Med. 23:P68, 1982. . 

I 

Radiation Absorbed Dose Estimates 
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Publications: (Jack L. Coffey) 

mffey, 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. 

Cofkey, J.L. and Watson, E.E. 
Heart Wall and Heart Contents as Source Organs. 
Radiopharmaceutical Dosimetry SymposLum. 
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. 

S Values for Selected Radionuclides and Organs with tie 
Ip Proceeding9 of ThirdlInternational 

WS Pubxcation FDA-dl-8166, ~ p .  563-594, 

1 .  

Elmaleh, D.L., Knapp, F.F., Jr., Yasuda, T., Coffey, J.L., Kopiwoda, S., and Strauss, 
H.W. Myocardial Imaging with Te-123m-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. Hed. 6:162, 1981. 

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

Proceedings of Symposium 

Eayes, R.L., Byrd, B.B., Rafter, J.J., Carlton, J.E., and Coffey, J.L. 
Detection of Inflammatory-Lesions. In Proceedings of IAEA International Symposium . 
on Medical Radionuclide Imaging. HeEelberg , 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-123m-Labeled Adrenal-Imaging Agents. J. Nucl. Med. 

Yb-169 for 

21:454-458, 1980. 
. .  

Coffey, J.L. and Knapp, F.F., Jr. Radiation Dosimetry of Sn-117m Labeled 23- 
(Trimethyl-stanna)-24-nor-5 -cholan-3 -01 (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. 
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. 
from Thallirmr201. J. Nucl. Med. 20:607, 1979. 

Estimates of Specific Absorbed Fractions 

Contribution of Contaminants to the Radiation Dose 

Watson, E.E., Coffey, J.L., Schlafke, A.T. and Cloutier, R.J. 
of Bibliographic Entries on Radiopharmaceuticals. 

A Computer Data Base 
J. Nucl. Med. 20:607, 1979. 



,INCIPAL INVESTlGATOR/PROGRAM DIRECTOF( ee c *  Washburn 

.- .? BIOGRAPHICAL SKETCH 
Give the following information for key professional personnel listed on pagc 2, beginning with the 

Principal InvertigatorProgram Director. Photocopy this page for each person. 

NAME TITLE BIRTHDATE IMo.. Day, Yr.) 

INSTITUTION AND LOCATION 

I I -- I- 
~~ ~~~~~ 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: ComludinQ with prcunt position, list in chronolwical order prcvious cnrploymnt, exp.ri- 
e m .  and honors. lncludr present mombwrhip on any F a r a t  Gowmment Public Advisory Committw. List, in chronological ordw, the titln and 
c o m ~ l t t r  references to all publications during the wit three yeen 8nd to rrprcrclntrtiw earlier publications PeItinmt to t h i s  application. DO NOT 
EXCEED TWO PAGES. 
1981 - 1984 

1978 - ,1981 

1976 - 1978 

1975 - 1976 
1970 - 1972 

Honors : 

Publications: 

Senior Staff Scientist, Medical and Health Sciences 
Division, Oak Ridge Associated Universities, Oak Ridge, TN 

Scientist I, Medical and Health Sciences Division, 
Oak Ridge Associated Universities, Oak Ridge, TN 
(Biochemist, April 1979) 

Damon Runyon-Walter Winchela Postdoc. 
Research, Medical and Health Sciences Division, Oak 
Ridge Associated Universities, Oak Ridge, TN 

Instructor; 1974-1976: Assistantship; 1972-1974, 
Fellowship-The Hebrew University Jerusalem, Israel. 

Graduate Assistantship; 1969-1972, Laboratory Assistant- 
Western Carolina University, Cullowhee, NC 

Member-American Society of Biological Chemists, Sigma xi 
Research Award (1972, Masters Thesis); Mstinguished 
Alumni Award, Western Carolina University. 

Fellow in Cancer 

Cabot, M.C. ,  paulkaer, L.A. ,  Lackey, R.J., and Snyder, F. Vertebrate class distribution 
of l-alkyl-2-acetyl-~-glycero-3-phosphocholine acetylhydrolase in sennu. Ccrmp. 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., Lee, T-c, Blank, M.L., Cabot, M . C . ,  Malone, B. and Albert, D.H. Enzymatic 
pathways for platelet activating factor (Proceedings of the 1st International Symposi~l - 

Q on Platelet-Activating Factor, 1983, Paris, Elsevier Biomedical Press, Amsterdam), 
-A MSERM (Inst. Nat. Sante Rech. Med.) Symp. (in press) 
4 

Cabot, M.C. 
Cancer Res. 43:4233-4238, 1983. 

Effect of cellular phospholipid modification on phorbol diester binding. 

W 



PFINCIPAL INVESTIGATOR/PROGRAM DIRECTOR OR AWARD CANDIDATE (Last. first mrddlel 

Washburn, Lee Cross 

SOCIAL SECURITY NUMBER 

Publicat ions:  (Myles C. Cabot) 
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h e s o n ,  R.M., Wander, J . D . ,  Cabot, M.C., Tan, E.L., Shenley, R.L., and Hsie, A.W. 
Resistance t o  l i p i d  peroxidation by cul tured neop las t i c  c e l l s .  
in Cancer, (McBrien, D.H.C. and S l a t e r ,  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. 
12-0-tetradecanoylphorbol-13-acetate. - Cancer Le t t .  19:165-172, 1983. 

In: Protect ive Agents 

Serum l i p a s e  active i n  the hydrolysis of t he  tumor promoter, 

Cabot, M.C., Blank, M.L., Welsh, C.J . ,  Horan, M . J . ,  Cress, E.A., and Snyder, P. 
of l-alkyl-2-acetyl-sn-glycero-3-phosphocholine - by ce l l  cu l tu re s .  L i f e  S c i .  31:2891-2898, 
1982. 

Metabolism 

Cabot, M.C., Welsh, C . J . ,  and Snyder, F. Increasing t h e  levels of ether-linked l i p i d s  in 
L-M cells by g lyce ry l  e t h e r  supplementation depresses growth and .chol ine u t i l i z a t i o n .  
Biochem. Biophys. Acta 713:16-22, 1982. 

Welsh, C . J . ,  Sayer, A.M., L i t t l e f i e l d ,  L.G., and Cabot, M.C. Modification of l i p i d  a c y l  
groups by serum depr iva t ion  does not  a f f e c t  phorbol ester-induced d i f f e r e n t i a t i o n  of 
human leukemia cells. Cancer L e t t .  65:145-154, 1982. 

Cabot, M.C. and Welsh, C.J. Fa t ty  acid me_tabolism in phorbol e s t e r -d i f f e ren t i a t ing  human 
leukemia cells.  Cancer Res .  41:4910-4915, 1981. 

Cabot, M.C. and Welsh, C.J.  
cholanthrene-transformed clone. Arch. Biochem. Biophys. 211:240-244, 1981. 

Ether l i p i d  s t u d i e s  i n  mouse C3HLlOTl/2 cells and a 3-methyl- 

Cabot, M.C. and Lumb, R.H. The a c t i v i t y  of a low temperature l i p a s e  in t h e  larrrae of 
Sarcophaga b u l l a t a  (Diptera:Sarcophagidae) Comp. Biochem. Physiol. 68B:325-328, 1981. 

Cabot, M.C. and Goucher, C.R. Chaulmoogric acid: Assimilation i n t o  the  complex l i p i d s  
of mycobacteria.Lipi& 16:146-148, 1981. 

Cabot, M.C., Welsh, C.J., Callaham, M.F., and Huberman, E. Al terat ions i n  l i p i d  metabolism 
induced by 12-~tetradecanoylphorbol-l3-acetate i n  d i f f e r e n t i a t i n g  human myeloid leukemia 
cells. Cancer Res.  40:3674-3679, 1980. L 

Cabot, M.C. and Snyder, F. Manipulation of a lkylglycerol ipid levels i n  cultured cells:  
F a t t y  a lcohol  ve r sus  a lky lg lyce ro l  supplements. Biochem Biophys. Acta 617: 410-418, 1980, 

Cabot, M.C. and G a t t ,  S. The hydrolysis of t r i a c y l g l y c e r o l  and diacylglycerol  by rat 
b r a i n  microsomal l i p a s e  with an a c i d i c  pH optimum. Biochim. Biophys. Acta 530:508-512, 1978 

Cabot, M.C. and Snyder, F.- The manipulation of f a t t y  acid composition in L-H c e l l  monolayer 
supplemented wi th  chaulmoogric acid.  Arch. Biochem. Biophys. 190:838-846, 1978. 

Cabot, M.C. and G a t t ,  S. Rat b r a i n  microsomal l i p a s e  a c t i v i t y .  Adv. BQ. Med. Biol. 101: - 101-111, 1978. 
a 

Cabot, M.C. and G a t t ,  S. Hydrolysis of endogenous diacylglycerol  and monoacylglycerol by 
l i p a s e s  in rat brain microsomes. Biochem. 16:2330-2334, 1977. 

Cabot, M.C. and G a t t ,  S. Hydrolysis of n e u t r a l  glycer ides  by l i p a s e s  of rat brain microsomes 
-F 

-cl=- Biochem. Biophys. Acta 431:105-115, 1976. 

PHS 398 (Rev. 5/82] PAGE& 



tINCIPAL INVESTICATORIPROGRAM DIRECTOF. 1.- c. Washburn 
BIOGRAPHICAL SKETCH 

Give the following informitton for key professional pcrsonnal listed on page 2, beginhing with the 
Principal Invcstigator/Prognm Director. Photocopy this page for each person. 

NAME (TITLE I BIRTHDATE Wo., 08~. Yr./ 

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

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present paition, list in chronologial order prowous mploymen~xpen-  
MC., and h w m .  lncluda preaent membrrhip on any Fedef8I Gowmment Public Aduirory Committrr. L i n ,  in chronoloplul odn, the tnln 8nd 
CmpLete rderenm to 811 publluttons during the pert t h r n  ye8n 8nd to npreaont8tive errlnr pubhations pertinent to t h i s  Sprmion. Do NOT 
EXCEED TWO PAGES. 

1953 - 1963 
1963 - 1966 Adjunct, Dept. of Tumor Biology, I n s t i t u t e  of Oncology, Glivice, Poland. 
1966 - 1968 Vis i t i ng  S c i e n t i s t ,  The Wistar I n s t i t u t e ,  Philadelphia,  PA. 
1969 - 1973 Head, Tumor V i r u s  Laboratory, Dept. of Tumor Biology, I n s t i t u t e  of 

1973 - 1977 Associate S c i e n t i s t ,  The Wistar I n s t i t u t e ,  Philadelphia.  
1977 - 1984 Associate R o f  e s s o r  , The-Wistar I n s t i t u t e ,  Philadelphia.  
1984 - present  Professor,  The Wistar I n s t i t u t e ,  Philadelphia. 
HONORS: 
1970 - 1973 Several awards from t h e  Pol ish Ministry of Health and Po l i sh  S c i e n t i f i c  

Societ ies .  
1970 - 1973 Cormnittee of Cell Biology and Tumor Biology, P o l i s h  Academy of Sciences 
1980 Editor ,  Hybridoma; Edi tor ,  Monoclonal Antibody News. 

Research Ass i s t an t  and Senior Assis tant ,  Dept. of Histology and 
Embryology, S i l e s i a n  Medical School, Zabrze, Poland. 

Oncology, Gliwice. 

DEGREE lcrnlr 
hi-r &#me) INSTITUTION AND LOCATION 

PUBLICATIONS : (selected) 

Adam, D.O., H a l l ,  T., SteplewsM, Z., and Koprowski, H. Tumors undergoing r e j e c t i o n  
induced by monoclonal ant ibodies  of t h e  IgGZa isotype contain increased numbers of 
macrophages ac t iva t ed  f o r  a d i s t i n c t i v e  form of antibody-dependent c y t o l y s i s .  
N a t l .  Acad. Sci ,  USA, 81, 1984' (June). 

R o c .  

YEAR FIELD OF STUDY 
CONFERRED 

Powe, J., Pak, K.Y., Paik, C.H., SteplewsW, Z., Ebbert, M.A., H e r l y n ,  D., Ernst, C., 
Alavi, A., Eckelman, W.C., Reba, R.C., and Koprowski, H. Labeling Monoclonal Antibodies 
and F(ab')Z Fragments with ( l 1  'In) Indium Using Cyclic DTPA Anhydride and Their In Vivo 
Behavior in Mice Bearing Human Tumor Xenografts. Cancer Drug Delivery, Vol. 1, No. 2, 
125-135, 1984. 

Blaszczyk, M., Pak, K.Y., H e r l y n ,  M., Undgren, J., Pessano, S., Steplewski, Z., and 
Koprowski, H. Characterization of G a s t r o i n t e s t i n a l  Tumor-associated Gircinoembryonic 
Antigen-related Antigens Defined by Monoclonal Antibodies. Cancer Research, 44, 245-253, 
1984. 

Pak, K.Y., Randerson, D.H., Blaszczyk, M., Sears, H.F., Steplewski, 2. and Koprowski, H. 
Extract ion of Circulat ing Gastrointestinal Cancer Antigen Using Solid-Phase bnmmoadsorption 
System of Monoclonal Antibody-Coupled Membrane. Journal of Immunological Methods, 66 
(1984) 51-58. 

Pak, K.Y., Blaszczyk, M., Herlyn, M.,Steplewski, 2. and K o p r m k l ,  H. I d e n t i f i c a t i o n  and 
I s o l a t i o n  of Lewis Blood Group Antigens from Human Saliva Using Monoclonal Antibodies. 
Eybridoma, Vol. 3, 1-10, 1984L 
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PRINCIPAL INVESTlCATORlPROGRAM DIRECTOR OR AWARD CANDIDATE (Last, first, mrddlel 

Washbum, Lee C. 

Sc'CIAL SECURITY NUMBER 

Publications: (Zenon S. Steplewold) 

Mach, J.,Chatal, J., Lumbroso, J., Buchegger, F., Forni, M., Ritschard, J., Berche, C., 
Douillard, J., Carrel, S., Herlyn, M., Steplewski, Z., and lbprowsld, H. Tumor Localization 
in Patients by Radiolabeled Monoclonal Antibodies against Colon Carcinoma. 
43, 5593-5600, 1983. 

Pioldofsky, P.J., Po-, J., Mulhern, C.B., Jr., Hammond, N., Sears, E.F., Gatenby, R.A., 
Steplewski, Z., Koprowski, H. 
Monoclonal Antibody Fragments . Radiology 1983; 149:549-555. 

Steplewski, Z., and Koprowski, H. 
Oncodevelopmental Markers. Academic Press, Inc., pp. 155-166, 1983. 

Cancer Research 

Metastatic Colon Carcinoma Detected vith Radiolabeled F(ab')2 

Use of Monoclonal Antibodies to Recognize Tumor Antigens. 

Paik, C.H., Ebbert, M.A., Murphy, P . R . ,  Lassman, C.R., Reba, R.C., Eckelman, W.C., Pak, K.Y., 
Powe, J. SteplewaM, Z. and Koprowski, H. Factors Influencing DTPA Conjugation with Anti- 
bodies by Cyclic DTPA Anhydride. 
Number 12. 

Journal of Nuclear Medicine, December, 1983, Volume 24, 

Herlyn, M., Blaszczyk, M.., Sears,  E.F., Verrill, H., Lindgren, J., Colcher, D. Steplewski, Z.: 
Schlom, J. and Koprowski, H. 
Sera of Patients with Gastrointestinal Tumors Using Monoclonal Antibodies in Double- 
Determinant Radioimmunoassays. Hybridoma,rVolume 2, Number 3, 1983. 

Detection of Carcinoembryonic Antigen and Related Antigens in 

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

Pak, K.Y., Blaszczyk, M., Steplewski, 2. and Koprowski, H. Identification and Isolation 
of a Common Tumor-Associated Molecule Using Monoclonal Antibody. 
Vol. 20, No. 12, pp. 1369-1377, 1983. 

Identification of the 

Molecular Zrmrmnology, 

Steplewaki, Z. Monoclonal Antibodies: Selection Approaches for Human Solid Tumors. 
Radioimmunoimagin and Radioinnmrnotherapy, pp. 105-107, 1983. Ed. Scott W. Burchiel and 

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 cyclic 
MlPA anhydride. Hybridoma 2(1) :126, 1983. 

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

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

Steplewski, Z. and Koprowski, H. 
rectal carcinoma-associated antigens. 
20:285-316, 1982. 

Buck A. Rhodes, 1 5 83, Elsevier, USA. 

. 
Monoclonal antibody development in the study of colo- 

Methods in Cancer Research, Busch, H., ed., 

Mazauric, T., Mitchell, K.F.,  Letchworth, G.T., III., Koprowski, E., and Steplewski, Z. 
Monoclonal antibody-defined human lung cell surface antigens. Cancer Res. 42:150-154, 1982. 
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. AlNClPAL INVESTIGATOR/PHOGRAM DlRECTOt Lee c* Washburn - 
BlOG RAPH ICAL 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. 

NAME TITLE BIRTHDATE WO., OW, YLI 

Raymond L. Hayes Chief S c i e n t i s t  ( r e t i r ed )  

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present polition, list in chronoio~ial or& previous .mplWment, UPorC 
M ,  and honors. Indudr p m t  mernbtrrhip on m y  Fader81 Government Public Advirorv Commitm. List. in chronologicd ofd8r. the titles and 
complete nfmmncn to JII publiations during the put t h r n  ya8n Jnd to repr8sent8tivr cmrlier publications partinent to t h i s  8poIiation. 00 NOT 
EXCEED TWO PAGES. 

DEGREE lcirclr 
highest &pm/ INSTltUf lON AND LOCATION 

1944 Senior Scientist ,  U.S. Rubber Co., Charlot te ,  North Carolina 
1950 - 1983 Chief Scientist,  Medical and Beal th  Sciences Division, Oak Ridge 

Associated Univers i t ies ,  Oak Ridge, Tennessee 

FIELD OF STUDY YEAR 
CONFERRED 

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

Publications:  (selected)  

Hayes, R.L. Detection of malignancies wi th  radionuclides.  In Recent Advances in 
Nuclear Medicine, Vol. 6, J.H. Lawrence and H.S. Winchell, e=. , Grune 6 St ra t ton ,  Inc., 
New York, pp. 177-197, 1983. 

Eayes, R.L. and Eiibner, K.F. 
nuclides.  In Metal Ions i n  Biological  Systems, VoL. 16, H. Siegel ,  ed., Marcel Dekker, 
Znc., pp. 2E-315, 1983. 

B a s i s  f o r  t h e  clinical use of gall ium and indium radio- 

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

Hayes, R.L. The fn terac t ion  of gallium with b io log ica l  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 der iva t ives  v i a  organoborane 
technology. 
eds., Pergamm-Press, New York, 1982, Chapter 17, pp. 197-203. 

In Applications of Nuclear and Radiochemistry, R.M. Lambrecht and N. Morcos, 

Washburn, L.C., Sun,. T.T., Byrd, B.L., Rafter ,  J.J., Hayes, R.L., Frey, LA., and 
w a n o f f ,  B.W. 
bra in  a d n o  acid t ransport .  
Pergamoa.Ress, Paris, France, 1982, pp. 642-645. 

"c-ACHC, a p o t e n t i d  agent f o r  posi t ron tomographic measurement of 
2 N u c l e a r  Medicine and Biology, V o l .  I, C. Raynaud, ed., 

Hayes, B.L., Byrd, B.L., Rafter,  J.J., Carlton, J.E., and Coffey, J.L. 
citrate f o r  detect ion of inflammatory les ions .  
Vol. I, IAEA, V i e n n a ,  Austria,  1981, pp. 579-5857 

Ytterbium-169 
In "Medical Radionuclide Tmaging 1980", 

Hayes R. L., Carltan, J.E., and Kuniyasu, P. A new method f o r  l abe l ing  microspheres 
with Eur. J. Nucl. Med. 6:531-533, 1981. 
Hayes, R.L., Rafter,  J.J., Byrd, B.L., and Carlton J.E. Studies  of t h e  in vivo entry - fnta -ant t i s sue .  J. Nuci. Med. 22:325-332, 1981. 
PHS 398 (Rev. 5/82] PAGE 1 0  
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PRINCIPAL INVESTIGATORIPROGRAM DIRECTOR C R  AWARD CANDIDATE ILasr, frat. rnrad&/ I SCCIAL SECURITY NUMBER 

Lee C. Washburn I- 
Publications: (R. L. Hayes) 

Hubner, K . F . ,  King, P. , Gibbs, W.D., Partain C.L., Washburn, L.C. ,. Hayes, R.L., and 
Holloway , E. 
emission computerized tomography in patients with neoplastic diseases. 
RadionucUde Imaging 1980", Vol. 11, U S A ,  Vienna, 1981, pp. 515-529. 

Casey, D.L., Digenls, G.A., 
a d  Callahan, A.P. 
C-11-D- and L-phenylalanine. Int. J. Appl. Radiat. Isot. 32:325-330; 1981. 
;yes, R.L., and Byrd, B.L. 
offspring. Third International Radiopharmaceutical Dosimetry Symposium, E. E. 

Radiological Eealth, 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. 
21:361-365, 1980. 
Hubner, K . F . ,  Aadrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Colhann, I.B., 
and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positron tomo- 
graphic imaglng of the human pancreas. J. Nucl. Med. 20:507-513, 1979. 

Eayes, R.L., Szymendera, J.J., and Byrd,:B.L. 
distribution of gallium-67: Concise communication. J. Nucl. Med. 20:938-940, 1979. 
Washburn, L.C., Sun,  T.T., Bytd, 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. 

Washburn L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. l-Aminocyclo- 
butape[~C]carboxylic acid, a potential agent for tumor localization. 
20:1055-1061, 1979. 
Hayes, R.L. 
Fa radiopharmaceuticals. In The Chemistry of Radiopharmaceuticals, N. D. Heindel, 
B. D. Burns, T. Honda, andy.W. Brady, eds., Masson Publishing, New York, 1978, 
pp. l55-168. 

Washburn, L.C., Wieland, B.W., Sun, T.T. , Hayes, R.L., and Butler, T.A. 
DL-Valine, a potential pancreas-imaging agebt. 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. 
Int. J. Appl. Radiat. bot. 29:186-187, 1978. 
Washburn, L.C., S u u s  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. 
b y e s ,  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 Eayes, R.L. 
Isolation and partial characterization of a 67Ga-binding glycoprotein from a rat 
hepatoma. Cancer Res. 38:4440-4444, 1978. . 
Hubner, K . F . ,  Andrew, G.A., Washburn, L.C. , Wieland, B.W., Gibbs, W.D., Byes 
Butler, T.A., and Winebrenner, J.D. 
carboxylic acid: preliminary clinical trials with single-photon detection. 
Med. 18:1215-1221, 1977. 
Hayes, R.L.,  Rafter, J.J., Washburn, L.C., and Byrd, B.L. 
for tumor tissue. Nature N e w  Biology 246(No. 149) :23-25, 1973. 

Clinical investigations with &-labeled amino acids using positron - In '%dical 

., Washburn, L.C., Chaney, J.E., Hayes, R.L., 
llmlnary tissue studies of optically active D& Preparation and p 

Transfer of 67Ga from the hamster dam to fetus and 

Watson,A.T. Schlafke-Stelson, J.L. Coffey, and R.J. Cloutier, eds., Bureau of 

Effect of food intake on the tissue 

J. Nucl. Med. 

Chemistry and radiochemistry of metal-ion nuclides commonly employed 

[l-llC]- 

Synthesis and purification of llC-carboxyl-labeled amino acids. 

R.L.; 
Tumor location with l-aminocyc1opentane[liC]- 

J. Nucl. 

Affinity of 253einsteinium 
-- 
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PRINCIPAL INVESTlGATORlPROGRAM DIRECTOR:&e c. w m  
OTHER SUPPORT 

(Use continuation paps if nscessary) 

For each of the professionals named on page 2, list, in three sparate goups: (1) active support; (2) applications and proporrls 
pending review or funding; (3) applications and prowsols planned (w being prepared for submission. Include d/ Federal, ~ m -  

Federal, and institutional grant and contract s u p p ~ a  If m, state "WM.'' For each item give the source of support, !&ntifying 
number, project title, name of principal invatigator/prograrn director, time or p e m t  of effort on the project by professimal 
named, annual direct colts, and entire Period of ruppoh (If part of a largsr project, provide the titles of both th prrent p r o m  
and the subproject and give the annual direct costs for each.) Describe the conmnts of each item listed. If my of these overlap, 
duplicate, or are being replaced or supplemented by the present application, delineate and justify the nature and extent of tha 
scientific and budgetary overlap or boundaries. 

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

Lee C. Washburn 90% Salary and Benef i t  Support - DOE Contract'No. DE-AC05-760R00033 
10% Salary and Benefi t  Support - N C I  Contract No. CA29490-03 

Karl F. EKibner 60% Salary and Benef i t  Support - DOE Contract No. DE-AC05-760R00033 
40% Salary and Benef i t  Support - N C I  Contract No. CA29490-03 

James E. Crook 100% Salary and 'Benefi t  Support - DOE Contract No. DE-AC05-760R00033 

Myles C. Cabot 100% Salary and Benefi t  Support - DOE Contract No. DE-AC05-760R00033 

(2) G r a n t  Application: Pending Review 
"Labeled Amines as Markers of Pulmonary In jury  and Repair," 

James E. Crook, Pr inc ipa l  I n v e s t i g a t o r ,  submitted to NIH, Apri l  27, 1984. 

G r a n t  Application: Pending Review 

Inves t iga to r ,  s u h i t t e d  t o  N I B ,  October 24, 1983. 
"Lipid Role in  Phorbol Ester Binding," Myles C. Cabot, P r inc ipa l  

(3) N o n e  

M S  398 (Rw. 6/82] PAGE& 



~~RINCIPAL INVESTIGATORIPROGRAM DIRECTL b e  C* Washburn 

RESOURCES AND ENVIRONMENT 

FACILITIES. Mark the tacilities to be uwd at the aWliCDnt orprnizrtion and briefly indicate thew uD.Cittes, pertinent Capalulittm. relative proximtw 
and extent of availability to tho P r o j M .  Use “other” 10 describe the facilities at any other mdorrrunq sites Iicred in l u m  9. w 1.8nd at site8 fa 
tieid studies. Using continuation pages if nmsmw, i ~ l u d .  l explanation of any consortium arrangemamt wlm other orglnizations. 
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L.bontow: Three well-equipped, air-conditioned l a b o r a t o r i e s  w i t h  a t o t a l  of approxi- 
mately 2,000 sq. f t .  are a v a i l a b l e  in t h e  Vance Road building of Oak Ridge 
Associated U n i v e r s i t i e s  (ORAU) Medical and E e a l t h  Sciences Division (MLHSD) . 

’ b p u t c r :  

! 

A t  ORAU HbHSD m o d e r n  acc red i t ed  animal f a c i l i t i e s  w i t h  adequate f l o o r  space 
t o  house cages f o r  all animals in t h i s  p r o j e c t  are loca ted  in t h e  same 
bu i ld ing  as t h e  o f f i c e  and l a b o r a t o r i e s  of t h e  P r f p c i p a l  Invest igator .  
Shared specimen c o l l e c t i n g  and work l a b o r a t o r i e s  are also located d i r e c t l y  within 
t h e  animal f a c i l i t y .  
s t r u c t i o n  requirements as given in t h e  DHEW Guide, is ava i l ab le .  

ORAU has a D i g i t a l  Equipment Corporation PDP U/44 computer with 768 W l o b y t t s  
of memory. The minitab d a t a  a n a l y s i s  software package (Mlnitab P ro jec t ,  
Un ive r s i ty  Park,  PA) is available f o r  s ta t is t ical  t e s t i n g  of experimental data.  

Adequate caging, which complies with mlninnsn s i z e  and con- 

Each i n v e s t i g a t o r  has a well-equipped, a i r -condi t ioned o f f i c e .  

MAJOR EQUIPMENT: Lit tho most impamfit wwipment items already mmlable for t h i s  propet. n a m g  the location and pertinent eopbrlitir d 
M. Laboratory Data Control (LDC) gradient  high performance =quid chromatograph v i t h  LDC 
r e f r a c t i v e  index d e t e c t o r ,  LDC v a r i a b l e  wavelength Up d e t e c t u r ,  Packard custom l iqu id -  
colunm single-channel ana lyze r  monitor ( f o r  d e t e c t i n g  t h e  e l u t i o n  of gaamra-emltting radio- 
n u c l i d e s ) ,  and Radiomatic Flo-One Model HP r a d i o a c t i v i t y  d e t e c t o r  (for beta emitters) with 
Model ES e l e c t r o n i c  s t r eam-sp l i t t i ng  device; Beckman Model IS 2800 l i q u i d  s c i n t i l l a t i o n  
counter  w i t h  external s t anda rd iza t ion  by HI, DPM c a p a b i l i t y ,  chemiluminescence monitor, 
and multi-user package; Packard Model 5220 Auto-Gamma s c i n t i l l a t i o n  spectrometer; Sea r l c  
Pho-Gauana V s c i n t i l l a t i o n  camera; and Ohio-Nuclear dua l  head r e c t i l i n e a r  scanner are 
loca ted  at  ORAU M&HSD. 
ADDITIONAL INFORMATION: Prow& a y  other infomution 6.m8bing the emronmont for dm prom. Identify support wrwces such 1 
COIISUJt8ntl, s~rer8ri81, machine shop. and dmronics S k P ,  and the axtont to whch th.y will be ~ d 8 M o  to the propa. - 
RESOURCES AND ENVIRONMENT D 

-J 
Dr. Zenon Steplewski of The W i s t a r  I n s t i t u t e ,  who has an excellent record in monoclonal 
ant ibody research, will be a Co-Investigator on t h i s  p r o j e c t .  
vlll prov ide  the monoclonal an t ibod ie s  and monoclonal antibody fragments as w e l l  as the 
tumor liaes which are requ i r ed  f o r  t h i s  p ro jec t .  He  V z l l  also work with O W  i nves t iga to r s  
t o  set up a t  ORAU t h e  radioimmunoassay procedure necessary t o  v e r i f y  t h e  r e t en t ion  of 
immunological activity of t h e  an t ibod ie s  a f t e r  de r iva t i za t ion .  Dr. R.L. Hayes, former head 
of ORAU’s MLRSD p r e c l i n i c a l  radiopharmaceutical  development program, will seme as a c m s u l  
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RESOURCES AND ENVIRONMENT (continued) 

within O W  and in the  Oak Ridge conrmuaity a t  l a r g e ,  espec ia l ly  the Oak Ridge National 
Laboratory. 
ava i l ab le  t o  us within the  graduate,  medical, and veter inary  divis ions.  
secretarial serv ices  with access t o  word processor w i l l  be avai lable  t o  t h e  p ro jec t  
as requi red ,  and O W ' S  well-equipped machine shop and the  Mvis ion ' s  e l e c t r o n i c  
shop will also be m a i l a b l e  as needed. 

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREXENTS' 

Additionally,  t h e  University of Tennessee is nearby and has resources  
Full-time , 

This research grant  appl ica t ion  includes a segment of a c t i v i t y  that would be performed 
in f a c i l i t i e s  of t h e  U. S. Department of Energy and governed by an e x i s t i n g  cont rac t  
between Oak Ridge Associated Universities (ORAU) and the  DOE. The DOE has reviewed 
t h i s  proposal and has concurred i n  O W  conducting t h e  described work i n  t h e  DOE 
f a c i l i t i e s  made ava i l ab le  f o r  biomedical research,  subjec t  t o  payment t o  t h e  DOE by 
O W  from NfB funds of the  appl icable  d i r e c t  and i n d i r e c t  cost  of t he  work (not in- 
cluding any charge f o r  t he  use of DOE f a c i l i t i e s )  as determined by t he  provis ions of 
t h e  DOE'S contract  with O W .  

By way of general  information, O W ' S  cont rac t  wi th  the  DOE is a cost-type cont rac t  
f inanced under a Govermnent-fund account. The s p e c i f i c  contract  work is formulated 
in cooperation with t h e  DOE and authorized within general  guidelines in t h e  contract .  
Ownership of all equipment and f a c i l i t i e s k c q u i r e d  by O W  with W E  funds is vested in 
t h e  U. S. Government a t  t h e  t i m e  of acquis i t ion .  The cont rac t  a l so  contains  all t he  
terms genera l ly  common t o  Government cont rac ts  of t h e  type under which ORAU conducts 
research operat ions i n  Govermnestt-owned f a c i l i t i e s .  

In p a r t i c u l a r ,  ORAU's cont rac t  wi th  DOE includee standard articles on the  subjec ts  of 
small business ,  contract ing wi th  labor  surp lus  f i rms ,  contract ing with women-amed 
concerns, disabled veterans,  employment of t h e  handicapped, clean a i r . and  water, cos t  
accounting standards,  cos t  o r  p r i c i n g  da ta ,  equal opportunity and sa fe ty  and heal th .  
W e  be l i eve  tha t  in these  areas, t h e  cont rac t  condi t ions p a r a l l e l  condi t ions which NIH 
o r d i n a r i l y  appl ies  t o  its grants .  
and these  DOE cont rac t  terms, ORAU is agreeable t o  meeting both t o  t h e  extent that  
they are not  in c o n f l i c t ,  and t o  applying those most favorable t o  t h e  United S t a t e s  
Government where t h i s  is involved. 
would produce o r  suggest, ORAU upon r e c e i p t  of such advice would refer t h e  matter t o  
t h e  W E  f o r  d i r e c t  r e so lu t ion  wi th  NIH. 

In the  event of d i f fe rences  between NTE grant terms 

If NIfi is aware of problems that such an approach 

The con t rac t  a l s o  includes DOE standard pa ten t  r i g h t s  and techPical da ta  articles f o r  
nonprof i t  organizations.  
g r a n t s ,  whichever provides ORAU with  the  grea te r  r i g h t s  in these areas. 
this approach is cons is ten t  wi th  Publ ic  Law 96-517. 

W e  propose applying these  o r  those which NIH app l i e s  t o  
W e  be l ieve  

I Q11tl I I 
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P r i n c i p a l  Invert igatr  

A. Svecif i c  Aims 

The s p e c i f i c  aim of t h i s  research i s  p r e c l i n i c a l  development and evaluation of 
tumor-specific 255Pm- and 90P-labeled monoclonal ant ibodies  or monoclonal antibody 
fragments f o r  po ten t i a l  app l i ca t ion  i n  radioinmunotherapy of cancer. 
c h e l a t e  .technique involving coupling of the che la t ing  agent,  d i e t h y l e n e t r i a m i n r  
pen taace t i c  acid (DTPA), t o  monoclonal ant ibodies  v i a  the cyc l i c  DTPA anhydride w i l l  be 
ured. This w i l l  permit radiolabel ing monoclonal ant ibodies  with a v a r i e t y  of metal ion 
radionuclides.  
inrmunological a c t i v i t y  a f t e r  radiolabel ing.  Monoclonal antibodies labeled with In-111 , 
Yb-169, and Y-88 rill be used f o r  preliminary sc in t ig raph ic  and t i s s u e  d i s t r i b u t i o n  
s tud ie s  i n  nude mice bearing the  appropriate  tumor type f o r  each antibody t o  determine 
t h e  t i m e  course of tumor l oca l i za t ion .  A radiolabeled monoclonal anti-influenza 
antibody w i l l  be ueed a s  a con t ro l  t o  assess the importance of nonspecific binding. 
Tissue d i s t r i b u t i o n  s tudies  using monoclonal ant ibodies  labeled with FIE-255, Y-90, and 
Es-253 ( t o  be used 8 s  a Longer-lived model for Fm-255) w i l l  then be c a r r i e d  out,  and 
t h i s  d a t a  w i l l  be used f o r  r a d i a t i o n  dosimetry calculat ions.  
s t u d i e s  w i l l  be ca r r i ed  out i n  tumor-bearing nude mice t o  assess  the p o t e n t i a l  of 
255Fm- and g(h-labcled monoclonal antitumor antibody der ivat ives  f o r  fu tu re  c l i n i c a l  
r a d i o  insnuno therapy tr icl Is . 

+ 

A bifunct ional  

A r a d i o ~ n o a r r a y  technique w i l l  be used t o  v e r i f y  r e t en t ion  of 

In  vivo tumor growth 

B. Sinnif  icance 

Research on tumor l o c a l i z a t i o n  of radiolabeled antibodies da t e s  back some 30 years 
t o  the work of Presllmrn and Korngold ( I ) ,  who showed t h a t  labeled ant ibodies  against  
Wagner o s t e o s a r c ~ ~  ce l l s  were concentrated i n  vivo by the so l id  tumor. 
tomorassoc ia ted  antigens have been considered 8 8  leading candidates f o r  t he  long- 
sought "magic bul le t"  (2).  
t i s s u e  could in theory be ured, in a radiolabeled form, for diagnosis of cancer and 
also as carriers of radionuclides and cytotoxic  drugs for cancer therapy. 

Antibodies t o  

Antibodies having a high enough s p e c i f i c i t y  f o r  tumor 

The conventional production of ant ibodies  i n  animals has ser ious l imitat ions,  
however. Even when highly p u r i f i e d  antigen preparations are used, a whole spectrum of 
an t ibod ies  with diverse  s p e c i f i c i t i g r  is sti l l  obtained, and reparat ion of t he  desired 
antibody from such mixtures is very d i f f i c u l t .  Also, considerable batch-to-batch 
v a r i a b i l i t y  in t he  qua l i t y  of t h e  antibody obtained is qu i t e  comnon. 
h e n  l a r g e  animals are used, t h e r e  are p r a c t i c a l  l imi t a t ions  t o  the quant i ty  of 
antibody which can be produced. 

Final ly ,  wen 

The discovery of a technique f o r  production of monoclonal ant ibodies  by Kohler and 
Milrtein in  1975 (3) provider a so lu t ion  t o  these problems. 
produced in  t i s s u e  cu l tu re  by lymphocyte-ntyeloma h y b r i d m s  (41 ,  are homogeneous, 
require l i t t l e  e f f o r t  for p u r i f i c a t i o n ,  and can be reproducibly prepared i n  large 
q u a n t i t i e s .  Since t h e i r  discovery, the p o t e n t i a l  of monoclonal ant ibodies  f o r  a 
v a r i e t y  of clinical ,  basic  research,  and wm i n d u s t r i a l  appl icat ions has been 
recognized (2) .  One of the  mort important of these is t h e i r  p o 8 8 i b h  use in diagaoris  
and therapy of cancer. 

Monoclonal antibodice,  

Table 1 lists the radionuclides which have been ured fo r  label ing monoclonal 
an t ibod ie r  f o r  diagnostic and therapeut ic  invest igat ions.  
d a t e  have used 1-131 as a radiolabel .  
(23-26) p o t e n t i a l  of 13lI-labeled monoclonal ant ibodies  have been ca r r i ed  oat in both 

Most of these s tud ie s  t o  
Studies of the diagnostic (5-24) and therapeut ic  

1 0 1 1 4 1 2  
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Pr inc ipa l  Invest  i ga t  

TABLE 1 

RADIONUCLIDES USED As LABELS FOR MONOCLONAL ANTIBODIES 

Radionuclide 
Iodine-131 
I o d i n e 1 2 3  
Iodine-125 
Tec hn et iunr99m 
Indium-111 
Ga 11 ium-68 
Bismu th-2 12 
P t t rium-90 

Etalf -Lif e 
8.05 d 

13 h 
60 d 

6.0 h 
2.81 d 

68 m 
60.6 m 
64.2 h 

Decay Energy of P r inc ipa l  
Mode( B 1 Photon( 11 (Rev) References 

B- 364 5-26 
EC 160 27,28 
EC 35 19-22,29-31 
I T  140 36,51 
EC 173, 247 33,43-51 
6+, EC 510 51 
6-, a None 52 
B- lone 53 

animals and man. Short-lived 1-123 has been used as a l a b e l  f o r  imaging s tud ie s  i n  
animals (27,281 and man (281, and 1-125, although unsu i t ab le  f o r  imaging, has been used 
as a r ad io t r ace r  i n  animal s tud ie s  (19,22,29-31) . Subtract ion of background a c t i v i t y  
(32) has been used i n  many of these invest igat ions t o  enhance tumor imaging 
(6 ,11,14-16,18,22). 
radiolabeled monoclonal ant ibodies  involves use of s i n g l e  photon computerized emission 
tomography (SPECT) (13,221 . 
carcinoembryonic antigen, SPECT vas shown . to  be c l e a r l y  superior t o  r e c t i l i n e a r  
scanning, permitt ing co r rec t  v i s u a l i z a t i o n  of 16 grrt  of 17 tumor sites studied (13). 
One can o f t e n  a c t u a l l y  increase the tumor-to-nontumor r a t i o s  by enzymatically removing 
non-binding port ions of the antibody molecule before  radiolabel ing is ca r r i ed  out. 
This r e s u l t s  i n  labeled fragments t h a t  maintain t h e i r  s p e c i f i c i t y  but eliminate non- 
spec i f  i c  binding ( 9 , 16-20,22 , 23,30,33) . 

Another way of improving the  tumor images obtained v i t h  

For 131I-labeled monoclonal antibody against  

Studies using radioiodinated de r iva t ives  c l e a r l y  shov t he  potential of radiolabeled 
monoclonal ant ibodies  f o r  cancer diagnosis and therapy. 
radionuclides of iodine as l a b e l s  f o r  monoclonal an t ibod ie s  is, however, t he  problem of 
in vivo deiodination, vhich obscures the  images by producing a high general  background 
as w e l l  as abnormally high concentrations i n  the  stomach, bladder, and kidney (34,351. 
I n  addi t ion,  1-131 i s  f a r  from idea l  f o r  both d i agnos t i c  and therapeut ic  app l i ca t ions  
because of i t s  long h a l f - l i f e  and medium energy gamma emission which r e r u l t s  i n  high 
r a d i a t i o n  doses t o  normal t i s sues .  

A major drawback t o  using 

K i t s  have been developed f o r  label ing F(ab.12 fragments of monoclonal antimelanoma 
Although promising r e s u l t s  vere obtained i n  animals, t h e  ant ibodies  v i t h  Tc-99m (36). 

i n i t i a l  c l i n i c a l  r e s u l t s  f a i l e d  t o  demonstrate uptake i n  metastat ic  lesion8 (36) . 
The b i func t iona l  che la t e  technique involves covalent attachment of a chelat ing 

group t o  proteins ,  permitt ing strong binding of polyvalent metal ions. 
w a s  f i r s t  introduced by Sundberg and c o r o r k e r s  (37) , who used a diazonium coupling 
reaction t o  a t t a c h  a phenylethylenediaminetetraacetic acid (phenyl-EDTA) moiety, 
permit t ing label ing of proteins  v i t h  fn-111. 
ctrboxycarbonic anhydride t o  a t t a c h  diethylenetriamaincpentaacetic acid (DTPA) t o  
p ro te ins  via an amide linkage. 
coupling agent t o  l i n k  desferrioramine, an excellent chelat ing agent f o r  r8dionuclidcs 
of gallium and indium, t o  proteins.  Perhaps the  mort attractive method, hovever, 
involves use  of a c y c l i c  anhydride t o  couple DTPA t o  p ro te ins ,  again via an m i d e  
linkage. 
workers (40) t o  make chelat ing de r iva t ives  of f a t t y  ac ids  and w a s  adapted by Enatowich 
and co-worker8 (41,421 t o  radiolabel ing of proteins .  

This concept 

Krejcarek and Tucker (38) used a m i x e d  

Yokoyama and co l ro rkc r r  (39)  used glutaraldehyde as a 

The cyc l i c  DTPA anhydride method vas f i r s t  developed by Eckelman and co- 

Several papers have r ecen t ly  been 
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Pr inc ipa l  Investigat 

published describing method8 f o r  radiolabel ing monoclonal ant ibodies  with i n d i u n r l l l  
v i a  t he  cycl ic  DTPA anhydride (33,43-47). 
procedure a r e  the s implici ty  of t he  syntheses,  mild coupling conditione,  and easy 
p u r i f i c a t i o n  of the protein a f t e r  coupling. 

Advantages of t h e  c y c l i c  DTPA anhydride 

Paik and co-workers (45,461 have invest igated the e f f e c t  of pB on DTPA conjugatkon 
t o  ant ibodies  v i a  the cyc l i c  DTPA anhydride technique. 
s tudied f o r  the coupling r eac t ion ,  0.1 M bicarbonate bu f fe r  a t  pE 8.2 gave the optimsl 
r e s u l t s .  For a monoclonal antibody aga ins t  co lo rec t a l  carcinoma, a c y c l i c  DTPA 
anhydride to  antibody molar concentrat ion r a t i o  of 50: 1 allowed che la t ion  of 1.3 indium 
atoms pe r  nmlecule of antibody wi th  only 7% deact ivat ion of t h e  antibody. 
concentration r a t i o s  gave d i sp ropor t iona te ly  g r e a t e r  antibody deact ivat ion.  

Out  of four  bu f fe r  solut ions 

Higher 

The bifunctional che la t e  technique has been invest igated f o r  l abe l ing  monoclonal 
ant ibodies  with metal ions . b a t o w i c h  and co-worker8 found t h a t  111In-labeled 
monoclonal antibody t o  carcinoembryonic antigen labeled by the  c y c l i c  DTPA anhydride 
approach had a higher tumor uptake than the same antibody labeled with radioiodine 
(44). 
monoclorul antibody against  h igh leo lecu la r  weight melanoma-associated an t igen  than 
1251-labeled antibody when incubated i n  v i t r o  v i t h  melanoma cells.  
co-worker8 (33) found t h a t  111In-labeled F(ab’)t fragments of monoclonal ant ibodies  t o  
human colorectal  carcinoma and wlanom8-associoted ant igens were inf  e r i o r  t o  the 
analogous 131I-labeled fragments f o r  una ing tumor xenografts i n  nude mice, possibly 

monoclonal antibodies have a l s o  been labeled with In-111 by the mixed anhydride 
technique (29,48-50). A DTPA-conjugate of Pab fragments of antibody t o  canine cardiac 
~ O E ~ U  w a s  chelated with In-111 and used t o  image myocardial i n f a r c t i o n s  i n  dogs (51). 
Preliminary r e s u l t s  with t h i s  s a m e  antibody conjugate were a l s o  reported using Tc-99m 
and Ga-68 a8 radiolabels  (51) . 

Likewise Wang and co-worker8 (47) found b e t t e r  binding of 111In-labeled 

BOPlever, Powe and 

because of increased c a t a b o l i m  of t h e  1 4 11-Labeled antibody. Chelate-con jugated 

Biamrth-212 has a l s o  been uoed t o  l a b e l  monoclonal ant ibodies  through a 
bifunct ional  chelate  de r iva t ive ,  and a study of t he  therapeut ic  e f f i cacy  of these 
agent8 is in progress (52). However, t he  short  half-life (60.6 min) may no t  be 
adequate f o r  proper blood clearance. Preliminary s tud ie s  of monoclonal ant ibodies  
labeled v i t h  the pure beta  emitter yttrium-90 (Ti12 = 64.2 h) have also been ca r r i ed  
out (53) . 

As seen from the  above d e s c r i p t i o n  of previous research with radiolabeled 
monoclonal antitumor ant ibodies ,  t h e  bulk of t h i s  has emphasized t h e  d i agnos t i c  r a t h e r  
than the  therapeutic p o t e n t i a l  of t hese  agents. 
l abe l ing  highly specif  ic monoclonal ant ibodies  o r  monoclonal antibody fragment8 v i t h  
the alpha emitter fermium-255 (h-255) and the beta  emitter yttrium-90 (Y-90) f o r  
s t u d i e s  of radiotherapeutic e f f i cacy .  
t h e i r  entire r ad ia t ion  energy i s  confined t o  a very small range (54). 
appears t o  b t  an excel lent  radionucl ide f o r  therapy because it decays by alpha emission 
with a ha l f - l i f e  (20.1 h) which i 8  long enough t o  allow. good tumor uptake and blood 
clearance,  yet  short  enough t o  prevent an excessive rad ia t ion  dose to  normal t i s sues .  
It decays t o  Cf-251, r h i c h  i s  so long-lived (T1/2 = 900 y )  tbt  i t s  con t r iba t ion  t o  t h e  
r a d i a t i o n  dose vould be neg l ig ib l e .  Yttrium-90 w i l l  a l s o  be evaluated i n  d e t a i l  a8 a 
label f o r  monoclonal ant ibodies  f o r  radioimmunotherapy . Monoclonal an t ibod ie s  labeled 
4 t h  Far255 o r  Y-90 may be very promising new agents f o r  cancer therapy. 

This propored research involves 

Alpha emitters a r e  idea l  f o r  therapy because 
Fermium-255 

- 
U 

J C. Preliminam Studies 
--f 
F - f o r  t h e  covalent coupling of polyaminocarboxylates t o  proteins ,  such as Paonoclonrl 

As wa8 pointed out i n  s e c t i o n  B., of the methods that have been developed t o  da t e  

ant ibodies ,  the cyc l i c  DTPA anhydride technique appears t o  be t h e  method of Choice for 
l abe l ing  antibodies with polyvalent cationic radionuclides. It is rap id ,  proceeds a t  
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physiologic pH, and y i e lds  chelat ing products t h a t  r e t a i n  t h e i r  immrnological a c t i v i t y  
( 2 9 ) .  

I n  preliminary s tud ie s  d i r ec t ed  toward e8 tab l i rh ing  a general  technique f o r  
label ing monoclonal ant ibodies ,  we have used a modification of t he  methods of Enatowich 
e t .  a1. (44) and Paik et. a l .  (45) f o r  coupling DTPA t o  
procedure f o r  a 1:l r a t i o  of cyc l i c  DTPA anhydride t o  monoclonal antibody is  as 
fol lovs:  Ten ul of a 1.5 mg/ml so lu t ion  of t he  c y c l i c  DTPA anhydride in chloroform was 
evaporated t o  dryness under ni t rogen gas i n  a g l a s s  tube. 
monoclonal antibody 17-1A IgG2a (5.8 mg) i n  100 u1 of 0.05 It HaHC03/1M Hac1 baffer  vas 
added t o  t h e  dry anhydride and t h e  so lu t ion  a g i t a t e d  f o r  30 minutes a t  room 
temperature . 

antibodies.  The coupling , 

Purif ied co lo rec t a l  

Ten u1 of t h i s  stock so lu t ion  of DTPA-coupled monoclonal antibody was combined 
with 10 p1 of In-111 i n  0.5 H a c e t a t e  buffer  (pE 6) .  
temperature, 5 ml of 0.01 W c i t r a t e  buffer  was added and t h e  mixture centrifuged i n  an 
u l t r a f i l t r a t i o n  membrane cone (Amicon Corporation, Danvers, MA). From the  percentagee 
of r a d i o a c t i v i t y  a s s o c k t e d  with t h e  f i l t r a t e  and residue f r ac t ions ,  it was found t h a t  
t he  coupling e f f i c i ency  was 63% (an average of 0.63 DTPA group per antibody polecule) .  

After  rtanding f o r  30 rin a t  room 

The 111In-labeled DTPA-coupled antibody w a s  separated from IllIn-DTPA using a 
Sephadex G50 g e l  f i l t r a t i o n  column (1.5 x 9 cm) e lu t ed  with 0.02 I4 Ra2Hp04/0.5 H B a C l  
bu f fe r  (pE 7).  Elution of r a d i o a c t i v i t y  from t h e  column was monitored using a custom 
liquid-column single-channel analyzer monitor system (Packard Instrument Company, 
Downers Grove, IL). 
1111n-labeled DTF'A-coupled antibody war 20-25 min and t h a t  of 111In-DTPA vas 5060  min 
(Fig. 1). 
if des i r ed ,  by using W absorption a t  280 m t o  monitor e lu t ion  of t he  DTPA-coupled 

At a flow ra te  of 0.2 ml/min, t h e  r e t en t ion  time of t he  

We have a l s o  found t h a t  t he  separat ion can be ca r r i ed  out p r i o r  t o  l abe l ing ,  

antibody . . _. - - -  -- --. 

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

Fig. 1. Separation of lllIn-labeled DTPA-coupled 17-1A from 
lllIn-DTPA by gel f i l t r a t i o n .  . 
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Five preparat ions were sent  t o  D r .  Z. Steplewski of The Wistar I n s t i t u t e  for  
radioimmunological t e s t i n g  ( s e e  method i n  Section D.4.) t o  determine the retent ion of 
immunological a c t i v i t y  of t he  de r iva t i zed  ant ibodies:  
a n t i c o l o r e c t a l  antibody 17-lA IgG2a (as a standard);  (2 )  a so lu t ion  of 17-1A which w a s  
l yoph i l i zed  and resuspended i n  water t o  a concentration of 5.8 mg/lOO l~1 (because the 
o r i g i n a l  17-1A so lu t ion  was too d i l u t e  f o r  the coupling r e a c t i o n ) ;  
17-1A prepared from the so lu t ion  i n  (2)  as described above (1:l r a t i o  of anhydride t o  
antibody) and pu r i f i ed  by g e l  f i l t r a t i o n ;  (4 )  DTPA-coupled 17-1A which was complexed 
with a molar amount of s t a b l e  In+3 equivalent to  the  DTPA present ( t o  completely 
s a t u r a t e  t h e  che la t ing  s i t e s )  and then pu r i f i ed  by g e l  f i l t r a t i o n ;  
17-1A prepared from the solut ion i n  (2)  as described above except t h a t  the 
anhydride-to-antibody concentration r a t i o  was 20:l (which gave an average of 4.5 DTPA 
groups pe r  antibody molecule). 
r e l a t i v e  t o  t h e  pu r i f i ed  17-1A preparat ion (sample I ) ,  
carcinoma c e l l  l i n e  SW1116, which expresses about 5 x 105 binding s i t e s  per c e l l  f o r  
t h i s  antibody (Fig.  2) .  
which should not bind the antibody (Fig.  3 ) .  There w a s  some apparent binding of the 
conjugates a t  higher concentrations,  but t h i s  vas probably due t o  aggregation r a the r  
than s p e c i f i c  binding. 

(1) Pur i f i ed  monoclonal 

( 3 )  DTPA-coupled, 

( 5 )  DTPA-coupled 

The ~nnrmne r e a c t i v i t y  of samples 2-5 were unchanged 
when t e s t e d  using the colon 

They were a l s o  t e s t e d  using human melanoma c e l l  l i n e  WM-9, 

BINDING OF ANTBODY 17-1A AN0 ITS CONJUGATES 
TO COLON CARClNOMA CELL UNE SW 11 16 

. -  - -  
W I N G  OF AHneooY 17-1A AND ITS CONJUGATES 

TO WMAN MELANOMA CELL LINE WM-9 

CONCENlRATlON Cpg/mO _ _ _  -.--- - - - -  . - - . - - . 

Fig. 2. Binding of antibody 17-IA Fig. 3. Binding of antibody 17-LA 
and i ts  conjugates t o  colon carcinoma 
cell line SW 1116. 

and its conjugates t o  human melanoma 
cell  line WM-9. 

Preliminary b iod i r t r ibu t ion  experiments were c a r r i e d  out  i n  nude mice bearing human 
tumor implants using lllIn-labeled, DTPA-coupled monoclonal antibody 17-lA against 
c o l o r e c t a l  carcinoma. 
17-18 with c y c l i c  DlTA anhydride as described above, add i t ion  of an a c e t a t r b u f f e r e d  
s o l u t i o n  of In-111 (pH 5)  t o  r ad io l abe l  t h e  chelate-conjugated monoclonal antibody by 
l igand exchange, and f i n a l l y  p u r i f i c a t i o n  of t he  lllIn-labeled 17-1A from lllIn-DTPA by 
g e l  f i l t r a t i o n .  
b i o d i s t r i b u t i o n  s tud ie s  when the  tumors ve re  5-10 mm i n  diameter. Euman colon 
carcinoma ce l l  l i n e  SW 948 was used t o  tes t  f o r  s p e c i f i c  tumor uptake of t he  
lllIn-labeled 17-1A, and human melanoma c e l l  l i n e  WM 164 w a s  used t o  assess  the 
importance of nonspecific uptake. 

The p u r i f i e d  lllIn-labeled 17-1A w a s  prepared by reaction of 

Nude mice were inoculated with lo7 human tumor c e l l s  and used f o r  t h e  

Each mouse received 6.7 pg of antibody. The r e s u l t s  

1 0 1 1 4 1 b  
28 

. .  . . . .  -. - . - . . . 



Pr inc ipa l  Invest  igatc-  
Lee C. Washburn 

a r e  shown i n  Table 2.  A t  48 hours a f t e r  i n j ec t ion  of the radiolabeled antibody, a 
tenfold g r e a t e r  uptake w a s  found i n  the  colon carcinoma than i n  the melanoma. 
tumor-to-blood concentration r a t i o  was observed. 

A 5 : l  

TABLE 2 

@-HOUR TISSUE DISTRIBUTTOB OF 1111~-LABELED 17-IA IN TUMOR-BEARING NUDE MICE ' 

X Administered Dose/n/25g 
Human Colon Carcinoma Human Melanoma 

Tissue Ce l l  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 
Kidney 10.5 6.0 
Lung 4.5 4.4 
Muscle 1 .o 0.6 
Heart 2.3 2.0 
S. I n t e s t i n e  5.8 10.3 

These encouraging preliminary r e s u l t s  lead us t o  f e e l  t h a t  the above approach t o  
che la t e  coupling, label ing,  and 
preparation of monoclonal ant ibodies  labeled v i t h  polyvalent ca t ion ic  radionuclides 
such as t h e  alpha emitter, fermium-225, and the beta emitter, yttrium-90. 

p u r i f i c a t i o n  should be qu i t e  generally e f f e c t i v e  f o r  

D. Exp erimental  Design and Methods 

1. Radionuclides t o  be used as l a b e l s  

The radionuclides t h a t  w e  propose t o  study as l abe l s  f o r  monoclonal ant ibodies  a r e  
l is ted in  Table 3. The advantages of alpha-emitting radionuclides f o r  i n t e r n a l  
radiotherapy have already-been discussed i n  Section B. 
= 20.1 h) make it  nearly i d e a l  f o r  use i n  r a d i o h n o t h e r a p y .  
unique i n  t h a t  it i s  a v a i l a b l e  from parent Es-255 (T1/2 = 38 d) and i n  tu rn  decays 
so l e ly  by alpha emission t o  Cf-251 (T1/2 = -900 y). Tracer quan t i t i e s  of Fm-255 and 
E8-253 (T1/2 = 20.5 d)  ( t o  be used as a' longer-lived model for  Fm-255) can be obtained 
one o r  tvo t i m e s  a year from t h e  Transuranium Processing Plant a t  Oak Ridge National 
Laboratory (see le t ter  from D r .  J. E. Bigelow). 

The propert ies  of Fm-255 (T1/2 
This radionuclide is 

TABLE 3 

RADIONUCLIDES PROPOSED AS LABELS FOR MONOCLONAL ANTIBODIES 

Rad ionuc 1 i d e  Half-Life Decay Mode(s) ProDosed Auulicat ion 
Fermium-25 5 20.1 h a Rad i o  immunotherapy 
Yttrium-90 64.0 h 0- Radiokuunotherapy 
Einsteinium-253 20.5 d a Model f o r  Fm-255 
Y t tr iu-88 106.6 d EC Model fo r  Y-90 
Ind ium-111 2.8 d EC Scintigraphic Studies 
Y t t e r b  ium-16 9 31.0 d EC Scintigraphic Studies 

However, t h e  supply of Fm-555 i n  t h i s  country a t  the preeent time is  l imited t o  
that a v a i l a b l e  from the  Oak Ridge National Laboratory. Although it i s  not as s u i t a b l e  
as Fnr255 f o r  i n t e r n a l  radiotherapy, t he  pure beta  emitter Y-90 (Ti12 - 64 h) is 
r e a d i l y  a v a i l a b l e  from i t s  parent  Sr-90 (T1/2 = 28 y),  and it therefore  could a c t  as a 
s u b s t i t u t e  f o r  Fm-255. 
with t h e  use  o f  Fm-255, w e  w i l l  a l s o  develop monoclonal antibody de r iva t ives  labeled 
with Y-90. 
model f o r  Y-90 . 29 

For t h i s  reason, together with possible unexpected d i f f i c u l t i e s  

Longer-lived, accelerator-produced Y-88 (T1/2 - 106.6 d)  vi11 be used a6 a 

. . .. . . . . -. . . . . . . . . - . - . - . . . . . . . . - -  . - . ... . -  . . . . . . . - . .. . . . . . - . 
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I n i t i a l  scint igraphic  and t i s s u e  d i s t r i b u t i o n  s tudies  fo r  each monoclonal antibody 
d e r i v a t i v e  w i l l  be ca r r i ed  out with gamma-emitting radionuclides of intermediate 
h a l f - l i f e ,  such a s  commercially ava i l ab le  Yb-169 ( T i l 2  - 31 d) and Y-88 (T1/2 = 106.6 
d) i n  o rde r  to  study the tumor uptake and background clearance of the agent over a 
period of a few hours t o  several  days a f t e r  administration. 
w i l l  a l s o  be used a s  an antibody l a b e l  i n  order  to  f a c i l i t a t e  comparison of the r e s u l t s  
obtained i n  t h i s  study with other  published work on 111In-labeled DTF'A-coupled 
monoclonal antibodies.  These radionucl ides  a l l  have high s t a b i l i t y  constants with both 
M'PA and EDTA (see Table 4, r e f .  551 ,  and the re fo re  polyaminocarboxylate ligande 
coupled t o  monoclonal antibodies should bind them very strongly. 
would not be expected t o  have a s i g n i f i c a n t  e f f e c t  on the b iod i s t r ibu t ion  of a 
p a r t i c u l a r  antibody der ivat ive.  Tissue d i s t r i b u t i o n s  t h a t  vary with isotopic  l abe l  
could be explained only by major d i f f e rences  in  t h e i r  s t a b i l i t y  constants o r  by the 
inf luence of  i n  vivo exchange of the isotope with plasma proteine.  

Indium-111 (Ti l2  = 2.8 a)  

The metal ion used 

Einsteiniuar253 , an alpha-emitting radionucl ide of intennediate h a l f - l i f e  t h a t  i s  
chemically very s imi l a r  t o  Fm-255, w i l l  a l s o  be used a s  a l abe l  f o r  monoclonal 
ant ibodies  f o r  t i s s u e  d i s t r i b u t i o n  s tud ie s .  Assay by l iquid s c i n t i l l a t i o n  counting 
techniques w i l l  be required f o r  Es-253, as described i n  our previous study of Es-253 
c i t r a t e  uptake by tumors (56). 

TABLE 4 

STABILITY CONSTANTS FOR DTPA AND EDTA WITH METAL I O N S  PROPOSED AS RADIOLABELS 

Lon of Eauilibrium Constant (K1) - 
Metal Ion DTPA EDTA 
Fm+3 22 .7 M 
Y+3 22.1 18.1 
Yb+3 22.7 19.5 
Ee+3 22.6 na 
In+3 28.4 24.9 

If good po ten t i a l  is  seen in these  preliminary invest igat ions,  t he  antibody 
d e r i v a t i v e  w i l l  then be labeled with Fm-255 and P-90, the nuclides of i n t e r e s t  f o r  
radioimmunotherapy, f o r  f u r t h e r  t i s s u e  d i s t r i b u t i o n  s tudies  as w e l l  as tumor regression 
and r a d i a t i o n  dosimetry s tudies .  

2. Methods f o r  radiolabelinn monoclonal ant ibodies  

Covalent coupling of the che la t ing  agent DTPA to  monoclonal ant ibodies  and 
monoc1onal antibody fragments w i l l  be accomplished uring the cyc l i c  anhydride of DTPA 
(44,451. This w i l l  permit label ing these  antibody der ivat ives  with selected metal ion 
radionucl ides  f o r  invest igat ion of t h e i r  radioinmunotherapeutic po ten t i a l .  The cyc l i c  
anhydride technique, i l l u s t r a t e d  i n  Fig. 4, appears t o  be the method of choice f o r  t h e  
reasons discussed in  Section C. Hnatovich and co-workers (57-58) have found t h a t  DTPA 
forms stable chelates  despi te  the u t i l i z a t i o n  of one carboxyl group i n  the fornution of 
t he  amide bond. 
p r o t e i n  would produce a net negative charge, even a f t e r  complexation with a t r i v a l e n t  
metal ion, However, t h i s  apparently does not  a f f e c t  the biological  a c t i v i t y  of an 

Since four carboxyl groups s t i l l  remain, attachment of DTPA onto a 

I 0 1 1 4 1 8  
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DTP A-PT o t e in Con j uga t e 

Fig. 4. Covalent attachment of DTPA t o  p ro te ins  v i a  the  cyc l ic  DTPA anhydride. 

antibody o r  o the r  protein.  
no loss of a c t i v i t y  in t he  c l o t t i n g  process  o r  change in b iod i s t r ibu t ion  (421, and a 
monoclonal antibody t o  c o l o r e c t a l  carcinoma has been conjugated v i t h  1.3 DTPA groups 
pe r  antibody molecule v i t h  only 7% deac t iv8 t ion  ( 4 5 ) .  
Sect ion C. )#  monoclonal a n t i c o l o r e c t a l  antibody 17-1A vas conjugated with up t o  4.5 
DTPA groups pe r  antibody molecule with no 1086 of imnaanological a c t i v i t y .  

For ins tance ,  f ibr inogen has been modified in  t h i r  way with 

In our preliminary 8tudieS ( s e e  

The experimental condi t ions descr ibed i n  Section C. f o r  rynthesis  and pu r i f i ca t ion  
of t h e  DTPA-coupled monoclonal an t ibod ie s  a r e  expected t o  be qu i t e  general  f o r  t he  
monoclonal ant ibodies  and monoclonal antibody fragments t o  be invest igated.  
Radiolabeling vi11 be accomplirhed by l igand exchange, by adding a buffered so la t ion  of 
t he  appropr ia te  rad ioac t ive  metal  ion t o  t h e  reac t ion  solut ion e i t h e r  before  o r  a f t e r  
p u r i f i c a t i o n  from f r e e  DTPA. 
added t o  avoid ca t ion  hydrolysis.  

I f  necessary,  a veak che la te  such a# c i t r a t e  rill be 

Since Hnatmich ha8 reported g r e a t  v a r i a b i l i t y  in the  coupling e f f i c i ency  [as much 
a8 70% f o r  albumin (41 )  t o  a s  l i t t l e  as 13% f o r  fibrinogen (42)1, we w i l l  determine the  
coupling e f f i c i ency  at various anhydrideto-ant ibody molar r a t i o s  f o r  each monoclonal 
antibody t o  be studied. This w i l l  allow us t o  determine an optimal anhydride-to- 

1 0 1 1 4 1 9  
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antibody molar r a t i o  which w i l l  give adequate radionucl ide binding and maximum 
re t en t ion  of immunological a c t i v i t y .  
antibody w i l l  depend upon t h e  coupling eff ic iency f o r  t h a t  antibody and the spec i f i c  
a c t i v i t y  of the radionuclide t o  be used a s  a l abe l .  
antibody molecule w i l l ,  of course, be kept a s  small a s  possible  in order t o  minimize 
per turbat ions i n  the  s t r u c t u r e  and h a n o l o g i c a l  a c t i v i t y  of the DTPA-coupled 
monoclonal ant ibodies .  

The molar r a t i o  used f o r  a p a r t i c u l a r  mnoc1ona1 

The number of DTPA groups per 

I f  fo r  any reason the c y c l i c  DTPA anhydride technique should be unsuccessful, w e  
w i l l  couple DTFA t o  monoclonal ant ibodies  and monoclonal antibody fragments using the 
mixed carboxycarbonic anhydride technique developed by Krejcarek and co-workers (38) 
and modified by Paik and co-workers ( 5 9 )  t o  work on t he  micro sca l e  necessary f o r  
label ing ant ibodies .  

3. Monoclonal ant ibodies  t o  be radiolabeled 

Colon carcinoma is  the second leading cause of cancer deaths in  the United S ta t e s  
(60).  
colon is increasing i n  s i z e .  
radiolabeled monoclonal ant ibodies  f o r  cancer therapy w i l l  be on colon carcinoma. 

Demographic da t a  show t h a t  the age group pr imari ly  affected by carcinoma of the 
Thus, one major area of focus of our invest igat ion of 

Radiolabeling of  two monoclonal ant ibodies  t h a t  have exhibited great  s p e c i f i c i t y  
f o r  g a s t r o i n t e s t i n a l  carcinomas w i l l  be performed. The individual c h a r a c t e r i s t i c s  of 
these two ant ibodies  are described i n  Table 5 (61).  The monoclonal antibodies and 
monoclonal antibody fragments which ve propose t o  study w i l l  be obtained from The 
Wistar I n s t i t u t e  i n  Phi ladelphia ,  Pennsylvania. Researchers a t  t h i s  i n s t i t u t e ,  
including D r .  Zenon Steplewski, a eo-investigator on t h i s  p ro jec t ,  have been a t  t he  
very $,orefront of monoclonal antibody research almost from the beginning of t h i s  work 
(see D r .  Steplewski’s Biographical Sketch). 

TABLE 5 

CRARACTERISTICS OF THE MOROCLOWAL ANTIBODIES TO BE STUDIED 

Isotype 
CDC 
ADCC 
Tumor i n h i b i t i o n  
Antigen: 

Spent Medium 
Serum 
Immtnoperoxidase 

Fro Zen Scc t ion 
P a r a f f i n  embedded, 

f ixed t i s s u e s  
Spec i f  ic  i t y  : 

Assay: 

IgG2a 
no 
Yes 
Yes 
p r o t e i n  

no 
no 

no 
c o l o r e c t a l  
& pancreat ic  
carcinoma 

IgGl 
no 
Y 
no 
s ia  l p  la t  ed 
lac to-N-/fuco- 
pentaoae I T  
Yes 
Yes 

Yes 
co loa ,  
pancreas, 
g a s t r i c ,  
and l i v e r  
carcinoma 

IgGl 
no 
no 
no 
proteo- 
glycan 

yes* 
yes* 

no 
melanoma d 
astrocytoma 

_I- -u_- 

*Only i n  very advanced cases. 
32 



Pr inc ipa l  Inves t iga t* -  
Lee C.  Washburn 

The Wistar I n s t i t u t e  has ava i l ab le  a panel of tumor c e l l  l i n e s  vhich a r e  able  t o  
form tumors i n  nu/nu mice. These include: 

Colon carcinoma 11 c e l l  l i n e s  

Gastr ic  carcinoma 1 c e l l  l i nes  

Pancreat ic  carcinoma 3 c e l l  l i n e s  

Me lanoma 20 c e l l  l i n e s  

Astrocytoma 5 c e l l  l i n e s  

Lung ad enoc a r c  inoma 3 c e l l  l i nes  

B r  e a s t adenoc ar c inoma 5 c e l l  l i n e s  

Our inves t iga t ions  with monoclonal ant ibodies  t o  co lo rec t a l  carcinoma w i l l  begin 
with 1083-17-119 (17-1A). U t i l i z i n g  radioimmunoassay t o  detect  binding of mouse 
monoclonal antibody t o  l i v e  c e l l s  by using r abb i t  anti-mouse F(ab-12 radioiodinated 
IgG, 17-18, was found (62) t o  bind s e l e c t i v e l y  t o  a l l  nine co lo rec t a l  carcinoma c e l l  
l i n e s  studied. 
demonstrated. However, t h ree  lung carcinomas, t en  melanomas, two astrocytomas, one 
breast  carcinoma, and a panel of other  tumor and normal c e l l  l i n e s  d id  not express the 
antigen aga ins t  vhich t h e  antibody i s  directed.  

S p e c i f i c i t y  of 17-1A f o r  pancreat ic  carcinoma has a l s o  been 

The monoclonal antibody 17-1A has been studied f a i r l y  extensively.  Labeling of the 
Although 1-131 is not monoclonal antibody 17-1A with 1-131 has been accomplished ( 1 4 ) .  

a good choice of a r ad io l abe l  because of i n  vivo deiodination, s p e c i f i c  uptake of the 
labeled antibody by human c o l o r e c t a l  carcinomas w a s  e a s i l y  observed (11,16,19,22) . 

The second g a s t r o i n t e s t i n a l  monoclonal antibody t o  be used i s  1116-ITS-19-9 (19-9). 
Unlike t h e  17-1A antibody, it belongs t o  the  IgGl ieotype. Studies i n  an 
h u n o p e r o r i d a s e  system have shown binding of the antibody t o  g a s t r i c ,  l i v e r ,  
pancreat ic  and c o l o r e c t a l  carcinomas (63). 
both 17-1A and 19-9 t o  pancreat ic  carcinoma t i s s u e  is  of great  i n t e r e s t .  Our group has 
had extenaive experience i n  the  detect ion of pancreat ic  tumors u t i l i z i n g  
pos itron-emi t t ing radiopharmaceut i c a  1s such a s  11 C-labeled l-aminoc y c lobu t anecarboxy 1 i c  
ac id  and t h e  resolved stereoisomers of 11C-labeled val ine and tryptophan in  conjunction 
with the  ECAT pos i t ron  tomographic imaging system. 
occurrence of pancreat ic  adenocarcinoma is ,  for tunately,  much less than t h a t  of colon 
and rectal  carcinomas, i t  is  a devastat ing malignancy in  terms of five-year survival  
rates (1-X). which have shown l i t t l e  improvement over the past  years. 
reflects t h e  d i f f i c u l t y  in both ea r ly  detect ion and eff icacy of therapy once detected. 

The f inding of a high s p e c i f i c  binding of 

Although the frequency of 

This f igu re  

A s  seen i n  Table 5 ,  of the two a n t i c o l o r e c t a l  antibodies chosen f o r  study only one 
(17-181 is tumoricidal. 
IgG2a isotype. 
with g a s t r i c  carcinoma (64). 
i n j e c t i o n  of  therapeut ic  amounts of the murine immunoglobulin, the p o s s i b i l i t y  of an 
untovard response e x i s t s .  
ab l e  t o  f u r t h e r  decrease p o t e n t i a l  problems by enabling use of much smaller quan t i t i e s  
of t he  immunoglobulin . 

The t h i r d  and f i n a l  monoclonal antibody t o  be studied i s  the  monoclonal 

This t r a i t  is more general ly  associated with ant ibodies  of t h e  
Monoclonal antibody 17-18 has undergone Phase I tr ials i n  four pa t i en t s  

It appeared general ly  w e l l  t o l e ra t ed  but, with the 

U t i l i z a t i o n  of radiolabeled monoclonal an t ibod ie s  may be 

z 

Q 
-I antimelanoma antibody 691-19-19 (19-19) , isotype IgG1. This antibody i a  directed 
--J 
-GZ 
iv 

against  human cutaneous malignant melanoma. It reacts with the majori ty  of melanoma 
c e l l s  t e s t e d  and with astrocytomas. 
tumors, including c o l o r e c t a l  carcinoma, and normal c e l l s  were c l e a r l y  negative (65) . The radioinnnunoassay r e s u l t s  aga ins t  a l l  other  
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When a radiolabeled monoclonal antibody i s  found which has the  des i red  tumor 
s p e c i f i c i t y ,  Fab and F(ab‘)z fragments of t h a t  antibody, i so l a t ed  by enzymatic cleavage 
wi th  papain and pepsin, r e spec t ive ly ,  w i l l  be t e s t ed  t o  determine whether the  r a t e  of 
blood clearance of the agent i r  increased without loss  of tumor s p e c i f i c i t y .  

4. I n  v i t r o  t e s t ing  of radiolabeled an t ibodies  

The pur i f i ed  chelate-conjugated monoclonal an t ibodies  and monclonal antibody 
fragments w i l l  be subjected t o  an ind i r ec t  radioimmunoassay (RXA) procedure t o  
determine the  spec i f i c  binding of t he  antibody prepatat ions t o  t a r g e t  c e l l s  ( 3 3 , 4 5 1  . 
Dr. 2. Steplewski of The Wistar I n s i t u t u e  i n  Phi ladelphia ,  a co-investigator on t h i s  
app l i ca t ion ,  has agreed t o  rpend two weeke i n  Oak Ridge a s r i s t i n g  ORAU i nves t iga to r s  i n  
s e t t i n g  up the  RIA method. 

In t he  R I A  procedure, varying concentrat ions of the  antibody o r  antibody fragment 
prepara t ion  t o  be tes ted  a r e  incubated i n  m i c r o t i t e r  p l a t e s  f o r  1 hour a t  room 
temperature with 2.5 x 105 tumor c e l l s  of t he  appropriate  c e l l  l i n e  i n  100 ~1 of 
phosphate-buffered sa l ine  containing 5% aganmviglobulinanic horse serum and 0.02% sodium 
azide.  The c e l l s  a r e  then washed th ree  times with i c e  cold buf fer  t o  remove unbound 
ant ibody,  and a second antibody aga ins t  mouse inmunoglobulin F(ab’12 labeled with 1-125 
(50,000 cpm i n  50 p l )  is  added t o  each well. 
temperature,  the c e l l s  a r e  washed th ree  times and r ad ioac t iv i ty  a r roc i a t ed  v i t h  the  
cel l  p e l l e t  is determined. 
aga ins t  t he  logarithm of the  antibody concentrat ion,  the  f r a c t i o n a l  antibody binding 
a c t i v i t y  can be determined by d iv id ing  the  concentrat ion of t he  con t ro l  antibody giving 
50% bwnd rad ioac t iv i ty  by the  concentrat ion of t he  conjugated antibody giving t h e  same 
percentage 1-125 bound a c t i v i t y .  
provide a good measure of t he  immUnologica1 a c t i v i t y  of the  der iva t ized  antibody, 
each assay,  several  tumor c e l l  l i n e s  t h a t  express the  antigen aga ins t  t h a t  p a r t i c u l a r  
antibody w i l l  be used, as w e l l  as seve ra l  t h a t  do not (negat ive binding).  

After incubation f o r  1 hour a t  room 

I f  t he  a c t i v i t y  of 1-125 bound t o  the  cells i s  p lo t t ed  

This f r a c t i o n a l  antibody binding a c t i v i t y  vi11 
For 

I n i t i a l l y  the RIA procedure w i l l  be ca r r i ed  out  on the  pu r i f i ed  conjugates both 
before  and a f t e r  radiolabel ing.  
ind ica ted  t h a t  the presence of t he  metal ion does not a f f e c t  t he  r e l a t i v e  
h a o r e a c t i v i t y  of the  antibody preparat ion.  
c a t r y  out  t he  RIA procedure only on t he  f i n a l  radiolabeled products. . 

However, our preliminary s tudies  (see Section C.) have 

I f  t h i s  continues t o  hold t rue ,  ve w i l l  

The r e l a t i v e  immunoreactivity of t h e  radiolabeled DTPA-conjugated antibody 
prepara t ions  vi11 be arressed by a d i r e c t  R I A  procedure in  which 2.5 x 105 t a r g e t  c e l l s  
are incubated with varying q u a n t i t i e s  of radiolabeled DTPA-conjugated antibody i n  a 
t o t a l  volume of 100 ul. After  1 hour a t  room temperature and th ree  washes v i t h  cold 
b u f f e r ,  t he  r ad ioac t iv i ty  a r6oc ia ted  with the  c e l l  p e l l e t  is counted, and the  f r a c t i o n  
of added a c t i v i t y  bound is  determined f o r  each d i l u t i o n  and compared with the  equiv- 
alent f r ac t ions  of 131I-labeled antibody preparat ion . 

5, Tumor l oca l i za t ion  s t u d i e s  

Preliminary i n  vivo t e s t i n g  w i l l  c o n s i r t  of s tud ie s  t o  aasesr  t he  loca l i za t ion  of 
rad io labe led  monocloxml anti tumor an t ibodies  o r  t h e i r  fragments i n  t ransplanted tumors 
by sc in t igraphy and rubsequent rad io iso topic  t i s s u e  d i s t r i b u t i o n  u u l y r i s .  
tumor8 of the  appropriate  type f o r  each antibody vi11 be produced by inoculat ion of 
nude mice with lo7 c e l l s  of t h e  appropr ia te  tu-r type (maintained in  t i s s u e  culture a t  
ORAU). For each radiolabeled monoclonal anti tumor antibody t e s t e d ,  cont ro l  s tud ie s  t o  
assesr t h e  importance of nonspecif ic  binding rill be done w i n g  monoclonal ant i -  
in f luenza  antibody labeled with the  name radionucl ide by the  same procedure. 
rad io labe led  antibodies w i l l  be dissolved in Eepes-buffered normal saline containing 2% 
bovine scmm albumin and in j ec t ed  i n t o  the  mice via the  t a i l  vein. 
mice w i l l  be used f o r  these  s t u d i e s  when t he  tumors a r e  5-10 mm i n  diameter. 

Sol id  

Ihe  

Tumor-bearing nude 
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S e r i a l  s c in t ig raph ic  imager of the  111In-, 1 6 9 ~ b - ,  and 88Y-labeled monoclonal 
an t ibodies  w i l l  be obtained using our Sear le  Pho-Gamma V gamma camera. The s e r i a l  
image da ta  w i l l  provide t h e  b a r i s  fo r  choosing an appropr ia te  s a c r i f i c e  t i m e  f o r  
fu r the r  t i o sue  d i s t r i b u t i o n  s tudies  v i t h  t h a t  p a r t i c u l a r  antibody der iva t ive .  
Gallium-67 c i t r a t e  w i l l  be studied analogously i n  each tumor type t o  provide a bas i s  
f o r  comparing the  tumor uptake of the  rad io labe led  monoclonal ant ibodies  with t h a t  of 
t h i s  widelylrsed tumor-imaging agent. 
s a c r i f i c e d ,  and the  t i s s u e  d i s t r i b u t i o n  of t he  r a d i o l a b e l  vi11 be measured by standard 
gamma counting techniques. 

A t  t he  end of t h i s  study the  animalr w i l l  be 

fie monoclonal antibody der iva t iver  w i l l  then be radiolabeled with Fm-255 , 88-253 , 
and Y-90, and t i s s u e  d i s t r i b u t i o n  s tudies  w i l l  be c a r r i e d  out a t  the optimal s a c r i f i c e  
t h e  found i n  the  s tud ies  with gamma-emitting rad ionucl ides .  For these radionucl ides ,  
alpha (Fw255 and Ea-253) and beta (Y-90) counting techniques u t i l i z i n g  l i qu id  
s c i n t i l l a t i o n  counting mast be used. 
s tudied as a con t ro l ,  a s  described above. 
animals. The t i s s u e  d i s t r i b u t i o n  data  obtained w i l l  be used i n  ca l cu la t ions  of the  
r ad ia t ion  d o s h e t r y  of these radiolabeled monoclonal anti tumor ant ibodies  (see Sect ion 
D . 7 . ) .  

Radiolabeled ant i - inf luenza antibody will be 
Each experimental  group w i l l  c o n s i s t  of f i v e  

6. I n  vivo tumor nrowth r tud ies  

It has been rhoom by o ther  inves t iga tors  t h a t  hybridoma-derived monoclonal 
an t ibodies  aga ins t  co lo rec t8 l  carcinoma suppress t h e  growth of adenocarcinomas (66) . 
The s tudies  were c a r r i e d  Out  i n  nude mice; The parameters measured are the  ones which 
we intend t o  follow a s  evidence of e f f i cacy  of t h e  radiolabeled monoclonal an t ibodies ,  
viz., tumor volume, time f o r  appearance of tumor ( l a t e n c y ) ,  and incidence of tumor. 

Thymus-deficient 6- t o  8-veek-old nude mice (nu/nu, BALBIC background) w i l l  be used 
as erperrmental  animals. 
inoculated under the  skin of the  neck. When the  tumors are 5-10 oam i n  d iameter ,  the  
animals w i l l  concurrent ly  be in jec ted  intravenously v i t h  monoclonal an t ibodies  o r  t h e i r  
fragments labeled with -255 and Y-90. Control groups w i l l  be inoculated i n  the  same 
manner and w i l l  r ece ive  the  same amount of nonradiolabeled antibody o r  antibody 
fragment. Tumor s i z e s  w i l l  be monitored weekly by measuring the  three  major diameters 
using a ca l ipe r .  The ef f icacy  of the  radiolabeled monoclonal antibody w i l l  be 
determined a180 by changes k t he  latency per iod between the  control  group 
(nonradiolabled antibody) and the  group rece iv ing  t h e  radiolabeled antibody. Results 
from t h i s  por t ion  of t he  study w i l l  be used t o  des ign  the  upcr iments  t o  determine an 
approximate amount of radiolabeled monoclonal antibody or i t s  fragments t o  be 
administered concomitantly and a t  d a i l y  i n t e r v a l s  following tumor implantation. The 
cont ro l  group rill rece ive  the  same amount of nonlabeled antibody or fragments a t  the  
same time in t e rna l .  
nodules i n  the  experimental and cont ro l  groups w i l l  be recorded a s  add i t iona l  
quan t i t a t ive  evidence t h a t  radiolabeled monoclonal an t ibodies  o r  t h e i r  fragments a r e  
e f f icac ious  in a f f e c t i n g  tumor appearance and progression.  Tbe s t a t i s t i c a l  
s ign i f icance  of d i f fe rences  between groups v i l l  be t e s t e d  using ORAU's D i g i t a l  
Equipment Corporation PDP 11/44 computer (768 
Minitab da t a  ana lys i s  sof tvare  package. 

Approximately lo7 tumor c e l l s ,  i n  appropriate  media v i11  be 

Aa well, the  t o t a l  number of nude mice v i t h  palpable masses or 

ki lobytea  of memory) equipped with the  

7. Radiation dosimetrq estimates 

Radiation dosimetry is  an e s s e n t i a l  element in planning a treatment protocol  f o r  
radiolabeled an t ibodies  so t h a t  the  physician can determine how much a c t i v i t y  is 
required t o  achieve the  des i red  e f f ec t .  Although t h e  r ad ia t ion  dose f o r  an indiv idua l  
p a t i e n t  cannot be accura te ly  calculated from the  remlts of animal s tud ie s ,  in i t ia l  
estimates can be nude t h a t  w i l l  help i n  analyzing t h e  usefulness of the  proposed 
antibody and in comparing the  e f fec t iveness  of t h e  d i f f e r e n t  radionucl idic  l abe l r .  
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The s t a f f  of the DOE-FDA Radiopharmaceutical I n t e r n a l  Dose Information Center w i l l  
p a r t i c i p a t e  i n  t h i s  study by advis ing on data  t h a t  should be c o l l e c t e d  t o  f a c i l i t a t e  
the dose estimates and by c a l c u l a t i n g  r ad ia t ion  doses f o r  d i f f e r e n t  radionucl idic  
Labels and d i f f e r e n t  types and s i z e s  of tumors, a s  w e l l  a s  doses i n  normal t i s sues  from 
a c t i v i t y  i n  the tumors. 

4 

During the f i r s t  year of t h e  study, preliminary work ou the  r a d i a t i o n  dosGet ry  
w i l l  be performed. Mathematical models of mouse tumora of various shapes and volumes 
w i l l  be developed. Computer programs w i l l  be developed tha t  w i l l  f a c i l i t a t e  the 
estimation o f  t he  dose d i s t r i b u t i o n  i n  the  tumor and i n  the normal t i s s u e  around the 
tumor. 

As data  a r e  co l l ec t ed  on t h e  t i s s u e  d i s t r i b u t i o n ,  t h e  r a d i a t i o n  dose v i t b i n  the 
tumor volume from the  alphas emitted during decay of Fro-255 and from the  betas  emitted 
during decay of Y-90 w i l l  be ca l cu la t ed  t o  assist  i n  co r re l a t ing  response t o  the 
r ad ioac t iv i ty  ( regression of tumor) with the r a d i a t i o n  dose. In add i t ion ,  calculat ions 
of the dose t o  normal t i s s u e s  from the be t a s ,  conversion e l ec t rons ,  and photons w i l l  
a l s o  be performed. 

In t he  f i n a l  phase of  s tudy,  i f  these agents prove to  have p o t e n t i a l  value f o r  
treatment of human carcinomas, preliminary estimates of the r a d i a t i o n  dose i n  human 
tumors w i l l  be made. This vi11 requ i r e  development of mathematical models of human 
tumors and calucat ions of dose d i s t r i b u t i o n s  i n  and around the  tumors. Because of t he  
nonaniformity of t he  a c t i v i t y  d i s t r i b u t i o n ,  estimates of t he  dose a t  mult iple  s i tes  
within the  tumor volume w i l l  be made t o  g-ive estimates of maximum and minimum doses i n  
the  tumor. 

Because t r a d i t i o n a l  methods of expressing r ad ia t ion  doses such a s  the MBD 
technique are not adequate f o r  cha rac t e r i z ing  the  energy deposi t ion i n  t i s s u e  a t  the 
microscopic l e v e l ,  another method must be u t i l i z e d .  
(HCI)  is funding a three-year program a t  Memorial Sloan-Kettering Cancer Center i n  New 
York t o  develop methods f o r  c a l c u l a t i n g  the  dose from rad ioac t ive ly  labeled antibodies.  
Rodney Bigler, p r inc ipa l  i n v e s t i g a t o r  f o r  t he  HCI  program, has agreed t o  s e n e  as an 
unpaid consultant on t h i s  proposed p r o j e c t  (see attached letter from D r .  Biglet)  t o  
eliminate any dupl icat ion of e f f o r t  and t o  ensure t h a t  the methods used f o r  expressing 
energy deposit ion are i n  harmony with those developed in  the NCI program. This is 
extremely important i n  the  comparison of d i f f e r e n t  agents and protocols .  
has a l so  agreed t o  make measurements of the  fermiuro-255 and yttrium-90 i n  the 
anthropomorphic phantom being developed as p a r t  of the N C I  program. 
calculat ions of the r a d i a t i o n  doses t o  normal t i s s u e s  around t h e  t a r g e t  t i s sues .  

The National Cancer I n s t i t u t e  

Dr. Bigler 

This w i l l  v e r i f y  

8. Proiected c l i n i c a l  t r i a l s  

Although no funds a r e  requested i n  t h i s  proposal f o r  c l i n i c a l  s t u d i e s ,  it is  
obvious t h a t  any radiolabeled an t ibod ie s  and/or antibody fragments found i n  these 
p r e c l i n i c a l  s tud ie s  t o  have s u f f i c i e n t  p o t e n t i a l  w i l l  be submitted t o  c l i n i c a l  
evaluation. 
9%-labeled monoclonal an t ibod ie s  f o r  radioimmunotherapy of cancer w i l l  be carr ied out 
a t  t he  American Oncological Hospi ta l  
Philadelphia,  PA. 
appropriate.  

It is expected t h a t  eventual c l i n i c a l  t e s t i n g  of t he  255Fm- and/or 

of the Fox Chase Cancer I n s t i t u t e  i n  
The c l i n i c a l  protocols  w i l l  be developed f o r  WCT approval when 

I 
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9 .  Timetable f o r  t h e  i n v e r t i n a t i o n  

a. F i r r t  year 

During the f i r r t  year of t h e  grant  award per iod,  our e f f o r t 8  w i l l  be pr imari ly  
d i r ec t ed  toward optimization of the condition8 f o r  coupling DTFA t o  monoclonal 
ant ibodies  and monoclonal antibody fragment8 and f o r  radiolabeling the  antibody 
conjugates. 
insure  r e t en t ion  of innmanological s p e c i f i c i t y  of t h e  radiolabeled antibodies.  
Scint igraphic  and t i r b u e  d i r t r i b u t i o n  r t u d i e r  of t h e  antibodier labeled with 
g.mnra-aaitting radionuclides w i l l  begin. 

, 

The r a d i o ~ n o a r s a y  procedure w i l l  be developed a t  O U U  and used t o  

b. Second year 

During t h i r  period t h e  b a r i c  s c in t ig raph ic  and t i s s u e  d i s t r i b u t i o n  r tud ie r  w i l l  be 
completed, including t i s s u e  d i s t r i b u t i o n  s t u d i e r  of monoclonal ant ibodies  labeled with 
Fnr255, Y-90 , and Es-253. 
d i s t r i b u t i o n  data w i l l  begin. 
Pm-255 and Y-90 t o  determine the  appropriate  dose f o r  best  tumor regresrion. 

Calculat ions of r a d i a t i o n  dorimetry uring the t i r r u e  
We vi11 a l s o  begin t o  tes t  antibodrer labeled with 

C. Third year 

The r ad ia t ion  dorimetry ca l cu la t ion8  and in vivo tumor growth s tud ie s  w i l l  be 
completed. 
extensive animal t e s t i n g  a1 required f o r  f u t u r e  c l i n i c a l  invert igat ion.  

The radiolabeled an t ibod ie s  t h a t  show t he  mort promise w i l l  undergo f u r t h e r  

E. Human Subiectr .  Derived Materials o r  Data 

Doer not  apply. 

F. Vertebrate Animals 

Nude mice bearing t r an rp lan ted  tumors of t h e  appropriate  type f o r  each radiolabeled 
monoclonal antibody t o  be  tested w i l l  be used f o r  t h e  b iod i r t r ibu t ion  t x p e r h e n t r .  
Approximately 200 of t h e s e  animal8 per year are expected t o  be required. 
these animals w i l l  be necesrary in order t o  accomplirh the  object ives  of t h i r  rerearch. 
Procedure8 t o  be ured f o r  anima1 care are i n  f u l l  accordance with the DREW Guide ar 
indicated in the Aasurance Statement. 

S a c r i f i c e  of 

G. Conuultantr 

A le t ter  from Dr. R.L. Hayes, t he  r e t i r e d  Head of P rec l in i ca l  R a d i o p h 8 ~ c e u t i c a l  
Development f o r  ORAU’s Medical and Health Science8 Division, who w i l l  be a consultant 
on t h i r  project ,  is attached. 

B. Consortium Arrannemcntr o r  Formalized Collaborative k r e a n e n t r  

The major co l l abora t ion  involved i n  t h i r  p r o j e c t  i r  between ORAU and The Wirtar 
I n s t i t u t e  (see attached letter from Dr. Zenon Steplewrki, a co-invertigator on t h i s  
p ro j ec t )  . 
antibody fragments, as w e l l  ar  t h e  tumor l i n e r  which are required f o r  t h i r  project .  He 
w i l l  alro work with O U U  h v e r t i g a t o r r  t o  ret up a t  O U U  the  radioi~mmnoarray procedure 
necerrary t o  v e r i f y  t h e  r e t e n t i o n  of antibody specif  i c i t y  a f t e r  radiolabeling. The 
only cortr t o  the program w i l l  be f o r  Dr. Step lcv rk i  t o  make three v i s i t 8  per year t o  
Oak Ridge. 

This co l l abora to r  w i l l  provide t h e  monoclonal antibodier and monoclonal 
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In a d d i t i o n ,  l e t t e r s  from Dr. John Bigelow of Oak Ridge National Laboratory and Dr. 
Rodney Big ler  of Memorial Sloan-Kettering Cancer Center (New York) are also attached. 
D r .  Bigelow has agreed t o  provide t h e  fermium-255 and einsteinium-253 needed f o r  t h i s  
p ro jec t ,  and D r ,  Bigler  has agreed t o  gran t  us access  t o  the  model he is developing f o r  
t h e  National Cancer I n s t i t u t e  f o r  es t imat ing  the  absorbed r ad ia t ion  dose from radio- 
labeled monoclonal ant ibodies .  f 
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May 4, 1984 

D r .  Lee  C. Washburn 
Radiopharmaceutical Development 
Medical and Health Sciences Division 
O a k  Ridge Associated Un ive r s i t i e s  
P.O. Box 117 
Oak Ridge, TN 37831 

Dear Lee: 

I am, as you are aware, very much i n t e r e s t e d  i n  the progress of t h e  
work v i t h  chelat ing de r iva t ives  of emor-spec i f ic  monoclonal ant ibodies  
f o r  p o s s i b l e  use in radiotherapy of cancer. Should your grant proposal 
e n t i t l e d  "Radiolabeled Monoclonal Antibodies f o r  Cancer Therapy" be funded, 
I would consequently be de l igh ted  t o  act i n  a consultant capacity t o  the 
p ro jec t .  Hy bes t  wishes. 

S inse re ly  yours, 
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Principal Investig r 
Lce C.  Washburn 

THE WXSTAR INSTITUTE 
THIRTY-SIXTH !STREET A T  SPRUCE 

PHILADELPHIA, PA. 19104 

May 4, 1984 

Dr. Lee C. Washburn 
Radiopharmaceutical Development 
O a k  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. 

ZS:ets 
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Pr inc ipa l  Investig r 
L2e C. Washburn 

OAK RlDGE NATIONAL LABORATORY 
apQIulED BY MARTIN EmROY SYJrars. INC. 

May 8, 1984 

D r .  Lee C. Washburn 
Radiopharmaceutical Development 
Oak Ridge Associated Univers i t ies  
P. 0.  Box 117 
O a k  Ridge, l!N 37831 

Dear D r .  Washburn: 

I would be pleased t o  work with you on the  development of radiolabeled 
monoclonal ant ibodies  fo r  cancer therapy. The isotopes to  which you re fer red ,  
2s3Es and 255Fln, are produced at  ORNL along with other isotopes of heavy ele- 
ments under the  National Transplutonium Element Production Program administered 
by the Off ice  of Energy Research of the  U.S. Department of Energy. These 
nucl ides  become available one or  two times a year when groups of t a rge t s  irra- 
d ia ted  i n  the  High Flux Isotope Beactor are processed a t  the  Transuranium 
Processing Plant. The products of these  operat ions are made ava i lab le  t o  
in t e re s t ed  researchers  i n  the United S t a t e s  upon approval of the  Director of t he  
Division of Chemical Sciences, based on a l loca t ions  recommended by the  
Transplutonium Program Committee. I Cannot commit these groups to  supply 
materials in the  fu tu re ,  but it is t h e i r  pol icy t o  make materials ava i lab le  t o  
qua l i f i ed  researchers  if a t  a l l  possible .  
made i n  October, 1982, you have been a l loca ted  tracer mounts of 2 5 3 ~ ~  a d  255h 
from our next campaign, now scheduled f o r  t he  f a l l  of 1984. 

antities ava i lab le  in a t y p i c a l  campaign are 0.6 TBq of 253Es and 2.5 
aq of 25%. me einsteinium is In  excess of your needs. The fermium is 
present  as the  daughter of 40-day €%s and could be milked repeatedly from the  
mixture of einsteinium isotopes . However, processing losses  and decay during 
p u r i f i c a t i o n ,  packaging and shipment would l i m i t  the amount Of 25%m del ivered 
t o  your laboratory to  the order of 0.4 G8q (-10 mCi). 

As a r e s u l t  of your verbal  request 

The 

We can furnish -deet clmounts of these isotopes for  research and devel- 
opment purposes without charge (except f o r  Isotopes Distr ibut ion Office handling 
charges). Should your requests increase t o  the  point of consuming a s i g n i f i c a n t  
port ion of our resources, we would have t o  reevaluate  the supply and cost  pic- 
tu re .  

Yours very t ru ly ,  

4. E. Bigelow, Sc.D. 

JEB:amsp 

1 0 7 7 4 3 4  
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r'rincipal InvestiguLor 
Lee C. Washburn 

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 (N01-04-37565) titled, 
"Dose calculations for cancer therapy using radioactively 
labeled antibodies directed to tumor associated and/or 
tumor specific antigens". 
we will be happy to assist you in preparing treatment plans 
based upon the use o f  data to be made available by your 
proposal. 

dose measurements where appropriate with our dose measuring 
i ns trumenta t i on. 

Within the scope of this contract 

In addition we will be glad o give you the results of 
our cellular level dose estimates for 2 f S  Fm and to make radiation 

If I can be of 
phase of this research, 

this proposal 
to ask. 

Rodney\ Bi gl er , Ph . D . 
Bi ophys i cs Laboratory 
Sloan-Kettering Institute for 

Cancer Research 
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'Oak  Ridge 
Associated Post Office Box 11 7 
Universities Oak Ridge, Tennessee 37831 -01 17 

D r .  W i l l i a m  R. Bibb, D i r e c t o r  
Energy Programs and Support  Divis ion 
AMERD/Federal Bui lding 
Department of Energy 
Oak Ridge, TN 37830 

Subject :  DRAFT PROPOSAL TO N I H  FOR NEW PROJECT ENTITLED "RADIOLABELED 
MONOCLONAL ANTIBODIES FOR CANCER THERAPY" 

Dear D r .  Bibb: 

Enclosed are t h r e e  d r a f t  copies  of a new proposa l  t o  N I H  for a p r o j e c t  
e n t i t l e d  "Radiolabeled Monoclonal Antibodies  f o r  Cancer Therapy". 
p r i n c i p a l  i n v e s t i g a t o r  f o r  t h e  proposed r e sea rch  is  D r .  Lee C .  Washburn. 
Should the proposa l  be funded, t h e  work would be  c a r r i e d  out  under p o l i c i e s  
and procedures  a l r eady  e s t ab l i shed  between ORAU and t h e  DOE. A statement  con- 
cern ing  use  of DOE f a c i l i t i e s  f o r  such work is included on page 2 1  of t h e  
proposal .  

The 

We would a p p r e c i a t e  your review and approval  of t h i s  proposal.  F ina l  

Should any ques t ions  arise dur ing  your review, please do 
cop ie s  should be forwarded t o  N I H  no later than June 26 i n  order  t o  meet t h e  
J u l y  1 deadl ine .  
no t  hesitate t o  c a l l  D r .  Washburn a t  6-3099. 

S i n c e r e l y  yours ,  

W i l l i a m  E. F e l l i n g  
Execut ive Di rec to r  

- RYAN:sm 
m 
-J Enclosure 
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ABSTRACT OF RESEARCH PLAN: Stale The appllcauon'i long-term ObjectIIIcs and specific alms. makmg reference to The hcelth relatedness of the 
project. and describe concmly the methodolopy for achlevlng these goals. Avold summaries of pari accornpllshmentr and The use of The first p e r m .  
The absrracl IS meant to serve as J succinct and accurme dercrtpnon of the proposed work when separated from the applcarton. DO NOT EXCEED 
THE SPACE PROVIDED. 

lonoclonal  a n t i b o d i e s  and monoclonal an t ibody fragments  w i th  h igh  s p e c i f i c i t i e s  f o r  
iuman malignancies  w i l l  be cova len t ly  coupled t o  DTPA v i a  t h e  c y c l i c  DTPA anhydride 
:echnique t o  provide a means f o r  l a b e l i n g  such agen t s  w i t h  polyvalen t  metal r ad ionuc l ides  
rhe p o t e n t i a l  of radioimmunotherapy us ing  monoclonal a n t i b o d i e s  l abe led  w i t h  t h e  alpha- 
m i t t i n g  r ad ionuc l ide  Fm-255 (TI 2 = 20.1 h)  and be ta-emi t t ing  Y-90 ( T I  2 = 64.0 h) w i l l  
)e s t u d i e d  p r e c l i n i c a l l y .  Antib d i e s  d e r i v a t i z e d  via t h e  b i f u n c t i o n a l  c h e l a t e  technique 
d i l l  be t e s t e d  by a radioimmunoassay technique  t o  v e r i f y  t h e i r  r e t e n t i o n  of immunological 
n c t i v i t y .  Following r a d i o l a b e l i n g  nude mice bear ing  t h e  appropr i a t e  tumor type  f o r  each 
nonoclonal ant ibody w i l l  be  used t o  test t h e  s p e c i f i c i t y  of tumor uptake.  
Labeled wi th  t h e  gama-emi t t ing  r ad ionuc l ides  In-111, Yb-169, and Y-88 will be used f o r  
s c i n t i g r a p h i c  and t i s s u e  d i s t r i b u t i o n  s t u d i e s  t o  determine t h e  time course of t h e  tumor 
ip t ake  of r ad io l abe led  ant i tumor monoclonal a n t i b o d i e s .  
nonoclonal ant ibody w i l l  be  used t o  c o n t r o l  f o r  nonspec i f i c  binding. 
then be l abe led  wi th  Fm-255, Es-253 ( a  longer - l ived  a lpha  emitter t o  be used as a model 
€o r  Fm-255), and Y-90, and f u r t h e r  t i s s u e  d i s t r i b u t i o n  s t u d i e s  will be  c a r r i e d  out .  
t i s s u e  d i s t r i b u t i o n  d a t a  w i l l  be used as t h e  b a s i s  f o r  r a d i a t i o n  dosimetry c a l c u l a t i o n s  
using t h e  anthropomorphic phantom be ing  developed elsewhere.  Tumor r e g r e s s i o n  s t u d i e s  
r i l l  be c a r r i e d  out t o  a i d  i n  t h e  assessment  of t h e  t h e r a p e u t i c  p o t e n t i a l  of 255Fm- and 

'Y-labeled monoclonal an t ibody d e r i v a t i v e s .  This m u l t i d i s c i p l i n a r y  r e s e a r c h  program, 
combining t h e  f i e l d s  of bio-organic  chemistry,  immunochemistry, and radiopharmacology, 
could lead  t o  improved methods f o r  radioimmunotherapy of malignant processes  i n  man. 

6 / 

Antibodies  

A r ad io l abe led  a n t i - i n f l u e n z a  
The a n t i b o d i e s  w i l l  

This 

VERTEBRATE ANIMALS INVOLVED ON3 a YES I f  "YES," ldenrlfy by common names and underline primmer. 

Nude mice bear ing  t r ansp lan ted  tumors. 
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Lee C. PRINCIPAL Ih'VESTlCATOR,'?ROCRAM DIRECTOR: L ' a s m m  - 
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I 2 
12 i 3 820 

1 888 
9 150  2 105 
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> 244 
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w i l l  s e r v e  as a Co- Inves t iga to r  a t  5 %  e f f o r t .  The on ly  expense  involved  w i l l  
b e  f o r  h i s  t r a v e l  f o r  t h r e e  t r i p s  t o  Oak Ridge  p e r  y e a r  @ $600.00 ea. 

OTHER EXPENSES (Ircmizc b y  cwtcgory) 

P u b l i c a t i o n  costs  

IOf1440 TOTAL DIRECT COSTS (Also enter on page I, item 7)  
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PRINCIPAL INVESTI GATOR/PROCRAM DIRECTOR: Lee C - Washburn 
B" SET FOR ENTIRE PROPOSED PRC 'CT PERIOD 

DIRECT COSTS ONLY 

BUDGET CATEGORY 
TOTALS 

PERSONNEL ISalrry and 
fringe bmcfitsJ 
IXppticant organizerion odvl 

CONSULTANT CCSTS 

EQU I PM E N 1  

SUPPLIES 

DOMESTIC 

T R A V E L  
FOREIGN 

PATIENT INPATIENT 

CARE 

OUTPATIENT 

ADDITIONAL YEARS SUPPORT REQUESTED 

2nd 3rd 41h 5th 

1 s t  BUDGET 
PERIOD 

{from p a p  4)  

66,740 76,385 81,730 

800 800 800 

4 - 000 - -  - -  
8.300 8.600 9.000 

2,000 2,200 2,400 

JUSTIFICATION (Use continuation Pages if necessary): Describe the specific functions of the personnel and consultants. I f  a recurring annual increase 
in personnel costs is anticipated. give the  percentage. For ai/ years, justify any costs for which the need may not be obvious. such as equipment. foreign 
travel, alterations and renovations, and consoniumkontractual costs. For any additional yean of tuppon requested, justify any siQnificant increases in 
any category over the first 12 month budget period. In addition, for  COMPETING CONTINUATION eppliwtiont, justify any significant increases over 
the current level of support. 

ALTERATIONS AND 
RENOVATIONS 

Recurr ing annual  i n c r e a s e  i n  personnel  c o s t s  of 7% a n t i c i p a t e d ,  
p h y s i c i s t  i n  y e a r s  2 and 3 included.  

Increased  e f f o r t  of 

CONSORTIUM/ I 
CONTRACTUAL COSTS 1,800 

5 00 CTHEA EXPENSES 

T O T A L  DIRECT COSTS 
84,140 

T r a v e l  c o s t s  are for  t h r e e  i n v e s t i g a t o r s  t o  each a t t e n d  one domestic s c i e n t i f i c  meeting p e r  
y e a r ,  such as t h e  Annual Congress f o r  Hybridoma Research and n a t i o n a l  and r e g i o n a l  meetings 
of t h e  Soc ie ty  of Nuclear Medicine. 

2,100 2,400 

700 800 

90,785 97,130 

The w a t e r  p u r i f i c a t i o n  system reques ted  w i l l  p rovide  t h e  u l t r a p u r e  water 'which is r equ i r ed  
f o r  t h e  chromatographic s e p a r a t i o n s  t o  be done i n  th i s  p r o j e c t .  

T O T A L  FOR ENTIRE PROPOSED PROJECT PERIOD (Also enter on page 1, item 81.-w 

J u s t i f i c a t i o n  of Personnel :  

$ 

777 0 5 5  

1. D r .  Washburn, t h e  P r i n c i p a l  I n v e s t i g a t o r ,  is a radiopharmaceut ical  chemist  who w i l l  

2. 

3. D r .  Crook, a Co-Invest igator ,  is a c l i n i c a l  pharmacologist  who w i l l  p rovide  e x p e r t i s e  

provide  t h e  o v e r a l l  guidance f o r  t h i s  r e sea rch .  
Dr. Hcbner, a Co-Invest igator ,  is  a phys ic i an  wi th  s t rong  backgrounds i n  both 
inmunology and nuc lea r  medicine. 

i n  t h e  animal b i o d i s t r i b u t i o n  work-. 

He will prov ide  on - s i t e  l eade r sh ip  in t h e s e  areas. 

1 0 1 1 4 4 1  - (cont inued on nex t  page) 
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Justification of Personnel: (continued) 

4. 

5 .  

6 .  

7. 

8 .  

9. 

10. 

Dr. Steplewski of The Wistar Institute, a &-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 derivatization. 

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

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 bioorganic 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 development, is 
experienced in chromatographic separations of proteins, radiolabeling techniques, 
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. 
pharmaceuticals, physical characteristics of radionuclides, and radiolabeling 
techniques. 

He has expertise in tumor-localizing radio- 

He will be a consultant in these areas (four visits per year). 

1 0 1 1 4 4 2  
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~ I F I E L Z  Cc STUDY 
e/ CONFERRED , 

I I 

ih'SflTUSION AND L O C A T I O N  

I I 

R U E A R C H  AND/OR PROFESSIONAL EXPERIENCE: Concluding wlih prcvnr D O S I ~ I O ~ .  IISI on c h r o n o i o ~ ~ c i i  oroer DreVlOul em0ioymen1, e-r~. 
rnce. and honors. lncluoc oresent memborhto on inv  Feocril Gowrnment Fubllc Xdrlrory tommlncc .  bn. In chmnoioglcat omcr, Tne titi- Jee 
com34ert t c l c t tnn  10 ail DuSliOiions during :he 3af:  IhfCt veers JnC 10 rr~re1ent8t1ve errlwr Dubi101rons oen1ner.1 to fhls iOD11C81lOn. D3 NGT 
EXCEED TWO PAGES. 

1972 

1972 - 1973 

1973 - p r e s e n t  

Research A s s o c i a t e ,  Chemistry Depzrtment,  V m d e r b i l t  U n i v e r s i t y ,  
N a s h v i l l e ,  Th' 
P r e s i d e n t i a l  I n f e r z ,  H e d i c r l  2nd H e a l t h  S c i e n c e s  D i v i s i o n ,  O a k  Ridge 
P s s o c i a t e d  Universi t ies ,  O&k Ridge,  TX 
S c i e n t i s t  (Cheaist), PIedicai znd I ies lzh S c i e n c e s  D i v i s i o n ,  O a k  Ridge 
Assoc ia ted  U n i v e r s i t i e s ,  Ozk Ridge,  TN 

Hosors : Alpha Chi; S h e l l  O i l  Foundazion P r e d o c r o r a l  €ellowship (1971-1972) 

P u b l i c a t i o n s :  

W a h b u r n ,  L.C., Blair, L.D., Byrd, B.L., end Sun, T . T .  Comparison of Ga-68 EDTA, 
Z1-l C I a - d n o i s o b u r y r i c  
b iood-bre in  barr ier  les ion.  J . Kucl. ?led. ( s c b n i t t e d )  

a c i d ,  and [ E 9 T c ~ s o i i u ~  p e r t e c h n e t a t e  in an experimental 

Uzshburn, L.C.,  Sun, T.T. ,  Byrd, B.L., an2 C z l l a h a n ,  A.P.  
a d  [ I  lCBL-crypcophan by high-perf o x z n c e  Liquid c h r o m t o p r e p h g  . 
( s u b z i t  t e6 ) 

R e s o l u t i o n  of [llCjDL-leucine 
E c r  . J .  Nucl. Ned. 

Slznk, ?l.L., Byrd, B.L., Cress, E .A. ,  XZSKDCXI, L.C., 2nd Snyder ,  F. L i p o s o m l  

y t t e r b i m - 1 6 ?  f r o 3  r z t  t i s s u e s .  Toxicology ( i n  p r e s s )  
. p r e p a r a t i o n s  of calcium- o r  zinc-DTPk have E h igh  e f f i c a c y  f o r  removing c o l l o i d a l  

L l t c 1 e f i e l 6 ,  L.G. ,  J o i n e r ,  E.E., Colye r ,  S.?., DuFrain,  R . J . ,  and Xas'nburn, L.C. 
Eviiiuzzions of cellular p r o l i f e r a i i o n  2 n d  chrozosome breakages  a f t e r  i n  v i t r o  exposure 
of h m a n  l p p ' n o c y t e s  to c a l c i u z  or t l n c  Di?i.. R a d i e t .  Res. ( i n  p r e s s )  

Wzs'nburn, L . C . ,  Sun, T.T., Byrd, B.L., and Kz5alk2, G.W.  E f f e c t  of s t r u c t u r a l  a l t e r a -  
t i o n s  on the u?iake 2nd c l e e r a n c e  of p r i n z q -  e l i p h e r i c  a i i n e s  i n  ra t  lung.  J .  Label ied 
C C Z ~ ~ S .  ~ ~ ( S O S .  11-12):1282-1283, 1982. 

I_ k s ' r r l u r n ,  L.C., Sun, T.T., Byrd, B.L., Rzftc:, J.J., Hayes, R.L., Frey,  R.A., and 
0 k-granoff,  B . K .  
--J bra in  a i n o  a c i d  t r a n s p o r t .  In Nuclear  X e e i c i n e  2nd S i o l o g y ,  V o l .  1, E. Raynaud, e&., 
3 P e r g a o n  Press, P a r i s ,  F r a c e ,  1982, pp. 6L2-645.  

]IC-ACHC, a p o t e n t i e l  a g e ~ t  f o r  p o s i t r o n  tomogrzphic measurement of 

F 

Rabzlka, G . X . ,  Gooch, E.E., Eso, H . C . ,  Uash5,cn, L.C. ,  Sun, T.T., and Hayes, R.L. 
Rz?id and sTntheses  of r a i i c i o d i i i a t e 2  es:rogen d e r i v a i i v e s  v i a  organoborane 
technolog?.  
m c  Y .  Xorcos ,  e a s . ,  P e r g a o r ,  P r e s s ,  Sew Yczk, 1982,  7 3 .  197-203. 

w 

2 Q p l i c a t i o s s  o f '  Nucleer zi ? z i i o c h e t l i s c r y ,  C h a ~ t e r  17, R . X .  Lambrecht 
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Vashburn, Lee Cross 

?:bllczZions: (Le'e C .  Washburn) 

E;;jner, K.F., King, P., Gibbs,  V.D., Pzrcaln,  C.L., Washbum, L . C . ,  Hayes, R.L. 2nd 
Y o l l o ~ a y  , E. 
coiuputer ized tomography i n  p a r i e n t s  r i t h  n e o p l a s t i c  diseases. I n  "Medical Radionucl ice  
Inaging 1980", Vol 11, ZAEA, V i e m a ,  1981, pp. 515-529. 

Clin ica l  i n v e s t i g e t i o n s  w i t h  "C-lz5eled &no a c i d s  u s i n g  p o s i t r o n  emission 
- 

Bibner, K.F., King, P . ,  Gibbs,  W.D., h s h b u r n ,  L.C., and Ezyes,  R.L. 
' computer ized  tomography: A p o t e n t i a l  t o o l  f o r  i n  v i v o  q u a n t i t a t i o n  of t h e  d i s t r i b u t i o n  
of r a d i o p h z n r a c e u t i c e l s .  
E. E. Wztson, A. T. Schlafke-Sce lson ,  3 .  L. Cof fey ,  znd R. J .  C l o u c i e r ,  eds . ,  Bureau cf 
R a d i o l o g i c a l  H e a l t h ,  R o c k v i l l e ,  MD, 1981, pp. 77-86. 

P o s i t r o n  eniss ic :  

T n i r d  I n t e r n a t i o n a l  Radiopharmaceut ica l  Dosimetry Synposlrrs, 

Hiibner, K.F., Krauss ,  S . ,  Washburn, L.C. ,  Gibbs,  W.D,, and Holloway, E.C. 
with  1 - d n o c y c l o p e n t a n e  a i d  I-aminocyclobutzne f " CJ ca rboxTl i c  a c i d  u s i n g  p o s i t r o n  
d s s i o n  coiiipucerized tomography, C l i n .  Nucl.  ?led. 6:249-252, 1981. 

Tumor d e t e c t i o n  

Case?, D.L., D i g e n i s ,  G . A . ,  Wesner, D.A. ,  
Callzhan, A.P. 
and  L-phenyla lan ine .  I n t .  J. Appl. R a d i z t .  Isot. 32:325-330, 1981. 

Washburn, L.C. ,  Chaney, J . E . ,  Bayes, R .L . , . znd  
P r e p a r a t i o n  imd p r e l i m i n e r y  t i s s u e  s t u d i e s  of o p t i c a l l y  a c t i v e  C-11-11- 

W32lke, G.  W., Gooch, E.E., Sun, T.T., and Uas'nburn, L.C. 
l z b e l i n g  f r r n c t i o n e l l y  s u b s t i t u t e d  molecules  r i t h  i o d i n e  r a d i o n u c l i d e s .  J. Label led  
Co=?d. Rzdiopharn.  18:117-118, 1981. 

A r a p i d  and d l d  methoa f o r  

Veshburn,  L.C., Ringenberg,  R.E. ,  Sun, T . T . ,  2nd Bizyes, R.L. ' ' C-Labeled 1-&no- 
c y c l o h e x z n e c a r b o x y l i c  a c i d  ('IC-ACHC) , a p o t e n t i e l  agen t  f o r  s t u d i e s  of &no acid 
t r a n s p o r t  i n  the b r a i n .  J .  L z b e l l e d  Compd. Radiopherm. 18 (Nos. 1-2):33-14, 1981. 

Blank, H.L., Cress, E.A. ,  Byrd, B.L., Uashbyrn, L.C. ,  and Snyder ,  F. 
s u l a t e d  Zn-DiPk for removing i n t r a c e l l u l a r  16-Yb.  

Liposonal encap- 
B e a l t h  Phys ic s  3?:913-920, 1980. 

Biibner, R . F . ,  hdrevs,  G . A . ,  Buonocore, E., Ezyes ,  R.L.,  Washburn, L.C., C o l h n n ,  I.R., 
2nd Gibbs ,  V.D.  
g r a p h i c  imaging of t h e  human panc rezs .  3. h'ucl. Ned. 20:507-513, 1979. 

Carbon-11-labeled amino a c i d s  f o r  t h e  r e c t i l i n e a r  a n d  p o s i t r o n  tomo- 

Washburn, L.C., Sun, T.T., Byrd, B.L. , &yes ,  R.L., and B u t i e r ,  T.A. 
tzae[' l C h z b o x y l i c  a c i d ,  a p o t e n t i a l  agent  for tumor l o c a l i z a t i o n .  

1-Adnocyclobu- 
J. Nucl. Xed. 

20:1055-1061, 1979. . 

Washburn, . .  - L.C. , Sun, T.T. , Byrd, B.L., Hayes,  R.L. , and B u t l e r ,  T.A. 
' - C i t q p t o p h a n ,  a p o t e n t i a l  agen t  f o r  p a n c r e a t i c  imaging: p roduc t ion  and  p r e c l i n i c a l  
i n v e s t i g a t i o n s .  J .  Nucl. Ned. 20:857-864, 1973. 

DL-[Carboxyl- 

Vashburn, L.C. ,  Sun, T.T., Byrd, B.L. ,  Hayes, X.L., B u t l e r ,  T . A . ,  and Ca l l ahan ,  A.P. 
E i g k - l e v e l  p r o d u c t i o n  of C-ll-carbox3.l-lab€led &no a c i d s .  I n  Rad iopha rnaceu t i ca l s  
11, SOC. h 'ucl .  ?leB., Kev York, 1979, pp .  767-777. 

- 

Vasnburn,  L.C., Sun, T.T., Anon, J . B . ,  2nd fieyes, R.L. E f f e c t  of s t r u c t u r e  on tumor 
s p e c i f i c i t y  of a l i c y c l i c  a-&no a c i d s .  Cancer R e s .  38:2271-2273, 1978. 

Kzshburn, L.C., tY'ieluld,  B . V . ,  Sun, T.T. l iayes,  R . L . ,  and B u t l e r ,  T.A. 
Valine, z p o c e n t i a l  pancreas- imaging a g e n t .  J .  h'ucl. Ned. 1?:77-83, 1978. 

[l-']C>L- 

Hayes,  R.L., Vashburn, L.C., F i e l a n d ,  B . V . ,  Suzi, . .  T.Y . ,  Anon, J . B . ,  B u t l e r ,  T.A.,  and 
C d l z h a n  , A .  P. S y n t h e s i s  and p u r i f  i c z t i o n  of C-carboxyl- labeled amino a c i d s .  In:. *J. k.7 
i b 2 i a c .  I s o z o p e s  2?:186-187, 1978. 



I ,, . 
I P r i n c i F d  I r w e s t i g a t o r  

Jwes Edvzrd Crook C l i n i c d  P h a m a c o l o g i s t  
EDUCATION ldcprn wirh baccalaurerrr or omcr mitral D ~ O ~ ~ u i O n ~ I  cout.1101; ~ n l  rncludc posrdocrora! rrarnrnpl 

cncc. ma honow. lncludt prcrenl memkrShtD on any Federal Covcmmmi Public Advisory Commtttn. Ltst. in ChronoIopicDl order, the titles Dnd 
comDIett references to D l l  DubliCcllons during Iht P I S 1  thrce yeen Dnd 70 reprtsentallvt rarller publ~cetionr penrnent 10 This 8~plicarion. DO NOT 
EXCEED TWO PACES. 

1964 .- 1966 

1967 - 1974 

1979 - 1980 

1980 - 1983 

1980 - 1983 
1963 - p r e s e n t  

Honors : 

P u b l i c a t i o n s :  

L a b o r z t o q  S c i e n t i s t  ( c l i n i c e  chemisr ry  and  coagu le t ion  
U n i v e r s i t y  of Yaryland Shock-Trauma Resezrch C e n t e r ,  
Bz l t imore ,  MI) 

P h y s i c e l  Sc ience  T e c h n i c i t n ,  I jn i ted  S t a t e s  P u b l i c  
B e z l t h  S e r v i c e  H o s p i t z l ,  Ba l t imore ,  HD 

A s s i s t z n t  Director of C l i n i c a l  Phermacology , 
USV L z b o r z t o r i e s ,  TuckAoe,  hT 

A s s i s t a n t  P r o f e s s o r  of Medicine,  A s s i s t a n t  P r o f e s s o r  
of PharizyocoloE znd Toxicology,  Xed ica l  Col lege  of 
V i s  cons ia , E l w a u k e e  , LT 

S t a f f  P n y s i c i a ,  VA M e d i c a  Center., Wood (Milwaukee), K 

D i r e c t o r  of % & i o p h a m a c e u t i c &  Developmenr and 
P r e c l i n i c a l  S u c l e a r  Medicine, Assistanr D i r e c t o r  of 
C l i n i c a l  h 'ucleer Medicine,  Medicel  a n d  Bez l th  Sc iences  
D i v i s i o n ,  O& Ridge Assoc ia t ed  U n i v e r s i t i e s ,  
Oak Ridge ,  TS 

University of ?kry land  Graduate School Fe l lowsh ip  

Crook, J.E. and Mroczkowski, P . J .  Red Cel l  Sz-Z C o t r z n s p o r t :  Dose-Response Effects  of 
F u r o s e z i d e  I n 5 i b i t i o n  i n  Black a d  R i t e  Npper rens ives .  
n a z i o n a l  Conference on D i u r e t i c s ,  Elsevier Sc ience  P u b l i s h i n g  Co. , N .Y. 1984 ( i n  p r e s s )  

'In Proceedings  The F i r s t  Inter- 

Crook, >.E. and Mroczkowski, 3 . 5 .  Dose Response E f f e c t s  of F u r o s e d d e  I n h i b i t i o n  on 
- E r y t h r o c y t e  S o d i m P o t a s s i u m  Co-Traasport  i n  L k i t e  and Black Normotensives znd Byper- 
O t e n s i v e s .  C l i n .  Res. 32:204A, i984 

-I Crook, J . E .  a d  ?iroczkowski, P.J. 
E Exposure t o  a Heu Calciuin f n c q  a l o c k e r  - N i t r e 2 2 i p i n e .  
tn on C e l c i u n  Er r t ry  Blockers  an2 i i s s u e  P r o t e c t i o a ,  RODE, I t s l y ,  1984 

2 

I n c r e a s e 2  "ne? C e l l  Na-H AiP2se A c t i v i t y  Fol lowing  
F P r e s e n t e d ,  In te rnzz ionC Synposiuz: 
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Wzshburn, Lee Cross 

Crook, J .  E. a i  Mioctkovski ,  P. J .  
or; Furosemide h h i b i t i o n  i n  31zck a d  Lrnite Hyper t ens ives .  
n a z i o z z l  Conference on D i u r e t i c s ,  H i a z i ,  F l o r i d a ,  1984.  

h o o k ,  J . E . ,  ?troczkowski, P . J .  2 n d  G i l l ,  J .  
P o ~ e s s i u ~  Co-Transport i n  S i c k l e  a a i t  Red C e l l s  from R y p e r t e n s i v e  S u b j e c t s .  

-Iies. 3 1 : 7 3 0 ,  1 9 8 3 .  

Crook, J . E . ,  F e i x , ' J .  and Mrocrkovski ,  P . J .  

Red C e l l  h - F ;  Co-Trzcsporr : Dcse-Zespcnse E f f e c t s  
P r e s e n r e d ,  F i r s t  I n t e r -  

r i 
Decreased FuroseEide  S e n s i t i v e  Sodium- 

Cl in .  - - - 
'9 

Re6 C e l l  Memlkane . F l u i d i t y  in E s s e n t i a l  1 E p e r t e n s i o n .  C l in .  Res. 31:730A, 19$3 .  
3 

;.Crook, J. E. 2nd Mrocrkovski ,  P. J.  E r y t h r o c y t e  Co-Transport  in L i i t e  and Black Hyper- 
t e n s i v e  S u b j e c t s .  Cl in .  Res. 30:733A,  1 9 8 2 .  -- 
Crook, J .  E. znd Rober t son ,  D. and L'narton, R. 
Cor rec t  Severe  I d i o p a t h i c  O r t h o s t a t i c  E>Totens i cn .  

S h e v i t z ,  S . A . ,  J m i e s o n ,  R. C.,  P e t r i e ,  V.M. 2 n d  Crook, J.E. Compulsive Water Drinking 
T r e s z e d  w i t h  Eigh Dose P r o p r a n o l o l .  J. Ken .  Hent.  D i s .  1 6 8 3 2 4 6 ,  1 9 8 0 .  

Davis ,  > . A ,  Crook, J.E., Vestzl, R.E. 2nd Oates, J . A .  The P r e v a l e n c e  of Renovascular 
H>Tercension i n  P a t i e n t s  with Grade 111 and TI' E y p e r t e n s i v e  Re t inopa thg .  - MeZ. 3 0 3 : 1 2 7 3 ,  1579 .  

P r o s t a g l z n d i n  Suppres s ion :  I n z b i l i t y  zo 
South .  Fled.- J. 74 :318-320, 1981 .  - - -  

- - - - -  

N .  E n g l .  J .  - - 

Crook, J . E . ,  t ioosley,  R . L . ,  L e f t v i c h ,  R.E.  a n d  h ' a t e l s o n ,  E.A. 
Cozljined h t i z r r h y t h m i c  Therapy L 6 t h  P r o c a i n a n i d e  and P h e n y t o h .  
1 5 8 9 ,  1 9 7 9 .  

Agranulocytos is  During 
South.  Med. J. 72: - - - -  

Crook, J.E. 
1 8 7 9 .  
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RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi- 
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Complete references to all publications during the part three years and 10 representative earlier publications pertinent to this application. DO NOT 
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1944 Senior  S c i e n t i s t ,  U.S. Rubber Co., Cha r lo t t e ,  North Carol ina 
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CONFERRED 

1950 - 1983 Chief Sc ien t i s t ,  Medical and 
Associated U n i v e r s i t i e s ,  Oak 

HONORS : 
Sigma X i ;  AEC (NSF) P redoc to ra l  Fellowship 

Pub l i ca t ions :  ( s e l ec t ed )  

Hayes, R.L. Detect ion of mal ignancies  wi th  
Nuclear Medicine, Vol. 6,  J .H.  Lawrence and 
New York, pp. 177-197, 1983. 

Hayes, R.L. and Hcbner, K.F. Basis f o r  t h e  

Health Sc iences -Div i s ion ,  Oak Ridge 
Ridge, Tennessee 

1948-1950. 

rad ionucl ides .  I n  Recent Advances i n  
H.S. Winchell ,  e x . ,  Grune 6 S t r a t t o n ,  Inc . ,  

c l i n i c a l  u se  of gallium and indium radio-  
nuc l ides .  In Metal Ions  i n  B i o l o g i c a l  Systems, Vol. 16,  H. S i e g e l ,  ed., Marcel Dekker, 
IIIC., pp. 23-315,  1983. 

Hayes, R.L., R a f t e r ,  J.J., Car l ton ,  J .E . ,  and Byrd, B.L. S t u d i e s  of t h e  i n  vivo uptake 
of Ga-67 by an experimental  abscess :  Concise comunication. J. Nucl. Med. 23:8-14, 1982. 

Hayes, R.L. The i n t e r a c t i o n  of ga l l ium wi th  b i o l o g i c a l  systems. I n t .  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 r a d i o i o d i n a t e d  estrogen d e r i v a t i v e s  v i a  organoborane 
technology. 
eds . ,  PergamoyPress ,  New York, 1982, Chapter 17, pp. 197-203. 

In  Appl ica t ions  of Nuclear and Radiochemistry, R.M. Lambrecht and N. Morcos, 

Washburn, L.C., Sun, T.T., Byrd, B.L., Ra f t e r ,  J.J., Hayes, R.L., Frey,  K.A., and 
Agranoff, B.W. 
b r a i n  amino ac id  t r a n s p o r t .  I n  Nuclear Medicine and Biology, Vol. I, C. Raynaud, ed. ,  
Pergamon Pres s ,  P a r i s ,  F r a n c e F l 9 8 2 ,  pp. 642-645. 

Hayes, R.L., Byrd, B.L., R a f t e r ,  J.J., Carl ton,  J . E . ,  and Coffey, J .L.  Ytterbium-169 
c i t ra te  f o r  d e t e c t i o n  of inflammatory l e s i o n s .  
Vol. I, IAEA, Vienna, Aus t r i a ,  1981, pp. 579-5857 

"C-ACHC, a p o t e n t i a l  agent f o r  pos i t ron  tomographic measurement of 

I n  "Medical Radionucl ide Imaging 1980", 

Hayes R. L., Carl ton,  J .E . ,  and Kuniyasu, Y. A new method f o r  l a b e l i n g  microspheres 
wi th  beGa. 
Hayes, R.L., Ra f t e r ,  J. J., Byrd, B.L., and Carl ton,  J .E .  S t u d i e s  of t he  i n  vivo e n t r y  
ef Ga - 67 into normal and malinnant  t i s s u e .  J. Nucl. Med. 22:325-332, 1981. 

Eur. J. Nucl. Med. 6:531-533, 1981. 
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Radionuclide Imaging 1980", Vol. 11, M A ,  Vienna, 1981, pp. 515-529. 

Casey, D.L., Digenis, GOA., Wesner, D.A., Washburn, L.C., Chaney, J.E., Hayes, R.L., 
and Callahan, A.P. 
C-11-D- and .L-phenylalanine. Int. J. Appl. Radiat. Isot. 32:325-330, 1981. 
Hayes, R.L., and Byrd, B.L. 
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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. 
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and Gibbs, W.D. 
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investigations. J. Nucl. Med. 20:857-864, 1979. 
Washburn L.C., Sun,  T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. 1-Aminocyclo- 
butane[ liC]carboxylic acid, a potential agent f o r  tumor localization. 
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, andy.W. Brady, eds., Masson Publishing, New York, 1978, 

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. 
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Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Anon, J.B., Butler, T.A., 
and Callahan, A. P. 
Int. J. Appl. Radiat. Isot. 29:186-187, 1978. 
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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. 
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Lee C. Washburn 90% S a l a r y  and Bene f i t  Support - DOE Con t rac t  No. DE-AC05-760R00033 
10% S a l a r y  and Bene f i t  Support - N C I  Con t rac t  No. CA29490-03 
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"Labeled Amines as Markers of Pulmonary I n j u r y  and Repair", 

James E. Crook, P r i n c i p a l  I n v e s t i g a t o r ,  submit ted t o  NIH,  A p r i l  27, 1984. 

Grant Applicat ion:  Pending Review 
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PRINCIPAL INVESTIGAT0R;PROGRAM DIRECTOR: Lee c* Washburn 

RESOURCES AND ENVIRONt. .AJT 

FACILITIES: Mark the facilities to be used a t  the applicant orwnlzation and briefly indicate their capacttier, pertinent capabilities, relative proxlml- 
and extent of availability to the project. Use "orher" to describe the  facilities at any other performance sites llsted in Item 9. page 1, and at sites for 
field studies. Using continuation pages if necessary, Include an explanation of any consortium arrangements with other organizations. 

L.boratory: Three well-equipped, a i r - cond i t ioned  l a b o r a t o r i e s  w i th  a t o t a l  of approxi- 
mately 2,000 sq. f t .  are a v a i l a b l e  i n  t h e  Vance Road b u i l d i n g  of Oak Ridge 
Associated U n i v e r s i t i e s  (ORAU) Medical and Heal th  Sc iences  Div is ion  (MCHSD). 

A t  ORAU M&HSD modern a c c r e d i t e d  animal f a c i l i t i e s  w i t h  adequate  f l o o r  space 
t o  house cages  f o r  a l l  animals  i n  this p r o j e c t  are l o c a t e d  i n  t h e  same 
b u i l d i n g  as t h e  o f f i c e  and l a b o r a t o r i e s  of t h e  P r i n c i p a l  I n v e s t i g a t o r .  
Shared specimen c o l l e c t i n g  and work l a b o r a t o r i e s  a r e  also l o c a t e d  d i r e c t l y  withi  
t h e  animal  f a c i l i t y .  Adequate caging, which complies w i th  minimum s i ze  and con- 
s t r u c t i o n  requi rements  as g iven  i n  t h e  DHEW Guide, i s  a v a i l a b l e .  

ORAU has  a D i g i t a l  Equipment Corporat ion PDP 11 /44  computer w i t h  768 k i loby tes  
of memory. 
Un ive r s i ty  Park,  PA) i s  available f o r  s ta t i s t ica l  t e s t i n g  of experimental  data .  

)I a Animal: e 
0 
0 
a Computer: 

a a The min i t ab  d a t a  a n a l y s i s  sof tware  package (Minitab P r o j e c t ,  

n 5 Office: Each i n v e s t i g a t o r  h a s  a well-equipped, a i r -condi t ioned  o f f  ice. 

LL 
W 
v) 

2 

=) 0 Other ( 1: 

a 
a 

MAJOR EQUIPMENT: L i s t  the most important equipment items already available for this project, noting the location and pertinent cawbi l i t ia  of > each. Laboratory Data Control  (LDC) g r a d i e n t  high performance l i q u i d  chromatograph wi th  LDC 
0 r e f r a c t i v e  index d e t e c t o r ,  LDC v a r i a b l e  wavelength UV d e t e c t o r ,  Packard custom l i q u i d -  = column s ingle-channel  analyzer monitor ( f o r  d e t e c t i n g  t h e  e l u t i o n  of gamma-emitting radio-  
W n u c l i d e s ) ,  and Radiomatic Flo-One Model HP r a d i o a c t i v i t y  d e t e c t o r  ( f o r  b e t a  emitters) with a Model ES e l e c t r o n i c  s t r e a m - s p l i t t i n g  device ;  Beckman Model LS 2800 l i q u i d  s c i n t i l l a t i o n  

counter  wi th  external s t a n d a r d i z a t i o n  by Hi], DPM c a p a b i l i t y ,  chemiluminescence monitor,  
and mul t i -user  package; Packard Model 5220 Auto-Gamma s c i n t i l l a t i o n  spectrometer ;  Sear le  
Pho-Gamma V s c i n t i l l a t i o n  camera; and Ohio-Nuclear d u a l  head r e c t i l i n e a r  scanner are 
l o c a t e d  a t  ORAU M&HSD. - ADDITIONAL INFORMATION: Provide any other information describing the  environment for the project. Identify wpport wrvices ruch as 

a consultants, secretarial, machine shop, and electronics shop. and the extent to which they will be available to the project. 

RESOURCES AND ENVIRONMENT d 
14 

Dr. Zenon Step lewski  of The Wistar I n s t i t u t e ,  who h a s  an e x c e l l e n t  record  i n  monoclonal 

w i l l  p rov ide  the monoclonal a n t i b o d i e s  and monoclonal ant ibody fragments as w e l l  as the  
tumor l i n e s  which are requ i r ed  f o r  t h i s  p r o j e c t .  H e  wi l l  a l s o  work wi th  ORAU i n v e s t i g a t o r s  
t o  set up a t  ORAU t h e  radioimmunoassay procedure necessary  t o  v e r i f y  t h e  r e t e n t i o n  of 
innnunological a c t i v i t y  of t h e  a n t i b o d i e s  a f t e r  d e r i v a t i z a t i o n .  D r .  R.L. Hayes, former head 
of ORAU' s M&HSD p r e c l i n i c a l  rad iopharmaceut ica l  development program, w i l l  se rve  as a consul 
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cn an t ibody  r e s e a r c h ,  w i l l  b e  a (%-Invest igator  on t h i s  p r o j e c t .  D r .  S tep lewski ' s  l abo ra to ry  
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. RESOURCES AND ENVIRONMENT (cont inued)  

w i t h i n  ORAU and i n  t h e  Oak Ridge conrmunity a t  l a r g e ,  e s p e c i a l l y  t h e  Oak Ridge Nat iona l  
Labora tory .  
available t o  us wi th in  t h e  g radua te ,  medical ,  and v e t e r i n a r y  d i v i s i o n s .  
secretarial s e r v i c e s  w i t h  access t o  word processor  w i l l  be a v a i l a b l e  t o  t h e  p r o j e c t  
as r e q u i r e d ,  and ORAU's well-equipped machine shop and the  Div i s ion ' s  e l e c t r o n i c  
shop w i l l  a l s o  be a v a i l a b l e  as needed. 

Addi t iona l ly ,  t h e  Un ive r s i ty  of Tennessee is nearby and has  r e sources  
Full-t ime 

'USE OF DOE FACILITIES AND DOE CONTRACT REQUIREMENTS' 

This r e s e a r c h  g ran t  a p p l i c a t i o n  i n c l u d e s  a segment of a c t i v i t y  t h a t  would be performed 
i n  f a c i l i t i e s  of t h e  U. S. Department of Energy and governed by an e x i s t i n g  c o n t r a c t  
between Oak Ridge Associated U n i v e r s i t i e s  (ORAU) and t h e  DOE. The DOE has  reviewed 
t h i s  p roposa l  and h a s  concurred i n  ORAU conduct ing t h e  descr ibed work i n  t h e  DOE 
f a c i l i t i e s  made a v a i l a b l e  f o r  biomedical  research, s u b j e c t  t o  payment t o  t h e  DOE by 
ORAU from NIH funds of t h e  a p p l i c a b l e  d i r e c t  and i n d i r e c t  c o s t  of t h e  work (not i n -  
c l u d i n g  any charge f o r  t h e  use  of DOE f a c i l i t i e s )  as determined by t h e  p rov i s ions  of 
t h e  DOE'S con t rac t  w i t h  ORAU. 

By way of gene ra l  in format ion ,  ORAU's c o n t r a c t  w i t h  t h e  DOE is  a cost- type c o n t r a c t  
f i nanced  under a Government-fund account.  The s p e c i f i c  c o n t r a c t  work is  formulated 
in coopera t ion  with t h e  DOE and au tho r i zed  w i t h i n  genera l  gu ide l ines  i n  t h e  con t r ac t .  
Ownership of a l l  equipment and f a c i l i t i e s  acqui red  by ORAU wi th  DOE funds is v e s t e d  i n  
t h e  U. S. Government a t  t h e  time of a c q u i s i t i o n .  The con t rac t  a l s o  con ta ins  a l l  t h e  
te rms  g e n e r a l l y  common t o  Government c o n t r a c t s  of t h e  type  under which ORAU conducts 
r e s e a r c h  ope ra t ions  i n  Government-owned f a c i l i t i e s .  

In p a r t i c u l a r ,  ORAU's c o n t r a c t  w i t h  DOE i n c l u d e s  s tandard art icles on t h e  s u b j e c t s  of 
s m a l l  bus iness ,  c o n t r a c t i n g  w i t h  l a b o r  s u r p l u s  f i r m s ,  con t r ac t ing  w i t h  women-owned 
concerns ,  d i sab led  v e t e r a n s ,  employment of the handicapped, clean a i r  and water, c o s t  
accoun t ing  s tandards ,  c o s t  o r  p r i c i n g  d a t a ,  e q u a l  opportuni ty  and s a f e t y  and hea l th .  
W e  believe t h a t  in t h e s e  areas, t h e  c o n t r a c t  cond i t ions  p a r a l l e l  cond i t ions  which N I H  
o r d i n a r i l y  a p p l i e s  t o  i ts g r a n t s .  
and t h e s e  DOE c o n t r a c t  terms, ORAU is agreeab le  t o  meeting both t o  t h e  e x t e n t  t h a t  
t h e y  are n o t  in c o n f l i c t ,  and t o  apply ing  t h o s e  most favorable  t o  t h e  United S t a t e s  
Government where t h i s  is involved.  
would produce o r  sugges t ,  ORAU upon r e c e i p t  of such advice would r e f e r  t h e  matter t o  
the DOE f o r  d i r e c t  r e s o l u t i o n  w i t h  NIH.  

In t h e  event  of d i f f e r e n c e s  between NIH g r a n t  terms 

I f  N M  is  aware of problems t h a t  such an approach 

The c o n t r a c t  a l s o  inc ludes  DOE s tandard  p a t e n t  r i g h t s  and t e c h n i c a l  d a t a  articles f o r  
n o n p r o f i t  o rganiza t ions .  
g r a n t s ,  whichever p rov ides  ORAU with t h e  g r e a t e r  r i g h t s  in t h e s e  areas. 
th i s  approach i s  c o n s i s t e n t  w i t h  P u b l i c  Law 96-517. 

W e  propose apply ing  t h e s e  o r  those  which N M  a p p l i e s  t o  
We b e l i e v e  
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I ... 

??.e s ?ec i f i . c  a i ?  of t \ i s  reseatc ' l  is p r e c l i n i c a l  developr?ent and evs'll- 

a t i o n  o f  t l i i o r - s ? e c i f i c  2 5 5 ~ m -  zn< c2-t A -1s5elec: i o n o c  1.0113 1- ant i h r i i e s  o r  

m n o c ? o n a l  ant iSody f r so , r~en t s  f o r  7 o t e n t i a I  ap?Zicat ion i n  tadioimuno- 

tSeraDy of cance r .  4 b i f u n c t l o n z l  c h e l a t e  t e c i n i a u e  involvine, couolinp, o f  

t h e  c h e l a t  i n 8  a ? c n t ,  diethylenetriaiine~entzacet i c  acid ( X P A ) ,  t o  

7onoclor\sl  a n t i b o d i e s  v i a  t h e  c y c l i c  nT?A anhydride . . T i l 1  be used. 

:Til.l ? c r - i t  r a d i o l a 5 e l i n z  nonoclonal a n t i b o d i e s  -.lit> a ??ar-ety of  n e t a l  ion 

radim\icli!!es. 

r e t c g t  ion of i n u n o l o y i c a l  a c t i v i t y  a f t e r  raiio?a'>eIi.ng. 

This 

4 ra?loimnunosssag technique . . T i l l  be use!! t o  v e r i f y  

':onoclonal 

preli- . inarv scinti- ,rao?.ic and t i s s u e  d i s t r i h t i o n  s t u d i e s  i n  nur;e r.ice 

S e s r i n ?  i \ e  c ? ? r o g r i a t e  tuTor t y ~ e  f o r  e3.c> nnt Lhocly t o  .TeterTine tfie t iTe 

cour se  o f  t u w r  Zoca?izzt ion.  4 r ad io l abe led  aT t i - in f luenza  lonoc lona l  

5Fnr'inq. :issue d i s t r i h t i o n  s t u d i e s  wino,  ?onoclonal a n t i b o d i e s  lal.relel. 



c o n s i d e r e ?  2 s  lea8inc: cclnli.3.r.tca f o r  t"le lon?-sou:'it V I  ~737i.c 5111.1 e t ' '  ( 2 ) .  

.4.3ti%rlies 4 ~ ~ ? i i t * ,  a SiYh er\ou?h s - e c i f l c i t v  f o r  t m o r  t i s s u e  could i n  

t5eor.i h e  used ,  i.n a r a G i o l a \ e l e <  f o : ~ ,  f o r  :?iaonosis o f  cance r  znc! a l s o  2 s  

c a r r i e r s  of  r a d i o n u c l i d e s  and c y t o t o x i c  dru7s f o r  cancer  t h e r a p y .  

T:7e conven t iona l  p roduc t ion  of a n t i s o l i i s s  i n  s n i 3 a l s  \as  s e r i o u s  

l i - i t z t i o n s ,  FLovever. Fven '+en h i y h l y  T u r i f i e d  a n t  i3en p r e ? a r a t  i o n s  are 

used ,  2 + m l e  s o e c t r u 3  of a n t i b o d i e s  v i t h  d i v e r s e  s p e c i f i c i t i e s  is s t i l l  

05 ta ine i iD  and s e p a r a t i o n  of  tF\e d e s i r e d  anti30.1;~ fron such n i x t u r e s  i s  ve ry  

? i . r f i c u l t .  47.~0,  c o n s i d e r a S l e  5atcb-to-hatch v z r i a b i l i t y  i n  t % e  q u a l i t y  of 

t S e  a n t i h d y  o3txined is c u i t e  C O T O ~ ,  ?inally, cvo,n v'ien l.ar=e anj.Tals 

a r e  used,  t h e r e  a r e  ~ r ~ . c t i c 3 2  l i q i t a t i o 3 s  t o  t h e  nuantit:? of a n t i b o z y  ?.:5icS 

cp.9 5e ?roducec'. 

T!e d i scove ry  of a t ec4n ique  f o r  oro+hction of  ~ o n o c l . o n a 1  a q t i b o 3 i e s  !y 

':o\?e,r and ' ' i l s t e i n  i n  1975 ( 3 )  ? t o v i d e s  8 sol-tition t o  t h e s e  ? r o S l e ~ s .  

' Ionoclnnal  a n t i b o d i e s  ? ro luced  i n  t-i-ssile c u l t u r e  Sy l.yn?hocyte-nyelo-n 

h>r'?ric!oFas ( & I ,  a r e  hor?oqeneous, recluire I i . t t l e  e f f o r t  f o r  p u r i f i c a t i o n ,  

an? can 3e r en roduc ib ly  ?re?arec? i.n ?ar:e q x a n t i t i e s .  S!.nce t h e i r  

discovery ,  t5e F o t e n t i a l  o f . - ~ ~ n o c l o n a ?  antiSo; '- ies f o r  a v a t i e t g  of 

c? . inica?. ,  b ~ s i c  r e sea rc t i ,  2 7 2  evcn ; q d u s t r i a 1  a ? ? l i c a t i o n s  5 a s  5een 

recoyni-ze? (? ) .  

i n  Z i n - p o s i s  an3  t?ierz?y o f  cance t .  

?ne of :\e Tos t  i--?Drta?t of t \e<e i s  t ' l e i r  w s s i 5 I e  iise 

M ~ 3 1 - c  1 ?.ists t l l e  re?ir?-.iic1i:?cs -.Tb;cC:? 'qr.ve \pen use.! f n r  l? ie l . ina ,  

- o ~ o c l ~ , ; r s l  a n t  i5oc':ies f o r  ?i-a!qr?ostic E?.? t \eriq?-Jt:c i nves t i . 7a t inns .  ' i o s t  

~f t!iese s t a d i c s  t o  l a t e  -v.ve c s e 2  1-131 as a ra4!.nla\el .  S t d i e s  of  t \ e  

<<c.r,nosti.c (5-24) R R ~ I  tq-e-2Teut-ic ( ? n - ? ~ ?  Toten t i21  of 1311-1a\e1-e< 

?' 



siiiTerior t o  r e c t i l i n e a r  scannin2 ,  ? e r n i t t i 3 7  c o r r e c t  v i s u a l i z a t i o n  of  16 ou t  of 

17 t l n o r  s i t e s  s t u d i e d  ( 1 3 ) .  9ne can  o f t e n  a c t u a l l y  i n c r e a s e  t h e  tuxor- to-  











FROM ~"IN-DTPA BY GEL FILTRATION 
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Fig. 1. Separa t ion  of '%n-labeled DTPA-coupled 17-1A from 
lllIn-DTPA by gel f i l t r a t i o n .  



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

- 1 : (17-1A. pur1tt.d) - 2 : (17-1A. lyo@hltIx.d) 

p.-O 3 : I l?- lA-OTPA, 1 : 1 - 4 : (l7-lA-DTPA-lndlum) - 5 : (17-1A-DTPA. Z0:l ) 

CONCENTRATION (pg/mD 

Fig. 2 .  Binding of antibody 17-1A and its conjugates 
to colon carcinoma cell l i n e  SW 1116. 
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BINUING OF ANTIBODY 17-1A AND ITS CONJUGATES , 
TO HUMAN MELANOMA CELL LINE W 

25 5 i .2 .04 .068 .002 
CONCENTRATION (pg/ml) 

Fig. 4. Binding of an t ibody  17-1A and its con juga te s  
t o  human melanoma c e l l  l i n e  WM-9. 
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l.ir?.ited t o  tSa t  a v a i l a b l e  fro? t h e  Oa’: ?.idge ’:at ional. 7,ahoratory. Althouzh 

i t  i s  no t  3s s u i t a b l e  a s  ‘1-255 f o r  i r t e r n a l  r ad io the ra?? ,  t 3 e  n u r e  b e t a  

re.qs.oI;, t oqe t5e t  v.iith poss i51e  unexyected d i f f i c u l t i e s  w i t >  t h e  use of 

“ 1 - ? 5 5 ,  T F e  ?.vi1 1 a ?  so develoy, -.onoclonnl ant ibody d e r i v a t i v e s  Lzfieled ??it5 

? ?  



could  \e e x ? l s i n e ?  o n l y  5 y  n a j o r  d i f f e r e n c e s  5n t5ei.r s t a b i l i t y  c o n s t a n t s  

o r  by t h e  i 3 r l u e n c e  o f q i n  vi*To c::cYnnqe o f  t h e  i s o t o ? e  v i t i  ~ 1 a s - n  

? r o t e i n s .  

h l f - l i f e  t32t is che - r i ca l lp  ve ry  s5.--ilar t o  ?-I-255, 7 t i l . l  a l s o  be used as a 

l a 5 e l  f o r  ?onoclonal azl t ibodies  Cor t i s s x o  3 i s t r i 5 u t i o n  s t u 2 i e s .  .4ssay by 

l i i u i d  s c i n t i l l a t i o n  count in:: tec 'mini ies  y.*i! 1 Se r e q u i r e d  for 1 s - 2 5 3 ,  as 

$escri5ed i n  our p rev ious  s tudy of ~ s - ? 5 3  citrate u?ta':e $9 tu79r-s ( 5 5 ) .  

I f  :ooG p o t e n t i a l  is seen i n  t4ese ?re'!lqiw~ry i n v e s t i y i t i o n s ,  the 

antj.ho<-? C'er iv2t ivc *,?ill- t + e n  Se !a\,eI e? T i i t s  ?-.-?-.55 and Y-99, tl?e nucli2es 
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cnrci- .oia  of  t4c colon i s  incre .?s inn  h s i t e .  Tkis one - s j o r  crea of focus of 

3 u r  i v e s t i ; a t i o n  of rac!io!a3cle? nonoclonal szt i i o d i e s  f o r  cancer t S e r z p y  :nil1 
- 
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q a n c r c e t i c  a d e n o c a r c i n o w  i s ,  f o r t u n a t e ? y ,  -ruc)I l e s s  t3an colon 2 n l  r e c t a l  

c n r c i n o v s ,  i t  is 3 d e v z s t c t i n g  -ralic-,nancp i.n t e n s  o f  f ive-year  s u r v i v a l  r a t e s  

r ~ f ? c c : s  t l ie f i f f i c u l t y  i n  S o t 3  ea r lv  6 c t e c t l o n  an? e f f i c a c y  of t h e r n y  once 

,?.s s e m  i n  Table  4, one of t5e tr-o c n l o r e c t a l  r r . t i5odies  c5:oscn f o r  s tu?. ies  
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: Lee '* - 
CHECKLIST 

This is the required last page of the application. 
(Checlr the appropriate bores end provide the informetion requested.) 

TYPE OF APPLICATION 

NEW application (This application i s  being submitted to the PHS for the first time.) 

0 COMPETING CONTiNUATtON of grant numbr: 
(This application is to extend a funded gnnt beyond i ts  current project period.] 

(This application is for additional funds to supplement a currently funded grant) 

REVtSlON of appl iut ion number: 
(This applicarion replaces a prior unfunded version of a new, competing continuation or supplcmcnol application.) 

Change of Principal Investigator/Program Director. 
Name of former PrinCipJl InvestigatorlPropram Director: 

ASSURANCES (See GENERAL INFORMATION section of instructions.) 

e. Human Subjects 
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8. Civil Rights b. Handicapped lndividualr c. Sex Discrimination d. Vertebrate Animals 
( I f  appliubkl f l f  applicable) 
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INDIRECT COSTS 

Indicate the applicant organization's most recent indirect cost rate established with the appropriate DHHS Regional Office. I f  the applicant organ&- 
tion is in the  process of initially dewloping or renegotiating a rate, or has established 8 rate with another Federal agency, it should, immediately upon 
notification thrt an award wil l be made. develop a tentative indirect cost rate proposal based on i t s  m o n  recently completed fiscal year in accordana 
w i th  the principles set for th in the pertinent DHHS Guide for Estublishing Indirecr Cost Rates, and submit it to t h e  appropriate DHHS Regional 
Office. Indirect costs will not be paid on foreign grants, construction grants, and grants to individuals, and usually not on grants in wppon of 
con fere nces. - 

X Total Direct Cons. 96 Salary and Wages or 51.9  

Is this an off-site or other special rate, or i s  more than one rate involved? 
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0 DHHS Agteement being negotiated with Regional Office. 
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0 No Indirect Costs Requested. 
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APPENDIX 

THE WISTAR INSTITUTE 
THIRTY-SIXTH STREET A T  SPRUCE 

PHILADELPHIA, PA. 19104 

H M R Y  KOPROWSKI. M.D. 

D(REcIw( 

May 4, 1984 

Dr. Lee C. Washburn 
Rad i op h armaceu t i c a1 Devel opment 
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, 

ZS:ets 



APPENDIX 

May 4, 1984 

D r .  Lee C. Washburn 
Radiopharmaceutical  Development 
Medical and Heal th  Sciences Div is ion  
Oak Ridge Associated U n i v e r s i t i e s  
P.O. Box 117  
Oak Ridge, TN 37831 

Dear Lee: 

I am, as you are aware, very much i n t e r e s t e d  i n  t h e  p rogres s  of t h e  
work wi th  c h e l a t i n g  d e r i v a t i v e s  of tumor-spec i f ic  monoclonal a n t i b o d i e s  
for p o s s i b l e  use i n  rad io therapy  of cancer .  Should your g ran t  p roposa l  
e n t i t l e d  "Radiolabeled Monoclonal Antibodies  for Cancer Therapy" be  funded, 
I would consequent ly  be  d e l i g h t e d  t o  act  i n  a c o n s u l t a n t  capac i ty  t o  t h e  
p r o j e c t .  My b e s t  wishes.  

S i n c e r e l y  your s ,  

RLH:bb 



APPENDIX 

OAK RIDGE NATIONAL LABORATORY 
OPERATED BY MARTIN MARlElTA ENERGY SYSTEMS. IMC 

POST OFFICE B O X  X 
OAK RIDGE. TENNESSEE 37B31 

May 8 ,  1984 

D r .  Lee C. Washburn 
Radiopharmaceutical  Development 
Oak Ridge Associated U n i v e r s i t i e s  
P. 0. Box 117 
Oak Ridge, TN 37831 

Dear D r .  Washburn: 

I would be p leased  t o  work with  you on t h e  development of r ad io l abe led  
monoclonal a n t i b o d i e s  f o r  cancer therapy .  The i s o t o p e s  t o  which you r e f e r r e d ,  
253Es and 255Fm, are produced a t  ORNL along wi th  o t h e r  i s o t o p e s  of heavy ele- 
ments under t h e  Nat iona l  Transplutonium Element Product ion Program adminis te red  
by the Off ice  of Energy Research of t he  U.S. Department of Energy. These 
n u c l i d e s  become a v a i l a b l e  one or two times a year  when groups of t a r g e t s  irra- 
d i a t e d  i n  t h e  High Flux I so tope  Reactor are processed a t  t h e  Transuranium 
Process ing  P lan t .  The products  of t h e s e  ope ra t ions  are made a v a i l a b l e  t o  
i n t e r e s t e d  r e sea rche r s  i n  t h e  United S t a t e s  upon approval  of t h e  Di rec to r  of t h e  
Div i s ion  of Chemical Sciences,  based on a l l o c a t i o n s  recommended by t h e  
Transplutonium Program Committee. I cannot commit t h e s e  groups to  supply 
materials i n  t h e  f u t u r e ,  but i t  is  t h e i r  po l i cy  to  make materials a v a i l a b l e  t o  
q u a l i f i e d  researchers i f  a t  a l l  poss ib l e .  
made i n  October,  1982, you have been a l l o c a t e d  tracer amounts of 253E~ and 255Fm 
from our next campaign, now scheduled f o r  t h e  f a l l  of 1984.  

GBq of 253Fm. The e ins te in ium is  
p r e s e n t  as the daughter  of 40-day '%s and could be milked r epea ted ly  from t h e  
mixture  of e ins t e in ium i so topes .  However, p rocess ing  l o s s e s  and decay dur ing  
p u r i f  i c a t i o n ,  packaging and shipment would l i m i t  t he  amount of 255Fm de l ive red  
t o  your l abora to ry  t o  the  o rde r  of 0.4 GBq (-10 mCi). 

As a r e s u l t  of your v e r b a l  reques t  

The u a n t i t i e s  a v a i l a b l e  i n  a t y p i c a l  campaign are 0.6 TBq of 253Es and 2.5 
i n  excess  of your needs. The fermium i s  

We can f u r n i s h  modest amounts of t hese  i so topes  f o r  r e sea rch  and devel- 
opment purposes wfthout charge (except  f o r  I so topes  D i s t r i b u t i o n  Of f i ce  handl ing 
charges) .  Should your requests i n c r e a s e  t o  t h e  po in t  of consuming a s i g n i f i c a n t  
p o r t i o n  of our resources ,  we would have t o  r eeva lua te  t h e  supply and c o s t  pic- 
t u r e .  

Yours very  t r u l y ,  

'5. E. Bigelow, Sc.D. 

JEB : amsp 
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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. 
antibodies looks very promising to me. 

The possibility o f  using fermium-255 attached to 

As you know I am the Principal Investigator for a 
National Cancer Institute contract (N01-CM-37565) titled, 
"Dose calculations for cancer therapy using radioactively 
labeled antibodies directed to tumor associated and/or 
tumor specific antigens". 
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 2S5Fm and to make radiation 
dose measurements where appropriate with our dose measuring 
instrumentation. 

Within the scope of this contract 

If I can be of further this proposal 
phase of this research, 

Biophysics Laboratory 
Sloan-Kettering Institute for 

Cancer Res ea rc h 
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