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University o f  k!ashington 1. Name of Institution: 
981 95 2. Address: City S e a t t l e  3. State W A 4. ZIP 

5. Principal Investigator: 

6. Department: 

7. Telephone: Area Code 206 Office: 543-1 860 Home: 

8. Title of Application: 

Cornel i u s  Rosse, 11.0. , 0. Sc . 
B i  ol oclical S t ruc tu re  

329-6408 

Gammacell-40 I r r a d i a t o r  

9. Research Area: Heal t h  and Environmental Impact of  Energy-Re1 ated Chemical s 

10. Total DOE Funding for Research in Selected Area, (During the last two calendar ye=): $ 

11. Estimated Purchase Cost of Equipment: $ 129,628 

12. Amount Requested horn DOE: $ 

868,085 

103,703 

List all Federal agencies which are currently considering proposals from the institution involving the 
same or similar equipment. 

~ 

13. Agency: none Agency Proposal Number: 
14. Agency: none Agency Proposal Number: 

NOTE: The institution is responsible for  informing DOE i f  a proposal involving the same or similar 
equipment is submitted to  a fedeml agency prior t o  the announcement of DOE'S URJ awards. 

15. List any federal agency which has provided funds to the institution during the past two years for the 
same or similar equipment. 

Agency: none Amount of Funds: none 

16. Please check one of the following : 

I authorize! external review of this 0 I do not authorize external review of this 
proposal. 

Date: /d - 4-fL/ 
Propod. 

Signature of Principal Invetstigator: 

Name and Title of Institutional Official 
(Redden t or Designee) 

Name and Title of Financial Officer 

Donald W .  Allen,  Director  

Grant and Contract Services 

Donald W .  Allen,  Director 

Grant and Contract Services 
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U.S. DEPARTMENT OF ENERGY 
UNIVERSITY RESEARCH INSTRUMENTATION PROGRAM 

BUDGET PAGE 

ESTIMATED COSTS 

Instrumentation 

A. Purchase Price (3)  

B. Estimated Cost Sharing 

Other 
Requested Institution’s Federal 
of DOE Share f 1 I Funds f 2) TOTAL 

103,703 3,925 -0- 107,628 

x x x x 22,000 -0- 22,000 

(Shipping, installation, etc.) 

C. TOTAL 103,703 25,925 129,628 

NOTES: (1) Non-Federal funds only 

( 2 )  Estimate funds to  be obtained from other Federal agencies f o r  purchasing the 
instrument, user charges, etc. 

( 3 )  Only the purchase price of the instrumentation is eligible for DOE funding 
through this program. 
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A. Purchase Price (Detail) 

1 .  

2 .  
3.  
4 .  
5. 
6 .  

7 .  

Description 

Gammacell-40 Self-contained 

Dual Sources - Caesium-137 
Attenuators  
Sample Cavity Coll imator 
Extra Sample Drawer Tray 
U . S .  Customs duty,  4.6%, items 
1 - 5 ,  excluding item 2 ,  Dual 
Sources 
Washington S t a t e  Compensating 
Sa les  Tax, -079, items 1 - 5 

I r r a d i a t o r  

Subtotal: 

B. Estimated Cost Sharing (Detail) 

Quantity 

1 
1 
1 
1 
1 

Total 
Estimated 
Unit Price 

$ 61,830 
28,505 

2,565 
3,875 

60 

To tal 

$ 61,830 
28,505 

2,565 
3,875 

60 

3,143 

7,650 

$1 07,628 

Other 
Institution’s Federal 

Share Funds Total 

1 .  Shipping/Handling * $ 4,500 $ 4,500 

2. Installation 

3. Building/Laboratory Renovation ** 8 17,500 $ 17,500 

Subtotal: 8 22,000 $ 22,000 

* Shipping Cost - 6,800 l b s . ,  Ottawa, Canada - S e a t t l e ,  WA $ 3,000 

B u i  1 ding 1,500 
Local car tage ,  unloading, moving i n t o  

** Floor reinforcement t o  d i s t r ibu te  weight, and removal 
and replacement of doors t o  a d m i t a u i p m e n t  
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SUMMARY 

a. Th i s  a p p l i c a t i o n  reques ts  fund ing  f o r  t h e  purchase o f  a Gammacell 40 Labora tory  

I r r a d i a t o r  manufactured by Atomic Energy o f  Canada, L td .  

i n  research  programs i n  c e l l u l a r  and molecu la r  b i o l o g y  throughout North America. 

equipment i s  needed t o  enhance seven research  programs l o c a t e d  i n  t h e  Departments of Bio- 

l o g i c a l  S t r u c t u r e  and Pathology, School o f  Medicine, U n i v e r s i t y  o f  Washington. Three o f  

t hese  programs rece ive  d i r e c t  support  f rom DOE and f o u r  a re  funded by a number o f  N I H  grants.  

The equipment i s  wide ly  used 

The 

b. The i r r a d i a t o r  w i l l  be used i n  t h e  f o l l o w i n g  t ypes  o f  p r o j e c t s :  

E l u c i d a t i o n  o f  t h e  mechanisms th rough which Natura l  Tumor Growth Regu la to ry  i. 

C e l l s  (NTRC) generated i n  t h e  bone marrow p a r t i c i p a t e  i n  c e l l u l a r  defence aga ins t  

cancer.  The tumor n e u t r a l i z a t i o n  p o t e n t i a l  o f  these c e l l s  w i l l  be assessed i n  t h e  Winn 

assay by t r a n s f e r r i n g  c e l l  m i x t u r e s  i n t o  i r r a d i a t e d  mice. 

ii. I n v e s t i g a t i o n  o f  t h e  mechanisms th rough which c e r t a i n  neoplasms i n f l u e n c e  

and modulate hemopoiet ic stem c e l l  and p r o g e n i t o r  c e l l  popu la t i ons  i n c l u d i n g  those t h a t  

c o n t r i b u t e  t o  an t i cance r  h o s t  defense. Bone marrow c e l l s  o f  tumor-bear ing mice w i l l  be 

assayed i n  i r r a d i a t e d  r e c i p i e n t s  f o r  p l u r i o p o t e n t  stem c e l l s ,  B and T lymphocyte 

p r e c u r s o r s  and NK c e l l  p recursors .  

iii. The matu ra t i on  o f  n a t u r a l  k i l l e r  (NK) c e l l s  w i l l  be s t u d i e d  i n  t h e  bone 

marrow. C e l l  t r a n s f e r  experiments i n t o  i r r a d i a t e d  mice w i l l  assess t h e  developmental 

p o t e n t i a l  o f  de f ined p recu rso r  popu la t i ons  f rom t h e  bone marrow. 

i v .  The r o l e  o f  mature NK c e l l s  w i l l  be i n v e s t i g a t e d  i n  t h e  r e g u l a t i o n  o f  t h e  

a n t i b o d y  response aga ins t  an t igens .  I r r a d i a t e d  animals w i l l  p rov ide  r a d i a t i o n - r e s i s t a n t  

NK c e l l s  f o r  i n  v i v o  and -- i n  v i t r o  s t u d i e s  o f  t h e  p r imary  an t ibody  response. -- 
v. The e f f e c t  o f  ag ing  on t h e  thymic microenvironment by assessing I a  an t i gen  

exp ress ion  w i l l  be i nves t i ga ted .  Bone marrow chimeras w i l l  be used t o  d e f i n e  t h e  c e l l  

p o p u l a t i o n  respons ib le  f o r  m a i n t a i n i n g  o r  r e s t o r i n g  I a  expression i n  t h e  thymus. 

v i .  The gene t i c  r e s i s t a n c e  o r  s u s c e p t i b i l i t y  t o  d iabetogen ic  agents w i l l  be 

i n v e s t i g a t e d  i n  a p p r o p r i a t e  mouse s t r a i n s .  I r r a d i a t i o n  i s  needed t o  e l i m i n a t e  

suppressor o r  T c e l l s  d u r i n g  adopt ive  t r a n s f e r  o f  d iabetes  by spleen c e l l s  and a l s o  i n  

1 0 1 8 5 3 4  6 



t h e  c r e a t i o n  o f  bone marrow chimeras t h a t  p rov ide  i n f o r m a t i o n  about t h e  i d e n t i t y  o f  the 

c e l l  popu la t i on  upon which s u s c e p t i b i l i t y  o r  r e s i s t a n c e  depends. 

v i i .  The r o l e  o f  minor  h i s t o c o m p a t i b i l i t y  an t i gens  w i l l  be i n v e s t i g a t e d  i n  the  

immunobiology o f  bone marrow t r a n s p l a n t a t i o n  i n  acqu i red  immunodeficiency syndrome. 

v i i i .  The i r r a d i a t o r  w i l l  be used i n  severa l  bone marrow t r a n s p l a n t a t i o n  s tud ies  

t h a t  i n v e s t i g a t e  t h e  d e p l e t i o n  of t he  reserve  i n  hemopoiet ic  stem c e l l  p o t e n t i a l ,  t h e  

e f f e c t  o f  ag ing  on t h e  hemopoiet ic  microenvironment and t h e  s e l f - r e p l i c a t i n g  a b i l i t y  o f  

hemopoiet ic  stem c e l l s .  

i x .  It w i l l  be i n v e s t i g a t e d  t o  what e x t e n t  va r ious  agents a l t e r  t h e  accuracy o f  

DNA r e p l i c a t i o n .  -- I n  v i t r o  systems are used t h a t  copy DNA w i t h  t h e  accuracy s i m i l a r  t o  

t h a t  achieved i n  c e l l s .  

x. Experiments w i l l  determine t h e  e f f e c t  o f  e leva ted  temperatures on DNA r e p a i r  

by assess ing t h e  r a t e  o f  s i n g l e - s t r a n d  r e j o i n i n g  i n  human lymphocytes t h a t  have been 

exposed t o  i r r a d i  a t i  on. 

c. A c q u i s i t i o n  o f  t h e  Gammacell 40 w i l l  have a very  p o s i t i v e  impact on both t h e  

q u a n t i t y  and q u a l i t y  o f  research  performed i n  exper imenta l  hematology, tumor 

immunobiology and mo lecu la r  b io logy .  The r a t e  o f  progress i n  a l l  s tud ies  i s  l i m i t e d  a t  

p resent  by t h e  l a c k  o f  an adequate i r r a d i a t o r  f o r  exper imenta l  work. The Gamace l l  40 

w i l l  reduce t h e  p o s s i b i l i t y  f o r  E l k i n d  r e p a i r  and w i l l  f u l l y  meet t h e  needs o f  t he  7 

programs descr ibed i n  t h i s  a p p l i c a t i o n .  

d. Graduate s tudent  p a r t i c i p a t i o n  as research a s s i s t a n t s  i s  an i n t e g r a l  p a r t  o f  a l l  

t h e  programs descr ibed.  The number o f  graduates from B i o l o g i c a l  S t r u c t u r e  i s  shown i n  

Appendix 11. There a r e  14 students c u r r e n t l y  e n r o l l e d  whose work w i l l  

immediate ly  b e n e f i t  f rom a c q u i s i t i o n  o f  t h e  i r r a d i a t o r .  
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NARRATIVE 

Commitments, Accomplishments and P o t e n t i a l  o f  t h e  Program i n  the  Area o f  HEALTH AND 

ENVIRONMENTAL IMPACTS OF ENERGY-RELATED AGENTS 

Commitments. The Department o f  B i o l o g i c a l  S t r u c t u r e  a t  the  U n i v e r s i t y  o f  Washington 

has h e l d  a research c o n t r a c t  w i t h  the  Department o f  Energy and i t s  predecessors (ERDA, 

AEC) u n i n t e r r u p t e d l y  f o r  over 20 years.  U n t i l  1979 t h e  P r i n c i p a l  I n v e s t i g a t o r  o f  t h e  

s u c c e s s i v e l y  renewed c o n t r a c t s  was D r .  Newton 8. E v e r e t t ,  Chairman o f  t h e  Department o f  

B i o l o g i c a l  S t ruc tu re .  The focus o f  t h e  "DOE"-funded research was lymphocyte b i o l o g y  and 

hemopo ie t i c  stem c e l l - r e l a t e d  research. The P r i n c i p a l  I n v e s t i g a t o r  o f  t h i s  U R I  

a p p l i c a t i o n  (Corne l ius  Rosse) became i n v o l v e d  w i th  t h i s  research as a c o - i n v e s t i g a t o r  i n  

1968 when he was s t i l l  a j u n i o r  A s s i s t a n t  Professor .  He became respons ib le  f o r  

i n c r e a s i n g  segments o f  t he  DOE funded i n v e s t i g a t i o n s ;  i n  1979, f o l l o w i n g  the  death o f  

D r .  E v e r e t t ,  he assumed t h e  r e s p o n s i b i l i t y  f o r  t h e  then cur ren t  con t rac t .  I n  1980 a new 

c o n t r a c t  was awarded by DOE t o  t h e  P I  of t h i s  U R I  a p p l i c a t i o n  w i t h  the  new focus o f  

e l u c i d a t i n g  c e l l u l a r  defense mechanisms o f  t h e  h o s t  t h a t  a re  engaged i n  t h e  r e c o g n i t i o n  

and n e u t r a l i z a t i o n  o f  env i ronmenta l l y  induced neoplasms. 

I n  1981 t h e  P I  was appointed Chairman o f  t h e  Department o f  B i o l o g i c a l  S t ruc tu re ,  and 

i n  t h e  r e o r g a n i z a t i o n  and r e b u i l d i n g  o f  t h e  Department he has given h igh  p r i o r i t y  t o  

s t r e n g t h e n i n g  t h e  DOE-funded component o f  t h e  Department 's research program: 

1. Three i n d i v i d u a l s  were appointed t o  t h e  research f a c u l t y  and two t o  the  regu la r  

f a c u l t y  who were r e c r u i t e d  because o f  t h e i r  e x p e r t i s e  i n  tumor b io logy ,  c e l l u l a r  

immunology and hemopoiesis i n  o rder  t o  c r e a t e  a m u l t i f a c e t e d  i n t e r a c t i v e  program t h a t  i s  

w e l l  equipped t o  study host  defense aga ins t  cancer on a fundamental and broad l e v e l ;  

2. The P I  obta ined a c o n s t r u c t i o n  gran t  f rom t h e  Nat ional  Cancer I n s t i t u t e  and 

match ing  funds from t h e  School o f  Medicine, U n i v e r s i t y  o f  Washington t o  rebu i l d ,  expand 

and re -equ i  p over 4,000 square f e e t  o f  l a b o r a t o r y  space, s p e c i f i c a l l y  designed t o  meet 

t h e  needs o f  t h e  DOE-supported research program. Th is  f a c i l i t y ,  c a l l e d  t h e  B i o l o g i c a l  

S t r u c t u r e  Cancer Research Labor to ry ,  accommodates a l l  t he  co - inves t i ga to rs  on t h e  PI'S 

c u r r e n t  DOE c o n t r a c t  and no o the r  member o f  t h e  Department occupies space i n  t h i s  

l O - l 1 5 3 i  
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f a c i l i t y .  A l l  t h e  c o - i n v e s t i g a t o r s  on t h e  DOE c o n t r a c t  have, s ince  t h e i r  appointment, 

ob ta ined  NIH-funded g ran t  suppor t  f o r  components of t h e i r  research. These components 

rep resen t  outgrowths o f  t h e  DOE-supported program and remain c l o s e l y  i n t e g r a t e d  w i t h  i t . 

I n  a d d i t i o n ,  a DOE-sponsored research p r o j e c t  was es tab l i shed  i n  1982 i n  the  

Department o f  Pathology, P r i n c i p a l  I n v e s t i g a t o r  D r .  Lawrence Loeb. 

T h i s  b r i e f  account o f  t h e  l ong  h i s t o r y  o f  DOE-sponsored research i n  t h e  Department 

o f  B i o l o g i c a l  S t r u c t u r e  shou ld  i n d i c a t e  n o t  on l y  t h e  impress ive  growth of t h e  program 

b u t  a l s o  t h e  s u b s t a n t i a l ,  l o n g - l a s t i n g  and t a n g i b l e  commitment o f  t h e  Department and o f  

t h e  School o f  Medic ine t o  t h i s  program. 

It i s  l a r g e l y  through t h e  DOE-sponsored program t h a t  members of  Accomplishments. 

t h e  Department o f  B i o l o g i c a l  S t r u c t u r e  have made impor tan t  c o n t r i b u t i o n s  over the  years 

t o  t h e  understanding o f  lymphocyte b io logy .  

c o n t r i b u t e d  t o  the  r e c o g n i t i o n  our program has rece ived a r e  l i s t e d  below: 

Some o f  t he  major accomplishments t h a t  have 

1. Th is  l a b o r a t o r y  p ioneered the  use o f  r a d i o a c t i v e  DNA precursors  f o r  the  study of 

hemopoiet ic  c e l l  p roduc t i on  and e s p e c i a l l y  lymphocyte p roduc t ion .  These techniques have 

l e d  t o  t h e  d e f i n i t i o n  o f  d i f f e r e n t  popu la t ions  o f  lymphocytes i n  terms o f  t h e i r  l i f e  

spans and r a t e s  o f  t u rnove r .  

2. It was i n  t h i s  l a b o r a t o r y  i n  t h e  1960's t h a t  sho r t -  and l o n g - l i v e d  lymphocytes 

were f i r s t  descr ibed,  a concept t h a t  had broad i m p l i c a t i o n s  f o r  understanding the  l i f e  

span o f  lymphocytes and t h e i r  func t ions .  

3. It was i n  t h i s  l a b o r a t o r y  t h a t  t he  bone marrow was i d e n t i f i e d  as  a pr imary 

source o f  lymphocytes, a concept t h a t  has now become c e n t r a l  i n  c e l l u l a r  immunology. 

4. Work i n  t h i s  l a b o r a t o r y  has focused a t t e n t i o n  on t h e  r e l a t i o n s h i p  o f  lymphocyte 

p r o d u c t i o n  t o  t h e  p r o d u c t i o n  o f  nonlymphoid hemopoiet ic c e l l s  i n  t h e  bone marrow. 

5. We have demonstrated t h e  bone marrow's c o n t r i b u t i o n  no t  o n l y  t o  t h e  per iphera l  B 

lymphocyte poo l ,  b u t  have i d e n t i f i e d  t h e  precursors o f  T c e l l s  i n  t h e  bone marrow and 

o u r  c u r r e n t  work cont inues  t o  i n v e s t i g a t e  t h e  r o l e  o f  bone marrow pre-T c e l l s  i n  thymic 

and ex t ra thymic  T lymphocyte product ion.  

More recent  accompl i shments are presented i n  Summary o f  Major Accompl i shments (p. 30) a 

1 0 7 8 5 3 8  
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P o t e n t i a l .  Because o f  t h e  focus  o f  t h e  DOE-sponsored program on such fundamental 

phenomena as  c e l l  d i f f e r e n t i a t i o n ,  c e l l  p roduc t ion ,  c e l l  m i g r a t i o n  and c e l l  

i n t e r a c t i o n s ,  DOE-sponsored research  e x e r t s  a s i g n i f i c a n t  i n f l u e n c e  on departmental  

research  programs concerned w i t h  t h e  c e l l  b i o l o g y  o f  t h e  i n t e r c e l l u l a r  m a t r i x ,  f e t a l  

s k i n  b i o l o g y ,  c e l l  d i f f e r e n t i a t i o n  i n  s k e l e t a l  muscle and connect ive  t i s s u e ,  mechanisms 

o f  c a t a r a c t  f o rma t ion  i n  t h e  l e n s  o f  t h e  eye, rep roduc t i ve  b i o l o g y  and macromolecular 

s t r u c t u r e .  

The o v e r a l l  environment i n  t h e  Cancer Research Laboratory,  as w e l l  as i n  t h e  whole 

Department, i s  very  conducive t o  i n n o v a t i o n  and t o  t h e  adap ta t i on  and e x p l o i t a t i o n  o f  

new techn iques  and approaches. Many members o f  t he  group and o f  t h e  whole f a c u l t y  a re  

o n l y  j u s t  beg inn ing  t o  r e a l i z e  t h e i r  p o t e n t i a l  i n  research and academia; t h i s  i s  be ing  

borne ou t  by t h e  c o n t i n u i n g  success i n  o b t a i n i n g  fund ing  f o r  newly submi t ted  g ran t  

appl  i c a t  i ons. 

D e s c r i p t i o n  o f  Equipment Requested and t h e  Need f o r  It 

Th is  a p p l i c a t i o n  requests fund ing  f o r  t h e  purchase o f  a low dose r a t e  D e s c r i p t i o n .  

l a b o r a t o r y  i r r a d i a t o r  t o  be used p r i m a r i l y  i n  research programs o f  c e l l u l a r  and 

molecu la r  b io logy ,  which a re  l o c a t e d  i n  t h e  B i o l o g i c a l  S t r u c t u r e  Cancer Research 

Labora tory ,  Department o f  B i o l o g i c a l  S t r u c t u r e  and t h e  Department o f  Pathology, School 

o f  Medicine, U n i v e r s i t y  o f  Washington. The ins t rument  o f  cho ice  i s  t h e  Gammacell 40 

low dose r a t e  l a b o r a t o r y  i r r a d i a t o r  manufactured by Atomic Energy o f  Canada, Ltd., 

Ottawa, Canada. The d e t a i l e d  d e s c r i p t i o n  and s p e c i f i c a t i o n s  o f  t h i s  u n i t  a re  a t tached 

(Appendix I ) .  

b i o l o g i c a l  and phys i ca l  science l a b o r a t o r i e s  throughout North America (see Appendix I ) .  

The Gammacell 40 i s  a se l f - con ta ined  i r r a d i a t o r  w ide l y  used i n  

The research supported by t h e  DOE c o n t r a c t  r e l i e s  h e a v i l y  on i r r a d i a t e d  rodents f o r  

s tudy ing  t h e  l ineages,  regenera t i ve  p o t e n t i a l ,  m i g r a t i o n  pathways and va r ious  

i n t e r a c t i o n s  o f  c e l l s  t h a t  p a r t i c i p a t e  i n  t h e  defense o f  t h e  hos t  aga ins t  cancer. 

a v a i l a b i l i t y  o f  an e f f i c i e n t ,  r e l i a b l e  i r r a d i a t o r  t h a t  p rov ides  a u n i f o r m  f i e l d  of 

The 

i r r a d i a t i o n  i s  e s s e n t i a l  for  meet ing  t h e  o b j e c t i v e s  o f  our  research. The lack  o f  such 

an i ns t rumen t  and our  l i m i t e d  access t o  t h e  a v a i l a b l e  next-best choice a r e  c u r r e n t l y  
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p r e s e n t i n g  a se r ious  obs tac le  t o  our work. 

a supplemental a p p l i c a t i o n  t o  our  c o n t r a c t  f o r  t h e  pas t  two years,  bu t  c u r t a i l m e n t s  i n  

t h e  DOE budget have prevented fund ing  o f  t h i s  a p p l i c a t i o n  desp i te  t h e  f a c t  t h a t  our  need 

has been recognized by t h e  c e n t r a l  o f f i c e  ( f o r  re fe rence  con tac t  Dr. George Stap le ton ,  

H e a l t h  E f f e c t s  Research D i v i s i o n ,  ER-72 GTN, O f f i c e  o f  Energy Research, Tel : (301)-353-5039) 

The URI program i s  p r e c i s e l y  the type of mechanism t h a t  i s  s o r e l y  and u r g e n t l y  needed t o  

p r o v i d e  f o r  our  need. Moreover, a c q u i s i t i o n  o f  t h e  i r r a d i a t o r  th rough t h e  U R I  program 

w i l l  s u b s t a n t i a l l y  b e n e f i t  and enhance a number o f  research  programs i n  B i o l o g i c a l  

S t r u c t u r e  and Pathology t h a t  a r e  n o t  d i r e c t l y  sponsored by DOE. 

We have t r i e d  t o  o b t a i n  t h e  Gammacell 40 by 

- Need. The f o l l o w i n g  a r e  t h e  s p e c i f i c  reasons f o r  t h e  need t o  purchase a l a b o r a t o r y  

i r r a d i a t o r  f o r  our research programs: 

1) The o n l y  a v a i l a b l e  i r r a d i a t o r  f o r  b i o l o g i c a l  research a t  t h e  U n i v e r s i t y  o f  

Washington Hea l th  Sciences i s  a P i c k e r  therapy  c l i n i c a l  Cesiumm-137 (Cs-137) i r r a d i a t o r  

t h a t  has been converted by t h e  Department of Rad io log i ca l  Sciences, School o f  P u b l i c  

H e a l t h  and i s  maintained by t h a t  department. 

2) The ou tpu t  of t h i s  machine a t  t h e  d i s tance  r e q u i r e d  t o  i r r a d i a t e  groups o f  mice 

i s  45-50 R/minute. A t  t h i s  low d e l i v e r y  ra te ,  E l k i n d  r e p a i r  i s  known t o  occur i n  

hemopo ie t i c  stem c e l l s ,  which i n t r o d u c e s  an element o f  u n c e r t a i n t y  i n t o  comparing our 

exper imenta l  data w i t h  those o f  o t h e r  l a b o r a t o r i e s .  These phys i ca l  l i m i t a t i o n s  a l s o  

impose l e s s  than opt imal c o n d i t i o n s  f o r  p repar ing  feeder l a y e r s  i n  c e l l  c l o n i n g  

exper iments and f o r  DNA rep1 i c a t i o n  s tud ies .  

3 )  The machine operates w i t h  a s i n g l e  Cs-137 source, i r r a d i a t i n g  t h e  mice from t h e  

d o r s a l  aspect, which r e s u l t s  i n  a d i f f e r e n t  b i o l o g i c  e f f e c t  than d o r s a l - v e n t r a l  

i r r a d i a t i o n  from a dual source. 

4 )  A non-uniform f i e l d  i s  d e l i v e r e d  t h a t  v a r i e s  10% over t h e  l e n g t h  o f  a mouse. 

5) The machine lacks  s e l f - s h i e l d i n g  and i t s  ope ra t i on  i s  complex and t ime  consuming. 

6) The source-subject  d i s t a n c e  must be s e t  each t ime  t h e  u n i t  i s  used, r e q u i r i n g  

r e c a l i b r a t i o n ;  t h i s  leads t o  i n t e r e x p e r i m e n t a l  v a r i a t i o n  i n  dose rate/dose. 

7 )  Being t h e  on ly  a v a i l a b l e  machine f o r  exper imental  use, i t  i s  so h e a v i l y  booked 
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t h a t  schedu l ing  must be done weeks i n  advance, and t h e r e  a r e  many c o n f l i c t s .  

8 )  User fees,  i n  excess o f  $2000-3000/year f o r  each o f  t h e  groups a re  r e q u i r e d  t o  

m a i n t a i n  our research  a t  t h e  p r o j e c t e d  l e v e l .  

Bene f i t s .  The Gammacell 40 o f f e r s  t h e  f o l l o w i n g  advantages f o r  our research programs: 

1 )  The i r r a d i a t o r  has been s p e c i f i c a l l y  designed f o r  t h e  t y p e  o f  b i o l o g i c a l  research 

performed i n  our programs. 

2 )  The dose r a t e  i s  140 R/minute, shown t o  be t h e  op t ima l  f o r  producing b i o l o g i c a l  

e f f e c t s  r e q u i r e d  i n  our  research. 

3 )  Two opposing Cs-137 sources p r o v i d e  improved u n i f o r m i t y  i n  t h e  exposure f i e l d .  

4 )  The ins t rumen t  i s  f u l l y  s e l f - s h i e l d e d ,  o b v i a t i n g  remodel ing and s h i e l d i n g  o f  t h e  

room where i t  w i l l  be i n  use. 

5 )  A b u i l t - i n  v e n t i l a t i o n  system d e l i v e r s  a i r  t o  t h e  mice d u r i n g  i r r a d i a t i o n .  

6 )  Maintenance c o s t s  a re  low; 30-year i s o t o p e  h a l f - 1  i f e  reduces replacement costs.  

7 )  Operat ion and maintenance do n o t  r e q u i r e  s p e c i a l l y  t r a i n e d  personnel, and a h i g h  

degree o f  s a f e t y  i s  assured f o r  t h e  opera tor .  

8)  Several o f  us have used t h e  Gammacell 40 a t  o t h e r  i n s t i t u t i o n s  and a re  f a m i l i a r  

w i t h  i t s  advantages f o r  t h e  type  o f  work we perform. 

A l t e r n a t i v e  Equipment. Other ins t ruments  we have cons idered i n c l u d e :  Cobalt 60 

u n i t s  (Gammacell 200 o r  Gammacell 500) and e l e c t r i c  x - ray  machines from Westinghouse o r  

P h i l i p s .  

r e l a t i v e l y  s h o r t  h a l f - l i f e  (5.7 years ) .  

The disadvantages o f  t h e  c o b a l t  u n i t s  a r e  t h e  h i g h  dose r a t e s  d e l i v e r e d  and the  

The disadvantages o f  u s i n g  e l e c t r o n i c  x - ray  

sources have been discussed r e c e n t l y  by Uphoff  (38). 

i n  r e s u l t s  o f  bone marrow t r a n s p l a n t a t i o n  experiments i n  mice when she compared 

She found s i g n i f i c a n t  d i f f e r e n c e s  

Westinghouse and P h i l i p s  x-ray u n i t s ,  even when t h e  dose r a t e s  were h e l d  constant.  The 

q u a l i t a t i v e  d i f f e r e n c e s  i n  x-ray e f f e c t s  were asc r ibed  t o  changes i n  t h e  h i g h  vo l tage  

l i n e s ,  a problem o b v i a t e d  by us ing  i s o t o p e  sources. Uphoff  a l s o  discussed the  

advantages o f  u s i n g  dose r a t e s  i n  t h e  neighborhood o f  140 R/minute and t h e  need f o r  

opposing sources r a t h e r  than  a s i n g l e  source f o r  d e l i v e r i n g  u n i f o r m  b i o l o g i c a l  e f f e c t s .  

O f  o t h e r  commerc ia l l y  a v a i l a b l e  u n i t s ,  we have e x t e n s i v e l y  eva lua ted  t h e  Mark-I-  
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Cesium-137 i r r a d i a t o r  manufactured by J. L. Shephard Co., Glendale, CA. The design o f  

t h i s  machine has severa l  s i g n i f i c a n t  disadvantages compared t o  Gammacell 40. The most 

i m p o r t a n t  o f  these i s  t h e  mob i l e  source. A recent  e x t e n s i v e l y  p u b l i s h e d  acc ident  w i t h  

t h i s  i ns t rumen t  t h a t  r e s u l t e d  f rom f a i l u r e  o f  l ower ing  t h e  source when t h e  r a d i a t i o n  

chamber was opened by t h e  o p e r a t o r  i s  a r e g r e t a b l e  b u t  noteworthy i l l u s t r a t i o n  o f  our  

concerns and p rov ides  ample j u s t i f i c a t i o n  f o r  s e l e c t i n g  t h e  Gammacell 40. 

I n  summary, t h e r e  i s  a d e f i n i t e  need f o r  a l a b o r a t o r y  i r r a d i a t o r  f o r  a t t a i n i n g  t h e  

o b j e c t i v e s  o f  t h e  research programs d e s c r i b e d  i n  t h i s  a p p l i c a t i o n .  Gammacell 40 meets 

t h e  needs o f  a l l  these research  programs f o r  t h e  fo reseeab le  f u t u r e ,  and i t  i s  t h e  most 

s u i t a b l e  i ns t rumen t  c u r r e n t l y  a v a i l a b l e  f o r  t h i s  purpose. 

w i l l  n o t  o n l y  assure t h a t  t h e  research  programs can proceed a t  an improved pace, bu t  

w i l l  p r o v i d e  op t ima l  c o n d i t i o n s  f o r  i r r a d i a t i o n  o f  animals and c e l l s  upon which t h e  

i n t e r p r e t a t i o n  of much o f  our  da ta  depends. 

D e s c r i p t i o n  of Research Sponsored b.y DOE and Other Federal Aqencies 

A c q u i s i t i o n  o f  a Gammacell 40 

~~ 

The research programs o f  t h e  B i o l o g i c a l  S t r u c t u r e  Cancer Research Laboratory a re  

concerned w i t h  t h e  d i f f e r e n t i a t i o n  o f  v a r i o u s  c e l l  t ypes  i n  t h e  hemopo ie t i c  and immune 

systems. F i  ve speci f i c programs can be d e f i n e d  t h a t  i n c l u d e  seve ra l  subpro jec ts  and 

t h a t  i n t e r d i g i t a t e  e x t e n s i v e l y  w i t h  r e s p e c t  t o  t h e i r  o b j e c t i v e s ,  exper imental  approaches 

and s i g n i f i c a n c e .  The s i x t h  program (P.I. ,  Wolf)  i n  Pathology i s  c l o s e l y  a l l i e d  w i t h  

some aspec ts  o f  research i n  t h e  B i o l o g i c a l  S t ruc tu re  Cancer Research Laboratory and 

t h e r e  i s  s u b s t a n t i a l  c o l l a b o r a t i o n  between t h e  programs as evidenced by pub l i ca t i ons .  

The seventh program (P.I., Loeb) i n  Pathology i s  no t  d i r e c t l y  r e l a t e d  t o  t h e  programs i n  

B i o l o g i c a l  S t ruc tu re .  

"Re la ted  Federal  Agency Con t rac ts "  (p. 5) .  

The g r a n t s  t h a t  support  t h i s  research a c t i v i t y  a r e  shown i n  

I t w i l l  be ev iden t  f rom t h e  b r i e f  d e s c r i p t i o n s  o f  t h e  programs t h a t  a l l  o f  them r e l y  

h e a v i l y  on t h e  use o f  an i r r a d i a t o r ,  and t h a t  t h e  c u r r e n t  c i rcumstances f o r c e  us t o  

pe r fo rm ou r  research under l e s s  t h a n  op t ima l  cond i t ions .  The Gammacell 40 requested i n  

t h i s  a p p l i c a t i o n  i s  s p e c i f i c a l l y  des igned f o r  t h e  t ype  o f  research  we a re  engaged i n  and 

i t s  a c q u i s i t i o n  w i l l  have t a n g i b l e  and p o s i t i v e  impact on a l l  programs descr ibed below. 
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Research Program No. 1: P r o j e c t  A: 

P r o j e c t  B: 

P r i n c i p a l  I n v e s t i g a t o r :  

Co- Inves t i aa to rs :  

Marrow-DeDendent Tumor N e u t r a l i z a t i o n  

LVmDhOCvte Produc t ion  and T r a f f i c  i n  t h e  
Bone Marrow 

Corne l i us  Rosse, M.D., D.Sc. 

L a i  - M i  ng Chi ng, Ph .D. 
B r i a n  Hami l ton,  M.D., Ph.0. 
Minako Y. Lee, M.D. 
Andrew Far r ,  Ph.D. 

The major  goal  o f  research i n  t h i s  program i s  t o  i n v e s t i g a t e  t h e  involvement o f  

c e l l s  d e r i v e d  from t h e  bone marrow i n  v a r i o u s  c e l l u l a r  immune responses, i n c l u d i n g  t h e  

n e u t r a l i z a t i o n  o f  immunogenic neoplasms. Th is  research  i s  c u r r e n t l y  supported by a 

c o n t r a c t  awarded by t h e  Department o f  Energy (P.I., Rosse); two research g ran ts  f rom t h e  

N a t i o n a l  Cancer I n s t i t u t e  (P.I., Rosse and Ching) ,  w i t h  dec i s ion  on an a d d i t i o n a l  N I H  

g r a n t  pending (P. I., Chi ng) . 
P r o j e c t  A 

Our work d u r i n g  t h e  pas t  few years (35-37) has shown t h a t  t he re  i s  a r a d i a t i o n -  

s e n s i t i v e  c e l l  p o p u l a t i o n  present  i n  t h e  bone marrow o f  normal, unsens i t i zed  mice upon 

which t h e  e f f e c t i v e n e s s  o f  tumor a n t i g e n - s p e c i f i c  c e l l s  l a r g e l y  depends i n  n e u t r a l i z i n g  

methy lcho lan threne (MCA)-induced sarcomas. We have named these c e l l s  Natura l  Tumor 

Growth Regulatory  C e l l s  (NTRC) because they  e x i s t  i n  normal unsens i t i zed  mice and t h e i r  

e l i m i n a t i o n  s e r i o u s l y  i n c a p a c i t a t e s  t h e  tumor n e u t r a l i z a t i o n  p o t e n t i a l  o f  tumor 

a n t i g e n - s p e c i f i c  immune c e l l s .  

The s p e c i f i c  research aims o f  t h i s  p r o j e c t  address two fundamental ques t ions :  

1) The d i f f e r e n t i a t i o n  o f  p r o g e n i t o r  c e l l s ,  d e r i v e d  from t h e  bone marrow, i n t o  

immunocompetent c e l l s  under t h e  i n f l u e n c e  o f  tumor ant igen-T c e l l  i n t e r a c t i o n .  

2) The d e f i n i t i o n  o f  c e l l  i n t e r a c t i o n  mechanisms t h a t  are respons ib le  f o r  successfu l  

n e u t r a l i z a t i o n  o f  immunogenic neoplasms -- i n  v ivo .  

These aims a r e  pursued i n  an -- i n  v i v o  exper imenta l  system us ing  t h e  Winn assay (41)  

i n  mice. 

i n  tumor immunobiology and i s  p a r t i c u l a r l y  w e l l  s u i t e d  t o  our research aims. 

Th is  assay i s  t h e  most w ide ly  used -- i n  v i v o  system f o r  i n v e s t i g a t i n g  ques t ions  

For  r o u t i n e  experiments, mice r e c e i v e  900 R whole body i r r a d i a t i o n  and a r e  
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t r a n s p l a n t e d  subcutaneously w i t h  tumor c e l l s .  

measur ing t h e  s i z e  o f  t h e  tumor a t  a p p r o p r i a t e  i n t e r v a l s .  

c e l l  t ypes  o r  c e l l  m i x t u r e s  on t h e  r a t e  o f  tumor growth i s  assessed by admixing these 

c e l l s  w i th  t h e  tumor c e l l s  a t  t h e  t i m e  o f  t r a n s p l a n t a t i o n  o r  by i n j e c t i n g  t h e  c e l l s  

independent ly  o f  t h e  tumor c e l l s ,  i n t ravenous ly .  The exper imenta l  s t r a t e g y  c a l l s  f o r  

seve ra l  m o d i f i c a t i o n s  o f  t h i s  bas i c  procecure;  a l l  experiments, however, must i nc lude  

i r r a d i  a t e d  c o n t r o l  animal s . 

The r a t e  o f  tumor growth i s  moni tored by 

The i n f l u e n c e  o f  var ious  

S ince  each exper iment  c o n s i s t s  o f  seve ra l  groups o f  mice, w i t h  10 mice i n  each 

group, most exper iments r e q u i r e  50-100 i r r a d i a t e d  animals. A t  present ,  t h e  major  

l i m i t i n g  f a c t o r s  i n  proceeding a t  t h e  a p p r o p r i a t e  pace w i t h  these s t u d i e s  a re  1) 

schedu l ing  o f  t h e  a v a i l a b l e  i r r a d i a t o r ,  2) t h e  c o s t  o f  us ing  t h e  i r r a d i a t i o n  f a c i l i t y ,  

and 3)  l a c k  o f  u n i f o r m  exposure w i t h  t h e  a v a i l a b l e  i r r a d i a t o r .  

a u n i f o r m  f i e l d  o f  exposure w i th  t h e  a v a i l a b l e  Cs-137 source, i n t e r p r e t a t i o n  o f  t h e  

exper imenta l  da ta  may be ques t ionab le  because o f  t h e  s u r v i v a l  o f  some c e l l  types we had 

Since we cannot r e l y  on 

assumed t o  have been e l i m i n a t e d  by t h e  t o t a l  body exposure. 

P r o j e c t  B 

I n t e r e s t  i n  t h i s  l a b o r a t o r y  has centered  on t h e  produc t ion  and d f f e r e n t i a t i o n  o f  

bone marrow lymphocytes (see reviews 32-34). 

B lymphocyte development i n  the  marrow (16,30), and much o f  our e f f  r t  has been 

d i r e c t e d  toward  d e f i n i n g  t h e  r o l e  o f  T lymphocyte precursors 

We have c o n t r i b u t e d  t o  t h e  understanding o f  

i n  t h e  marrow (2,12,28-31). 

The research  aims o f  t h e  p r o j e c t  address quest ions o f :  1 )  thymic dependence o f  

p recu rso r  T c e l l s  p resent  i n  t h e  bone marrow, 2)  m ig ra t i on  o f  these c e l l s  f rom the  

marrow t o  t h e  thymus, spleen, and lymph nodes, 3 )  t h e  r e l a t i o n s h i p  o f  pre-T c e l l s  o f  the 

marrow t o  t h e  p l u r i p o t e n t  stem c e l l  (CFU-S) and o the r  lymphocyte p recursors  (pre-B 

c e l l s ,  pre-NK c e l l s ) ,  4) t h e  microenvi ronmenta l  c e l l u l a r  i n t e r a c t i o n s  and humoral 

f a c t o r s  t h a t  promote and r e s t r i c t  t h e  d i f f e r e n t i a t i o n  of bone marrow T c e l l  precursors.  

The exper imenta l  systems used i n  t h i s  p r o j e c t  inc lude p a r a b i o t i c  p a i r s  o f  mice, 

t r a n s p l a n t a t i o n  procedures, and an -- i n  v i t r o  system developed t o  grow co lon ies  o f  T c e l l s  

f rom u n d i f f e r e n t i a t e d  T c e l l  precursors.  The p a r a b i o t i c  model p r i m a r i l y  addresses 

f 6318544 
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problems o f  c e l l  m i g r a t i o n  and i s  combined w i t h  i r r a d i a t i o n  o r  thymectomy o f  one o f  t h e  

members o f  a p a r a b i o t i c  p a i r .  T ransp lan ta t i on  o f  va r ious  bone marrow c e l l  f r a c t i o n s  i n t o  

i r r a d i a t e d  r e c i p i e n t s  o f  appropr ia te  hap lo type i s  used t o  i n v e s t i g a t e  stem c e l l - p r e c u r s o r  

c e l l  r e l a t i o n s h i p  and t h e  r e s t r i c t i o n  t h a t  t h e  H-2 haplotype o f  c e l l u l a r  i n d u c t i v e  en- 

v i ronments impose on developing T c e l l s .  The -- i n  v i t r o  T c e l l  colony system, used p r i -  

m a r i l y  by D r .  Ching, i s  i d e a l l y  s u i t e d  f o r  separa t i ng  t h e  f a c t o r s  t h a t  r e g u l a t e  T c e l l  

d i f f e r e n t i a t i o n  through t h e  i n t e r a c t i o n  o f  p h e n o t y p i c a l l y  d i s t i n c t  c e l l  types i n  t h e  

c o l  on i  es (3 ) .  

T o t a l  body i r r a d i a t i o n ,  o r  i r r a d i a t i o n  w i t h  s h i e l d i n g  of  t h e  l imbs o r  one member o f  

a p a r a b i o t i c  p a i r ,  i s  an impor tan t  requi rement  i n  t h i s  p r o j e c t .  I n  t r a n s p l a n t a t i o n  

s tud ies ,  assay ing  bone marrow c e l l  f r a c t i o n s  f o r  p r o g e n i t o r  c e l l  f u n c t i o n  requ i res  l a r g e  

numbers o f  i r r a d i a t e d  animals. Uni form exposure o f  t h e  r e c i p i e n t  mice i n  these s tud ies  

i s  p a r t i c u l a r l y  impor tant .  I n  t e s t i n g ,  t h e  r a d i a t i o n  s e n s i t i v i t y  o f  t h e  c e l l  popu la t i on  

be ing  assayed f o r  a p a r t i c u l a r  p r o g e n i t o r  c e l l  f u n c t i o n  requ i res  accura te  mon i to r i ng  o f  

t h e  dose ra te .  The c u r r e n t l y  a v a i l a b l e  r a d i a t i o n  f a c i l i t y  does no t  meet t h e  

requ i rements  f o r  these experiments. The use of  t h e  f a c i l i t y  f o r  m u l t i p l e ,  d i s t i n c t  

purposes r e q u i r e s  time-consuming adjustments,  o f t e n  l e a v i n g  us i n  doubt whether we are,  

i n  f a c t ,  r e p e a t i n g  our  experiments under s tandard i r r a d i a t i o n  cond i t ions .  

The a c q u i s i t i o n  o f  t h e  Gammacell i r r a d i a t o r  w i l l  n o t  o n l y  a l l e v i a t e  a l l  these 

problems, b u t  w i l l  g r e a t l y  f a c i l i t a t e  ou r  work because o f  i t s  u n r e s t r i c t e d  a v a i l a b i l i t y .  

I t s  c h i e f  advantage w i l l  be a un i fo rm i r r a d i a t i o n  f i e l d  t h a t  w i l l  pe rm i t  us t o  i n t e r p r e t  

o u r  da ta  w i t h  g r e a t e r  confidence. 

Research Program No. 2: Tumor I n f l  uence on Hemopoiesis 

P r i n c i p a l  I n v e s t i g a t o r :  Minako Y. Lee, M.D. 

Co - Inves t i ga to rs :  Corne l ius  Rosse, M.D., D.Sc. 
S y l v i a  B. Po l l ack ,  Ph.D. 
Andrew F a r r ,  Ph.D. 

The o v e r a l l  goal o f  t h i s  research program i s  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  c e r t a i n  

neoplasms on hemopoiesis, which p e r t u r b  t h e  d i f f e r e n t i a t i o n  and r a t e  o f  p roduc t ion  o f  

v a r i o u s  hemopoiet ic  c e l l s  and c e l l s  p o t e n t i a l l y  capable o f  p a r t i c i p a t i n g  i n  c e l l u l a r  
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imrnune responses, i n c l u d i n g  those d i r e c t e d  aga ins t  tumors. Th is  research  i s  supported 

by a c o n t r a c t  from t h e  Department o f  Energy (Marrow-Tumor I n t e r a c t i o n s ,  P.I., Qosse) and 

a g r a n t  f rom the  Na t iona l  Cancer I n s t i t u t e  (P . I . ,  Lee). 

We have been s tudy ing  t h e  hemopoiet ic e f f e c t s  o f  t h e  t r a n s p l a n t a b l e  CE mammary 

carcinoma 1460 and have shown t h a t  i n  mice t h e  carcinoma causes 1) mye lo id  hyperp las ia  

o f  t h e  bone marrow w i t h  n e u t r o p h i l  p roduc t ion  r a t e s  seven t imes t h a t  o f  normal (18,21), 

2 )  replacement o f  f a t t y  marrow i n  t h e  pe r iphe ra l  ske le ton  w i t h  hemopoiet ic  marrow (19), 

3 )  marked f a l l  i n  t h e  p r o d u c t i o n  o f  lymphocytes i n  p r imary  lymphoid organs (20) ,  

4 )  i nc reased o s t e o c l a s t i c  a c t i v i t y  and marked hypercalcemia (17).  

The mode o f  a c t i o n  of  t h i s  tumor i s  through t h e  p roduc t i on  o f  va r ious  f a c t o r s  t h a t  

a r e  be ing  i nves t i ga ted .  The tumor i s  o f  cons iderable i n t e r e s t  because i t  may g i ve  

i n s i g h t  i n t o  the  mechanisms t h a t  r e g u l a t e  t h e  volume o f  hemopoiet ic  t i s s u e ,  the c e l l u l a r  

microenvi ronmenta l  changes necessary f o r  suppor t ing  a c t i v e  hemopoiesis, and the  

i n t e r r e l a t i o n  o f  va r ious  t ypes  o f  stem c e l l s  and p r o g e n i t o r  c e l l s  i n  t h e  marrow. 

re levance o f  t h i s  tumor model t o  tumor immunobiology i s  t h a t  i t  may permi t  i n v e s t i g a t i o n  

o f  t h e  mechanisms by which tumors shut o f f  t h e  produc t ion  o f  c e r t a i n  c e l l  types 

necessary f o r  an t icancer  c e l l u l a r  responses i n  t h e  hos t  (7,35-37). 

t h i s  research i s  t o  s y s t e m a t i c a l l y  examine the  i n f l u e n c e  o f  CE mammary carcinoma on 

v a r i o u s  hemopoiet ic stem c e l l s  f o r  which assay systems have been developed. 

phase of t h e  study w i l l  i n v e s t i g a t e  o ther  tumors f o r  t h e i r  hemopoiet ic  e f f e c t s ,  

i n c l u d i n g  those on stem c e l l s .  

The 

One o f  the aims o f  

The second 

I n  t h e  f i r s t  phase of t h e  s tudy,  bone marrow c e l l s  ob ta ined f rom mice t h a t  have been 

b e a r i n g  CE carcinoma f o r  v a r i o u s  per iods  are assayed f o r  hemopoiet ic  stem c e l l s .  

bone marrow c e l l s  o f  tumor-bear ing donors are i n j e c t e d  i n t o  normal, l e t h a l l y  i r r a d i a t e d  

animals ,  and t h e  number of  CFU-S, as we l l  as the  recovery o f  CFU-C, BFU-E, CFU-E and 

lymphoid stem c e l l s  (CFU-B C241, CFU-T [3] and NK precursors [25]) a r e  assayed du r ing  

t h e  phase o f  regenerat ion.  I n  another study, bone marrow c e l l s  f rom normal mice a re  

t r a n s f e r r e d  i n t o  i r r a d i a t e d ,  tumor-bear ing mice, and t h e  same b a t t e r y  o f  stem c e l l  

assays performed. I n  a m o d i f i c a t i o n  o f  t h i s  l a t t e r  exper imenta l  system, f r a c t i o n s  o f  

The 
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bone marrow c e l l  s enr iched f o r  s p e c i f i c  t ypes  o f  p r o g e n i t o r  c e l l  s a r e  t r a n s f e r r e d  i n t o  

i r r a d i a t e d ,  tumor-bear ing hos ts  t o  assess t h e  d i f f e r e n t i a l  e f f e c t s  o f  t h e  tumor on 

v a r i o u s  stem c e l l s .  Bone marrow c e l l  f r a c t i o n s  enr iched f o r  va r ious  p r o g e n i t o r  c e l l s  

a r e  ob ta ined  by making use o f  phys i ca l  d i f f e r e n c e s  between var ious  p r o g e n i t o r  c e l l s  and 

a l s o  by u s i n g  monoclonal an t i bod ies ,  which have been developed f o r  t h e  i d e n t i f i c a t i o n  o f  

t hese  c e l l s .  

These s t u d i e s  r e l y  h e a v i l y  on t h e  e x t e n s i v e  use o f  an animal i r r a d i a t o r .  A gama 

c e l l  i r r a d i a t o r ,  under our  own c o n t r o l ,  would s i g n i f i c a n t l y  boost t h i s  research  program 

b o t h  i n  terms o f  t h e  amount o f  work we would be a b l e  t o  per fo rm and t h e  r e l i a b i l i t y  o f  

t h e  d a t a  we w i l l  ob ta in .  

Research Program No. 3 P r o j e c t  A: An t i tumor  A c t i v i t y  o f  Armed Lymphoid C e l l s  

P r o j e c t  B :  Regu la to ry  I n t e r a c t i o n s  o f  NK C e l l s  

P r i n c i p a l  I n v e s t i g a t o r :  S y l v i a  B. Po l lack ,  Ph.D. 

Co- Inves t i ga to rs :  C o r n e l i u s  Rosse, M.D., D.Sc. 
C l a i r e  Robles, Ph.D. 
B r i a n  L. Hamilton, M.D., Ph.D. 
Andrew Far r ,  Ph.D. 

The major goal o f  t h e  research  i n  t h i s  program i s  t o  understand t h e  m a t u r a t i o n  and 

d i f f e r e n t i a t i o n  o f  n a t u r a l  k i l l e r  (NK) c e l l s  and t o  e l u c i d a t e  t h e i r  r o l e s  i n  bo th  - i n  

v i v o  an t i t umor  responses o f  t h e  hos t  and t h e  r e g u l a t i o n  o f  immune and hemopoiet ic 

c e l l u l a r  responses. 

responses i s  funded by t h e  DOE c o n t r a c t  (P.I., Rosse) and an N I H  g r a n t  (P.I., P o l l a c k )  

and i t s  o t h e r  components a re  funded by t h e  two N I H  g ran ts  (P.I., P o l l a c k ) .  

P r o j e c t  A 

The component o f  t h i s  research concerned w i t h  -- i n  v i v o  an t i t umor  

Al though i t  i s  known t h a t  NK c e l l s  a r e  bo th  bone marrow dependent and bone marrow 

d e r i v e d  (7) ,  t h e r e  i s  e s s e n t i a l l y  no i n f o r m a t i o n  about t h e i r  ma tu ra t i on  and 

d i f f e r e n t i a t i o n  program. It i s  no t  known, f o r  ins tance,  what stage o f  m a t u r i t y  these 

c e l l s  reach be fo re  they  a re  discharged from t h e  marrow, how t h e i r  p recu rso rs  r e l a t e  t o  

o t h e r  hemopoiet ic p r o g e n i t o r  c e l l s  and how t h e i r  p roduc t i on  i n  t h e  marrow i s  regu la ted .  

These problems a re  being a t tacked  by two p a r a l l e l  exper imental  s t r a t e g i e s :  
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1) Based on p r e l i m i n a r y  da ta  we hypothes ize  t h a t  NK c e l l s  i n  t h e  bone marrow a c q u i r e  

t h e  a b i l i t y  t o  b i n d  t o  a p p r o p r i a t e  t a r g e t s  ( Y A C - 1 )  b e f o r e  they  develop t h e  capac i t y  t o  

l y s e  t h e  t a r g e t s  a s  we l l  (26 ) .  We a r e  u s i n g  w e l l  e s t a b l i s h e d  techniques o f  c e l l u l a r  

k i n e t i c s  t o  l a b e l  DNA syn thes i z ing  NK p recu rso rs  w i t h  3H-TdR -- i n  v i t r o  and de termin ing  on 

rad ioautographs  t h e  p r o l i f e r a t i v e  s t a t u s  and t u r n o v e r  o f  c e l l s  t h a t  b i n d  o r  b ind  and 

l y s e  NK-sens i t i ve  t a r g e t s .  

2) We have developed a n t i s e r a  t h a t  recogn ize  an t i gens  expressed by NK c e l l s  (27 ) .  

These an t i gens  can be used t o  d e p l e t e  NK c e l l s  -- i n  v i v o  and -- i n  v i t r o  and they  a l s o  l e n d  

themselves f o r  su r face  l a b e l i n g  o f  NK c e l l s ,  p e r m i t t i n g  p o s i t i v e  enrichment o f  these 

c e l l s  by t h e  f luorescence a c t i v a t e d  c e l l  s o r t e r .  The use o f  these sera i s  being 

combined w i t h  c e l l  k i n e t i c  s t u d i e s  t o  complement t h e  exper iments descr ibed above. 

Both exper imenta l  s t r a t e g i e s  r e l y  on e n r i c h i n g  NK c e l l s  and t h e i r  p recursors  by t h e  c e l l  

s o r t e r  acco rd ing  t o  c e l l  s ize,  g r a n u l a r i t y  and t h e  b i n d i n g  o f  anti-NK o r  o the r  a n t i s e r a .  

The c e l l  popu la t i ons  t h a t  a re  en r i ched  o r  dep le ted  f o r  NK c e l l s  a r e  i n v e s t i g a t e d  i n  both 

i n  v i v o  and -- i n  v i t r o  an t i tumor  responses. We 

NK c e l l s  t o  NTRC and i n  another system we a re  

-- 

c e l l s  may i n f l u e n c e  t h e  r a t e  o f  me tas tas i s  by 

a re  c u r r e n t l y  t e s t i n g  t h e  r e l a t i o n s h i p  o f  

s tudy ing  t h e  mechanisms through which NK 

va r ious  tumors. 

P r o j e c t  B 

Na tu ra l  k i l l e r  (NK) c e l l s  can recogn ize  and l y s e  n o t  o n l y  s e n s i t i v e  tumor c e l l s  bu t  

a l s o  c e r t a i n  normal c e l l  types such as bone marrow c e l l s  and thymocytes. Recently we 

and o t h e r s  have demonstrated t h a t  NK c e l l s  can r e g u l a t e  t h e  response o f  B c e l l s  t o  

a n t i g e n i c  s t i m u l a t i o n .  

Our k i n e t i c  s tud ies  suggest t h a t  t h e  r e g u l a t o r y  e f f e c t s  o f  NK c e l l s  a r e  impor tan t  

d u r i n g  t h e  i n i t i a t i o n  o f  t h e  an t i body  response. The mechanisms a re  be ing  explored 

f u r t h e r  i n  -- i n  v i t r o  c u l t u r e  systems under c o n d i t i o n s  o f  NK enrichment o r  dep le t ion .  

t h e  b a s i s  o f  these r e s u l t s  we w i l l  beg in  t o  d i s s e c t  t h e  complex b i o l o g i c a l  r o l e  of NK 

c e l l s  i n  a n t i t u m o r  responses -- i n  v i v o  u s i n g  a Maloney v i rus - induced  sarcoma w i t h  w e l l  

c h a r a c t e r i z e d  B and T c e l l  responses. Experiments s i m i l a r  t o  those w i t h  de f ined 

an t i gens  w i l l  determine whether d e p l e t i o n  o f  NK c e l l s  -- i n  v i v o  a f f e c t s  t h e  magnitude 

On 
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and/or k i n e t i c s  o f  t h e  an t i body  response t o  p r imary  MSV-induced sarcoma. 

The s t u d i e s  i n  Research Program No. 3 r e l y  on t h e  use o f  i r r a d i a t e d  mice i n  many 

experiments. 

Program 1 ) ,  and a l s o  i n  exper iments a t tempt ing  t o  i n v e s t i g a t e  t h e  r e c o n s t i t u t i o n  o f  t h e  

NK c e l l  p o p u l a t i o n  i n  NK-depleted, i r r a d i a t e d  hos ts  by va r ious  p u t a t i v e  NK p recursors  

i s o l a t e d  from t h e  bone marrow, Since mature NK c e l l s  a r e  q u i t e  r a d i a t i o n  r e s i s t a n t ,  i t  

i s  p a r t i c u l a r l y  impor tan t  t o  pe r fo rm t h e  exper iments w i t h  r a d i a t i o n - s e n s i t i v e  NK 

p recursors  under s t r i c t l y  c o n t r o l l e d  and r e l i a b l e  cond i t i ons .  Moreover, i r r a d i a t e d  mice 

a r e  used as donors of NK c e l l s  i n  severa l  o f  t h e  exper imenta l  p r o t o c o l s  o f  P r o j e c t  6. 

The Gammacell 40 w i l l  assure a l l  these requirements.  

Th is  i s  e s p e c i a l l y  t h e  case i n  t h e  NTRC-related s t u d i e s  (descr ibed i n  

Research Program No. 4 P r o j e c t  A Age-dependent modu la t ion  o f  T 

C e l l  Func t ion  

P r o j e c t  B Autoimmune Pathogenesis o f  Diabetes 

P r i n c i p a l  I n v e s t i g a t o r :  Andrew F a r r ,  Ph.D. 

Co- Inves t iga tors :  La i  - M i  ng Chi ng , Ph .D. 
C o r n e l i u s  Rosse, M.D., D.Sc. 

The major goal o f  t h i s  research  program i s  t o  understand how t h e  

i n  T c e l l  f u n c t i o n  depends on t h e  modulat ion o f  t h e  i n t r a t h y m i c  c e l  

and how t h e  s e n s i t i z a t i o n  o f  T lymphocytes t o  an t igens  expressed by 

age-re1 a ted  dec l  i ne 

u l a r  env i  ronment 

amaged panc rea t i c  

i s l e t  c e l l s  predisposes t o  t h e  pathogenesis o f  insu l in-dependent  d iabetes.  This  program 

i s  funded by t h e  Na t iona l  I n s t i t u t e  o f  Aging and t h e  Diabetes Research Center, U n i v e r s i t y  

o f  Washington (P.I., F a r r ) .  Dec is ion  on an a d d i t i o n a l  N I H  g ran t  i s  pending (P I ,  F a r r ) .  

P r o j e c t  A 

There i s  evidence t h a t  t h e  express ion o f  I a  an t igens  on c e l l s  compr is ing t h e  thymic 

microenvironment i n f l u e n c e s  T c e l l  d i f f e r e n t i a t i o n  and matura t ion .  We have d iscovered 

t h a t  I a  express ion i n  t h e  thymus dec l i nes  w i t h  age and i s  l o s t  a l s o  d u r i n g  -- i n  v i t r o  

c u l t u r e  o f  t h e  nonlymphoid elements o f  t h e  thymus (5) .  There a r e  two c e l l  popu la t ions  

t h a t  express l a  i n  t h e  thymus: e p i t h e l i a l  c e l l s  and bone marrow-derived mononuclear 

c e l l s .  I n  o rder  t o  determine t h e  r o l e  o f  bone marrow-derived c e l l s  i n  ma in ta in ing  I a  
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express ion  i n  t h e  thymus, t h e  i n t r a t h y m i c  r a t e  o f  t u rnove r  and l i f e  span o f  these c e l l s  

must be determined and c o r r e l a t e d  w i t h  t h e  an t i gen  expression s p e c i f i c i t y  o f  t h e  T c e l l s  

genera ted  i n  t h e  thymus. Exper imen ta l l y ,  t h i s  i s  best achieved by c r e a t i n g  bone marrow 

t r a n s p l a n t a t  on chimeras between mice of d i s t i n c t  H-2  hap lo type i n  o r d e r  t o  d i s t i n g u i s h  

between thym c e p i t h e l i a l  c e l l s  o f  t h e  h o s t  and marrow de r i ved  c e l l s  generated by 

t r a n s p l a n t e d  stem c e l l s .  I n  such s t u d i e s ,  l e t h a l l y  i r r a d i a t e d  86 mice  a r e  r e c o n s t i t u t e d  

w i t h  B6XA ( F 1 )  bone marrow and t h e  c e l l s  a r e  i d e n t i f i e d  i n  t h e  chimera by double 

l a b e l i n g  w i t h  a p p r o p r i a t e  an t i -H2  a n t i s e r a  and a n t i - I a  an t i se ra .  

u s i n g  3H-TdR i n  t h e  chimera p r o v i d e  t h e  i n f o r m a t i o n  needed about c e l l  t u rnove r  and l i f e  

span o f  t h e  bone marrow-derived c e l l s .  

P r o j e c t  B 

C e l l  k i n e t i c  s tud ies  

We have been i n v e s t i g a t i n g  t h e  autoimmune pathogenesis o f  insu l in -dependent  diabetes 

i n  mice  t r e a t e d  w i t h  t h e  d iabe togen ic  agent s t rep tozo toc in .  

f e a t u r e s  o f  t h i s  exper imental  model : 

There a r e  two i n t e r e s t i n g  

1) The disease can be a d o p t i v e l y  t r a n s f e r r e d  by spleen c e l l s  o f  t h e  d i a b e t i c  animal, 

2 )  There i s  a gene t i c  b a s i s  f o r  t h e  pathogenesis o f  t he  d isease as c e r t a i n  mouse 

s t r a i n s  a r e  s u s c e p t i b l e  t o  s t r e p t o z o t o c i n ,  whereas o thers  a re  no t .  

The study o f  bo th  aspects of t h e  pathogenesis r e l y  on t h e  use o f  an i r r a d i a t o r .  

R e c i p i e n t  mice o f  d i a b e t i c  spleen c e l l s  need t o  be s u b l e t h a l l y  i r r a d i a t e d  t o  e l i m i n a t e  

r a d i o - s e n s i t i v e  suppressor T c e l l  popu la t i ons .  I n  o the r  exper iments l e t h a l l y  i r r a d i a t e d  

m ice  need t o  be used as r e c i p i e n t s  o f  c e l l  m ix tu res  o f  d i f f e r e n t  types. S im i la r l y ,  

c r e a t i o n  o f  bone marrow t r a n s p l a n t a t i o n  chimeras i s  necessary f o r  d i s s o c i a t i n g  t h e  

lympho id  and nonlymphoid elements i n  t h e  pathogenesis o f  t h e  d iabetes .  

l e t h a l l y  i r r a d i a t e d  streptozotocin-resistant mice (BALB/c) need t o  be r e c o n s t i t u t e d  w i th  

bone marrow o f  t h e  s u s c e p t i b l e  s t r a i n  (B10.DZ) and -- v i c e  versa ( w i t h  app rop r ia te  c o n t r o l s  

o f  syngeneic t r a n s f e r )  and t h e  degree o f  hyperglycemia determined a f t e r  s t rep tozo toc in  

i n j u r y .  

For instance, 

The a v a i l a b i l i t y  o f  a dependable i r r a d i a t o r  i s  e s s e n t i a l  f o r  b o t h  p r o j e c t s  i n  t h i s  

research  program. One o f  t h e  l i m i t i n g  f a c t o r s  i n  proceeding w i t h  these  experiments on 
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t h e  d e s i r e d  s c a l e  i s  t h e  l i m i t e d  access t o  t h e  i r r a d i a t o r  a v a i l a b l e  f o r  exper imenta l  

purposes. 

t h i s  research  program and would pe rm i t  us t o  i n t e r p r e t  ou r  data w i t h  g r e a t e r  conf idence. 

The Gammacell 40 i r r a d i a t o r  under ou r  own c o n t r o l  would s i g n i f i c a n t l y  boos t  

Research Program No. 5 P r o j e c t  A :  Mechanisms o f  Graft-Vs-Host Reactions t o  
Minor H i s t o c o m p a t i b i l i t y  Antigens 

P r o j e c t  B: Mechanisms o f  T ransp lan ta t i on  Tolerance t o  
Minor-H Ant igens 

P r i n c i p a l  I n v e s t i g a t o r :  B r i a n  L. Hamil ton,  M.D., Ph.D. 

Co- Inves t i ga to rs :  Corne l i us  Rosse, M.D., D.Sc. 
S y l v i a  B. Po l l ack ,  Ph.D. 
Hans D. Ochs, M.D. 

The o v e r a l l  goal  o f  t h i s  research  program i s  t o  d e f i n e  t h e  r o l e  o f  minor 

h i s t o c o m p a t i b i l i t y  an t igens  (Minor-HA) i n  t h e  immunobiology o f  murine bone marrow 

t r a n s p l a n t a t i o n .  

mechanisms t h a t  r e s u l t  i n  g r a f t - v s - h o s t  disease (GVHD) due t o  Minor-HA and 2 )  t o  d e f i n e  

t h e  mechanism o f  an acqu i red  immunodeficiency syndrome (IDS) associated w i t h  GVHD. 

p r o j e c t s  would b e n e f i t  g r e a t l y  f rom t h e  a v a i l a b i l i t y  o f  t h e  Gammacell 40 I r r a d i a t o r  

Two research p r o j e c t s  a re  i n  p rogress  t o  1)  d e f i n e  t h e  immunologic 

Both 

reques ted  i n  t h i s  a p p l i c a t i o n .  

t h e  N a t i o n a l  Cancer I n s t i t u t e  (P.I., Hamil ton) and an a d d i t i o n a l  g ran t  from March o f  

Dimes (P.I., Hamil ton).  

These p r o j e c t s  a r e  c u r r e n t l y  funded by two gran ts  f rom 

The r o l e  of ma jor  h i s t o c o m p a t i b i l i t y  complex (MHC) an t igens  such as  H-2 i n  GVHD has 

been w e l l  s t u d i e d  as reviewed by Grebe and S t r e i l e i n  (6 ) .  Non-MHC Minor-HA are t h e  

p r i m a r y  an t i gens  respons ib le  f o r  g r a f t  r e j e c t i o n  when donor and r e c i p i e n t  mice a r e  

matched f o r  MHC ant igens, b u t  t h e i r  r o l e  i n  GVHD i s  n o t  w e l l  understood (13).  

The P.I .  of research  program number 5 has developed and cha rac te r i zed  a mouse model 

o f  bone marrow t r a n s p l a n t a t i o n  across minor h i s t o c o m p a t i b i l i t y  b a r r i e r s  i n  mice which 

were s e l e c t e d  f o r  i d e n t i t y  a t  t h e  MHC (9-11). Th i s  model i s  p a r t i c u l a r l y  w e l l  s u i t e d  

t o  s tudy  t h e  immunobiology o f  GVHD, i n c l u d i n g  t h e  mechanisms which r e s u l t  i n  WHO and 

t h e  mechanisms o f  t h e  IDS assoc ia ted  w i t h  GVHD. 

P r o j e c t  A 

I n i t i a l  s t u d i e s  have shown t h a t  GVHD i n  t h i s  model system i s  i n i t i a t e d  by donor T 
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c e l l s  (9,lO). 

o f  T c e l l s  which i n i t i a t e  GVHD and t h e  c e l l  popu la t i ons  which e f f e c t  GVHD us ing  adopt ive  

t r a n s f e r  exper iments.  I n  these experiments, l e t h a l l y  i r r a d i a t e d  p r imary  r e c i p i e n t s  are 

t r a n s p l a n t e d  w i t h  bone marrow p l u s  spleen c e l l s  f rom H-2 i d e n t i c a l  donors on day 0. On 

day 14, when an a n t i - r e c i p i e n t  response o f  t h e  donor T c e l l s  can be de tec ted  i n  t h e  

c h i m e r i c  sp leen c e l l s  (8) .  

GVHD, spleen c e l l s  f rom t h e  p r imary  r e c i p i e n t s  a re  s e l e c t i v e l y  dep le ted  o f  s p e c i f i c  T 

c e l l  subpopu la t ions  and these spleen c e l l s  a r e  then t r a n s f e r r e d  t o  l e t h a l l y  i r r a d i a t e d  

secondary r e c i p i e n t s  which a r e  syngeneic t o  t h e  pr imary  r e c i p i e n t s .  

S tud ies  a r e  c u r r e n t l y  i n  progress t o  d e f i n e  t h e  s p e c i f i c  subpopulat ions 

To t e s t  t h e  i d e n t i t y  o f  t h e  T c e l l s  capable o f  t r a n s f e r r i n g  

P r o j e c t  B 

Gra f t - ve rsus -hos t  d isease (GVHD) i s  f r e q u e n t l y  associated w i th  a profound 

immunodef ic iency syndrome (GVH-IDS). We have shown t h a t  mice w i t h  GVHD a r e  unable t o  

genera te  a normal an t i body  response t o  t h e  T-dependent neoant gen bacter iophage Phi X 

174 ( 3 9 ) .  

donor type ,  t hese  donor c e l l s  must acqu i re  t h e  immunodeficiency as a r e s u l t  o f  t he  GVHD. 

Two hypotheses have been proposed t o  e x p l a i n  t h e  GVH- IDS:  1) The immunodeficiency 

r e s u l t s  f rom t h e  absence o f  a s p e c i f i c  c e l l  popu la t ion ,  such as T h e l p e r  c e l l s  o f  8 

c e l l s ,  and 2 )  t h e  immunodeficiency r e s u l t s  from t h e  presence o f  an excess of T 

suppressor c e l l s .  

Since t h e  immunocompetent c e l l s  i n  t h e  r e c i p i e n t  m ce a r e  e n t i r e l y  o f  t h e  

The p r imary  approach t o  de te rm in ing  which o f  these two hypotheses i s  c o r r e c t  i s  t o  

pe r fo rm a s e r i e s  o f  adop t i ve  t r a n s f e r  experiments. 

t h e  p r i m a r y  r e c i p i e n t s  w i l l  be a d o p t i v e l y  t r a n s f e r r e d  t o  l e t h a l l y  i r r a d i a t e d  secondary 

r e c i p i e n t s  which a r e  syngeneic t o  t h e  o r i g i n a l  donor s t r a i n .  

sp leen c e l l s  w i l l  be r e t u r n e d  t o  a n e u t r a l  environment i n  which t h e  a n t i g e n i c  s t imu lus  

(minor  HA) f o r  GVHD w i l l  n o t  e x i s t .  

be assayed i n  t h e  absence o f  an ongoing GVHD reac t i on .  

w i l l  be done t o  c o n f i r m  t h a t  t h e  immunodeficiency can be a d o p t i v e l y  t r a n s f e r r e d  t o  t h e  

secondary r e c i p i e n t s .  

mixed w i t h  equal numbers o f  normal donor t y p e  spleen c e l l s  and t h e  m i x t u r e  i n j e c t e d  i n t o  

Bone marrow and spleen c e l l s  from 

In t h i s  way, t he  ch imer ic  

The immune f u n c t i o n  o f  t h e  ch imer i c  c e l l s  can then 

The f i r s t  s e r i e s  o f  experiments 

I n  subsequent experiments, t h e  ch imer ic  sp leen c e l l s  w i l l  be 
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l e t h a l l y  i r r a d i a t e d  donor t ype  r e c i p i e n t s .  

immunized w i t h  bacter iophage Phe X 174. 

secondary r e c i p i e n t s ,  then we would conclude t h a t  the  spleen c e l l s  form mice undergoing 

GVHD l a c k  a s p e c i f i c  c e l l  populat ion.  I f  no ant ibody response develops i n  t h e  secondary 

r e c i p i e n t s ,  then we would conclude t h a t  t h e  immunodeficiency associated w i t h  GVHD 

r e s u l t s  f rom t h e  presence o f  suppressor c e l l s .  

These secondary r e c i p i e n t s  w i l l  then be 

I f  an ant ibody response develops i n  t h e  

The exper imenta l  p r o t o c o l s  f o r  Research Program 5 make ex tens i ve  use o f  l e t h a l l y  

i r r a d i a t e d  mice f o r  p r imary  and secondary t r a n s p l a n t a t i o n  experiments. 

mice a r e  then  f o l l o w e d  f o r  s u r v i v a l  da ta  o r  used as  spleen c e l l  donors f o r  adop t i ve  

t r a n s f e r  exper iments o r  f o r  -- i n  v i t r o  assays o f  immune r e a c t i v i t y  t o  Minor-HA. 

a d d i t i o n ,  congenic s t r a i n s ,  which d i f f e r  f rom each o the r  a t  s i n g l e  Minor-HA l o c i ,  a r e  

used as donors and r e c i p i e n t s  i n  t r a n s p l a n t a t i o n  experiments t o  d e f i n e  t h e  r o l e  o f  

i n d i v i d u a l  an t i gens  i n  t r a n s p l a n t a t i o n  immunity . 

The t r a n s p l a n t e d  

I n  

The s t u d i e s  desc r ibed  f o r  Research P r o j e c t  5 were i n i t i a t e d  w h i l e  Dr .  Hamil ton was a 

Pos tdoc to ra l  Fe l l ow  a t  t h e  C h i l d r e n ' s  H o s p i t a l  Medical Center and t h e  Sidney Farber 

Cancer I n s t i t u t e  i n  Boston, Massachusetts. Development o f  t h e  b a s i c  t r a n s p l a n t a t i o n  

model system, i n c l u d i n g  establ ishment  o f  t h e  i r r a d i a t i o n  dose response curves f o r  t h e  

s p e c i f i c  mouse s t r a i n s  he used, took 18 months. For t h i s  work he used a Gammacell 40 

i r r a d i a t o r  l o c a t e d  i n  t h e  J o i n t  Center f o r  Rad ia t i on  Therapy a t  t h e  Harvard U n i v e r s i t y  

S h i e l d s  Warren R a d i a t i o n  Laboratory. Dr .  Hamil ton has now moved t o  t h e  Department 

o f  B i o l o g i c a l  S t r u c t u r e  i n  S e a t t l e  where t h e  o n l y  animal i r r a d i a t o r  a v a i l a b l e  i s  a 

s i n g l e  source Cs-137 u n i t  t h a t  has been r e t i r e d  from c l i n i c a l  se rv i ce .  The dose r a t e  

i n i t i a l l y  used i n  Boston was 122 R/minute, whereas t h e  c u r r e n t  source d e l i v e r s  o n l y  48 

R/minute w i t h  a r e l a t i v e l y  l a r g e  v a r i a t i o n  over t h e  l e n g t h  o f  t h e  mouse (50-45 R/min 

f rom nose t o  t a i l ) .  Consequently, t h e  outcome o f  t h e  t r a n s p l a n t a t i o n  experiments 

performed i n  S e a t t l e  has changed somewhat i n  t h a t  t h e  i nc idence  o f  l e t h a l  GVH has 

decreased, and t h e  median s u r v i v a l  t i m e  o f  mice w i t h  GVH has increased: a l e s s  severe 

fo rm o f  GVH i s  c u r r e n t l y  observed. Al though t h i s  observat ion may be due t o  changes i n  

t h e  m i c r o b i a l  f l o r a  of t h e  new animal f a c i l i t y  o r  t o  d i f f e r e n c e s  i n  animal care 

t 3 9 8 5 5 3  25 



techn iques  (bedding, food, water, etc.) ,  t h e  r a d i a t i o n  source dose r a t e  i s  t h e  s i n g l e  

g r e a t e s t  obv ious  d i f f e rence .  A d d i t i o n a l  exper iments us ing  t h i s  t r a n s p l a n t a t i o n  model 

demonstrated t h a t  t h e  dose o f  i r r a d i a t i o n  i s  c r u c i a l  t o  t h e  successfu l  engraf tment  o f  

mur ine marrow g r a f t  r e c i p i e n t s  ( 2 3 ) .  Since t h e  dose r a t e  o f  t h e  c u r r e n t  source i s  so 

low, i t  takes  cons iderab ly  l onger  t o  ach ieve  l e t h a l  doses i n  t h e  range o f  900-1200 R. 

As a r e s u l t ,  t h e  number o f  exper iments a c t u a l l y  performed i s  l e s s  than t h e  number t h a t  

c o u l d  be done. 

t h i s  mouse model more comparable w i t h  t h e  o r i g i n a l  s t u d i e s  and w i t h  s t u d i e s  t h a t  use t h e  

model a t  o t h e r  i n t e n s i t i e s .  

Research Program No. 6: Dep le t ion  o f  Reserve i n  t h e  Hemopoiet ic System 

A c q u i s i t i o n  o f  a Gammacell 40 i r r a d i a t o r  would make t h e  c u r r e n t  work on 

P r o j e c t  A :  Demonstrat ion o f  t h e  L im i ted  S e l f  R e p l i c a b i l i t y  
o f  PHSC and t h e  Mechanisms o f  L i m i t a t i o n  

The E f f e c t  o f  Age D i f f e rences  Upon Splenic  Stromal 
T e l l  Repopul a t  i on 

P r o j e c t  B: 

P r i n c i p a l  I n v e s t i g a t o r :  Norman S. Wolf, D.V.M. ,  Ph.D. 

The o b j e c t i v e  o f  t h i s  program i s  t o  i d e n t i f y  t h e  p l u r i p o t e n t  hemopoiet ic stem c e l l  

(PHSC) and t o  i n v e s t i g a t e  t h e  c o n t r o l  mechanisms t h a t  govern i t s  s e l f - r e p l i c a t i o n ,  

commitment, and d i f f e r e n t i a t i o n .  This  research s c u r r e n t l y  supported by a p o r t i o n  o f  a 

program p r o j e c t  g ran t ,  AG-01751 from t h e  Nat iona 

M a r t i n ) .  

I n s t i t u t e  on Aging, N I H  (P.I., 

Two r e l a t e d  grants  have been a p p l i e d  f o r  and are  pending rev iew by t h e  NIH. 

Our more recen t  s tud ies  have focused on e s t a b l i s h i n g  t h e  l i m i t s  o f  s e l f - r e p l i c a t i o n  

f o r  t h e  t r a n s p l a n t a b l e  PHSC (TPHSC) and t h e  r e l a t i o n s h i p  o f  TPHSC m i t o t i c  c y c l i n g  t o  i t s  

d i f f e r e n t i a t i o n  ( 2 2 , 4 5 ) .  

st romal  c e l l s  t h a t  make up t h e  hemopoiet ic  microenvironment, i n  which t h e  TPHSC res ides  

( 4 2 - 4 4 , 4 6 ) .  About 95% o f  these exper iments r e q u i r e  t h e  s e r i a l  t r a n s p l a n t a t i o n  o f  mouse 

bone marrow c e l l s  (BMC) o r  o the r  hemopoiet ic t i s s u e s  i n t o  r e c i p i e n t  mice t h a t  have been 

prepared by whole body sup ra le tha l  i r r a d i a t o n .  

P r o j e c t  A 

We are  a l s o  s tudy ing  t h e  l i m i t s  o f  s e l f - r e p l i c a t i o n  by t h e  

We have demonstrated t h a t  5-6 s e r i a l  t r a n s p l a n t a t i o n s  are t h e  maximum t h a t  can be 

c a r r i e d  o u t  i n  (A X C57BL/6)F1 mice w i t h  an i n i t i a l  f i n i t e  popu la t i on  of  isogeneic  donor 
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BMC ( 4 5 ) .  

t r a n s p l a n t a t i o n  th rough t h e  use o f  var ious  agents reduces t h e i r  c a p a b i l i t y  f o r  f u t u r e  

t r a n s p l a n t a t i o n .  

We are  c u r r e n t l y  t e s t i n g  whether f o r c i n g  t h e  TPHSC t o  c y c l e  be fore  

With these and o t h e r  exper iments i n  t h i s  se r ies ,  we a re  t e s t i n g  two hypotheses: 

1) t h a t  t h e r e  a re  subpopu la t ions  o f  PHSC w i t h  va ry ing  degrees o f  d i f f e r e n t i a t i o n  and 

s e l f - r e p l i c a t i v e  p o t e n t i a l ,  and 2) t h a t  m i t o t i c  c y c l i n g ,  o r  events  i n t i m a t e l y  r e l a t e d  t o  

c y c l i n g ,  produce d i f f e r e n t i a t i o n  and exhaust ion o f  t h e  TPHSC. 

P r o j e c t  B 

We have determined t h a t  mouse spleens t h a t  have been t r a n s p l a n t e d  o r  had t h e i r  b lood 

vessels  l i g a t e d  -- i n  s i t u  undergo a massive i n f a r c t i o n  f o l l o w e d  by a r a p i d  c e l l u l a r  regen- 

e r a t i o n  o f  a l l  i n t e r n a l  s t romal  s t r u c t u r e s  (42,43). Th is  s t romal  regenera t ion  i s  i n d i -  

genous t o  t h e  spleens and de r i ves  from t h e i r  p e r i p h e r a l  l a y e r  o f  s t romal  c e l l s ,  which 

s u r v i v e  t h e  i n f a r c t i v e  anoxia.  The q u a l i t y  o f  t h e  regenera t i ng  t i s s u e ,  however, i s  age 

dependent; i n  young a d u l t  mice t h e r e  i s  a n e a r l y  p e r f e c t  regenera t i on  o f  stromal a r c h i -  

t e c t u r e ,  which suppor ts  TPHSC d i f f e r e n t i a t i o n ,  b u t  i n  o l d  mice, s c a r - l i k e  connect ive 

t i s s u e  forms, and t h e r e  i s  a l o s s  o f  hemopoiet ic f u n c t i o n  (44,46). 

mentat ion we w i l l  t e s t  whether o l d e r  mice have 1) l e s s  s u r v i v i n g  s t romal  c e l l s  f o l l o w i n g  

t h e  i n f a r c t i v e  event,  2) t h e  regenera t ion  o f  these s t romal  c e l l s  takes p lace  more 

s low ly ,  o r  3) key s t romal  p r o g e n i t o r  c e l l s  a re  i n s u f f i c i e n t  i n  number o r  f a i l  a f t e r  a 

few c e l l  d i v i s i o n s .  These experiments, l i k e  those descr ibed p rev ious  y, a l l  r e q u i r e  

whole body i r r a d i a t i o n  o f  r e l a t i v e l y  l a r g e  numbers o f  mice (30-90 per  exper iment) .  

I n  f u t u r e  exper i -  

Our exper iments r e q u i r e  t h a t  we expose each group o f  mice 22-26 m nutes a t  a d e l i v e r y  

r a t e  o f  46-50 R/minute. 

because on ly  by us ing  a l o n g  source- to - ta rge t  d i s tance  i s  i t  p o s s i b l e  t o  achieve a 

r e l a t i v e l y  uniform dose r a t e  over  t h e  exposure f i e l d .  

c e r t a i n ,  b u t  unquan t i f i ed ,  amount o f  E l k i n d  recovery o f  t h e  PHSC d u r i n g  t h e  i r r a d i a t i o n  

per iod ,  c o n t r i b u t i n g  t o  t h e  s u r v i v a l  o f  a few r e c i p i e n t  o r i g i n  PHSC t h a t  r e - e s t a b l i s h  

themselves i n  some t r a n s p l a n t  r e c i p i e n t s .  

t o  i r r a d i t e  80 o r  90 mice  i n  groups o f  12 each a t  t h i s  exposure r a t e .  

The low exposure r a t e  i s  necessary w i t h  t h i s  Cs-137 i r r a d i a t o r  

Th is  exposure t i m e  a l lows f o r  a 

It a l s o  takes  a cons ide rab le  amount o f  t i m e  

The Gamnacell 40 
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i r r a d i a t o r  requested i n  t h i s  g r a n t  a p p l i c a t i o n  would remedy these  d i f f i c u l t i e s ,  as w e l l  

as s o l v e  t h e  o t h e r  problems mentioned above. 

Research Program No. 7:  

P r i n c i  D a l  I n v e s t i a a t o r :  

F i d e l i t y  o f  DNA R e p l i c a t i o n  

P r o j e c t  A :  Mutagenic Consequences of DNA Damage 

P r o j e c t  B: DNA R e p l i c a t i o n  i n  X - i r r a d i a t e d  Human 
1 vmD hoc v t es  

Lawrence A. Loeb, M.D., Ph.D. 

Co- inves t i ga to rs :  P h i l i p  L i n ,  Ph.D. 
B rad fo rd  Preston, Ph.D. 

The emphasis o f  research i n  t h i s  l a b o r a t o r y  i s  on mechanisms t h a t  guarantee t h e  

f a i t h f u l  copying o f  DNA d u r i n g  c e l l  d i v i s i o n ,  and d e f i c i t s  i n  these mechanisms t h a t  may 

l e a d  t o  mutagenesis and malignancy. 

Department o f  Energy (P.I. Loeb) and s e v e r a l  g ran ts  from N I H .  

P r o j e c t  A 

The s t u d i e s  a re  supported by a c o n t r a c t  from t h e  

I n  o rder  t o  understand t h e  f i d e l i t y  o f  DNA r e p l i c a t i o n ,  we a r e  r e c o n s t r u c t i n g  - i n  

v i t r o  systems t h a t  copy DNA w i t h  an accuracy s i m i l a r  t o  t h a t  achieved i n  c e l l s .  I n  these 

s tud ies ,  we have used mutant s i n g l e - s t r a n d e d  rOX174 DNA a s  a templa te ,  and measured t h e  

frequency w i t h  which t h e  cop ied  DNA i s  r e v e r t e d  t o  w i l d  t y p e  DNA (40 ) .  The f a c t  t h a t  

r e v e r s i o n  t o  w i l d  t ype  represents  s ing le -base  s u b s t i t u t i o n s  has been v e r i f i e d  by 

de te rm in ing  t h e  n u c l e o t i d e  sequence of t h e  produc t  o f  t h e  r e a c t i o n  ( 1 4 ) .  

r a t e s  o f  e u c a r y o t i c  DNA polymerases i n  copy ing  OX174 DNA templates v a r y  f rom 1 i n  3,000 

t o  1 i n  30,000 (15). 

s i m i l a r  t o  t h a t  -- i n  v ivo ,  as low as 1 i n  lo7. 

f a c t o r s  t h a t  a l t e r  t h e  accuracy of DNA syn thes is .  

i n t e r e s t e d  i n  s tudy ing  t h e  e f f e c t  of x - i r r a d i a t i o n  on DNA templa tes  and on DNA 

polymerases, themselves. Since f i d e l i t y  measurements a re  c a r r i e d  o u t  i n  v i t r o ,  a l l  

components being def ined, i t  shou ld  be p o s s i b l e  t o  determine what chemical a l t e r a t i o n s  

induced by x-rays a r e  p o t e n t i a l l y  mutagenic. 

P r o j e c t  B 

The e r r o r  

With p r o c a r y o t i c  systems, t h e  accuracy achieved i n  v i t r o  i s  -- 
Using t h i s  system, we have ex-amined 

With respec t  t o  t h i s  g ran t ,  we a re  

-- 

I n  our  s t u d i e s  w i t h  p u r i f i e d  DNA polymerases, we have observed t h a t  DNA 



polymerase-8, t h e  enzyme presumed t o  be i n v o l v e d  i n  DNA repa r, i s  thermosens i t i ve  ( 4 ) .  

We now d e s i r e  t o  determine i f  t h i s  t h e r r n o s e n s i t i v i t y  r e s u l t s  i n  d imin ished DNA r e p a i r .  

I f  so, t h i s  t h e r m o s e n s i t i v i t y  migh t  be r e l e v a n t  t o  t h e  h y p e r s e n s i t i v i t y  o f  mal ignant  

c e l l s  t o  e leva ted  temperature (1). 

s i n g l e - s t r a n d  r e j o i n i n g  a f t e r  exposing human lymphocytes t o  x - i r r a d i a t i o n  (1). 

determine t h e  e f f e c t  o f  e leva ted  temperature on t h e  r a t e s  of  s ing le -s t rand  r e j o i n i n g  

u s i n g  human lymphocytes. 

We have developed assays f o r  measuring t h e  r a t e  o f  

We w i l l  

The above p r o j e c t s  r e q u i r e  t h e  use o f  x - i r r a d i a t i o n  t o  DNA and c e l l s  i n  c u l t u r e .  

The e x i s t i n g  f a c i l i t i e s  f o r  i r r a d i a t i n g  c e l l s  have been inadequate. This  inadequacy i s  

most p o i n t e d l y  demonstrated by t h e  d i f f i c u l t i e s  encountered i n  schedul ing t h e  

compl ica ted  p ro toco l - t ype  s t u d i e s  c a r r i e d  o u t  wi th  human lymphocytes i n  cu l tu re .  Also, 

t h e  Bio-dose r a t e  o f  t h e  c u r r e n t  ins t rument  r e q u i r e s  pro longed exposure, a l l o w i n g  r e p a i r  

o f  DNA damage p r i o r  t o  ana lys i s .  

i r r a d i a t o r  i s  l i m i t e d ,  i t  i s  t h e  key f o r  p a r t i c u l a r  exper iments.  

Even though our  proposed use o f  t h e  Gammacell 40 
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Summary of Major Accomplishments 

Some accomplishments o f  DOE-sponsored research  i n  t h e  Department o f  B i o l o g i c a l  

S t r u c t u r e  have a l r e a d y  been descr ibed i n  t h e  f i r s t  s e c t i o n  o f  t h i s  n a r r a t i v e .  Whereas 

e a r l i e r  s t u d i e s  sponsored by DOE have d e f i n e d  t h e  r a t e s  o f  lymphocyte p roduc t ion ,  

lymphocyte l i f e  span and pathways o f  lymphocyte m i g r a t i o n  and c i r c u l a t i o n ,  more recent  

work has concen t ra ted  on how lymphocytes and o t h e r  bone marrow-derived c e l l s  p a r t i c i p a t e  

i n c e l l  u l  a r  defense mechani sms agai n s t  cancer. 

and o t h e r  agents a r e  known t o  be ca rc inogen ic  and many have, i n  a d d i t i o n ,  d e l e t e r i o u s  

A1 though many energy-re1 a t e d  chemical s 

e f f e c t s  on t h e  hemopo ie t i c  and immune system, ou r  programs have n o t  concerned 

themselves w i t h  t h e  i n v e s t i g a t i o n  o f  any o f  such agents i n  p a r t i c u l a r .  Rather, our 

o b j e c t i v e  has been t o  e l u c i d a t e  c e l l u l a r  mechanisms o f  t h e  hos t  t h a t  can p a r t i c i p a t e  i n  

t h e  r e c o g n i t i o n  and e l i m i n a t i o n  o f  c e l l s  t h a t  have been transformed by chemical agents 

o r  by neoplasia.  I n  t h i s  approach we seek t o  understand t h e  c o n t r o l  mechanisms t h a t  

govern c e l l  p r o d u c t i o n ,  d i f f e r e n t i a t i o n  and c o l l a b o r a t i o n  i n  a complex system. 

Our n o t a b l e  achievements a re :  

1. We have d i scove red  a c e l l  p o p u l a t i o n  i n  t h e  bone marrow which g r e a t l y  enhances 

t h e  tumor n e u t r a l i z a t i o n  p o t e n t i a l  o f  tumor a n t i g e n - s p e c i f i c  T lymphocytes. These bone 

marrow-der ived c e l l s  a r e  l i k e l y  t o  p l a y  a r o l e  i n  such phenomena as t h e  spontaneous 

r e g r e s s i o n  o f  tumors and t h e  e l i m i n a t i o n  o f  tumor c e l l s  t h a t  seed th rough t h e  blood 

stream o r  l ympha t i cs ,  p r e v e n t i n g  t h e  cancer c e l l s  f rom e x h i b i t i n g  themselves as 

metastases. 

2. Our group was among t h e  f i r s t  t o  show t h a t  n a t u r a l  k i l l e r  c e l l s  have an important 

r o l e  t o  p l a y  i n  t h e  r e g u l a t i o n  of tumor growth -- i n  v i v o  by demonstrat ing t h a t  n a t u r a l  

k i l l e r  c e l l s  p a r t i c i p a t e  i n  t h e  e l i m i n a t i o n  o f  melanoma metastases -- i n  v ivo .  

3 .  We have developed a n t i s e r a  t h a t  p e r m i t  t h e  i d e n t i f i c a t i o n  o f  NK c e l l s  and t h e  

assay t h e i r  f u n c t i o n  b o t h  -- i n  v i v o  and -- i n  v i t r o .  These reagents have been made a v a i l a b l e  

t o  i n v e s t i g a t o r s  i n  t h i s  coun t ry  and abroad. 

4. We have demonstrated t h a t  c e r t a i n  tumors can e x e r t  a profound i n f l u e n c e  on t h e  

p a t t e r n  o f  hemopoiesis, shut o f f  t h e  p r o d u c t i o n  o f  lymphocytes i n  t h e  bone marrow and 
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t h e  thymus and g r e a t l y  p e r t u r b  bone metabolism. 

developed i s  t h e  bes t  model f o r  i n v e s t i g a t i n g  t h e  modulatory i n f l u e n c e s  o f  tumors on 

hemopoiesis and immune responses. 

The exper imental  system we have 

5. We have developed -- i n  v i t r o  systems t h a t  pe rm i t  t he  study o f  T lymphocyte 

d i f f e r e n t i a t i o n  modulated by I a  exp ress ion  on thymic e p i t h e l i a l  c e l l s  and a l s o  by bone 

marrow-der i  ved c e l l  s i n c o l  on i  es grown i n  semi so l  i d  media. 

6. We have e s t a b l i s h e d  an exper imenta l  bone marrow t r a n s p l a n t a t i o n  model i n  mice 

t h a t  i s  i d e a l  f o r  s tudy ing  t h e  c e l l u l a r  mechanisms o f  g ra f t - ve rsus -hos t  disease and 

r e l a t e d  immunodeficiency syndromes because t h e  model d u p l i c a t e s  t h e  m a n i f e s t a t i o n s  o f  the  

human disease. The model i s  based on minor h i s t o c o m p a t i b i l i t y  a n t i g e n i c  d i f f e r e n c e s .  

7. Our s t u d i e s  have c o n t r i b u t e d  t o  t h e  understanding o f  t h e  f a c t o r s  t h a t  may 

i n f l u e n c e  t h e  s e l f - r e p l i c a t i n g  a b i l i t y  o f  p l u r i p o t e n t  hemopoiet ic stem c e l l s  and t h e  

hemopo ie t i c  microenvironment t h a t  p e r m i t s  stem c e l l  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n .  

8 .  We have developed -- i n  v i t r o  systems f o r  s tudy ing  t h e  f i d e l i t y  o f  DNA r e p l i c a t i o n  

and i t s  p e r t u r b a t i o n  by v a r i o u s  agents. 

O u a l i f i c a t i o n s  o f  t h e  F a c u l t y  

The one page resum6s f o r  members o f  t h e  s c i e n t i f i c  s t a f f  mentioned i n  t h i s  

a p p l i c a t i o n  a r e  presented i n  Attachment 1. Four o f  these i n v e s t i g a t o r s  a re  a t  t h e  

A s s i s t a n t  P r o f e s s o r i a l  rank, two a t  t h e  Associate P r o f e s s o r i a l  rank and two a r e  

Pro fessors .  Each o f  these i n v e s t i g a t o r s  i s  a P I  o f  a t  l e a s t  one peer-reviewed N I H  g ran t  

and severa l  h o l d  more than f e d e r a l l y  supported research gran ts  o r  con t rac ts .  

A l l  members o f  t h e  s c i e n t i f i c  s t a f f  mentioned i n  t h i s  a p p l i c a t i o n  have conducted 

exper iments  u s i n g  t h e  c u r r e n t l y  a v a i l a b l e  CS-137 i r r a d i a t o r ,  and some o f  them have used 

t h e  Gammacell-40 a t  o t h e r  i n s t i t u t i o n s .  Work descr ibed i n  t h i s  a p p l i c a t i o n  does no t  

i n t r o d u c e  new technology o r  methodology i n t o  t h e  programs o f  t h e  i n v e s t i g a t o r s .  

I n s t i t u t i o n a l  Cost Shar ing 

There a r e  two elements w i t h  respec t  t o  i n s t i t u t i o n a l  c o s t  shar ing :  

1. The School o f  Medicine, U n i v e r s i t y  o f  Washington has p rov ided  t h e  matching funds 

f o r  t h e  N C I  c o n s t r u c t i o n  g r a n t  t h a t  r e b u i l t  t h e  l abo ra to ry  which accommodates t h e  



DOE-supported research program i n  B i o l o g i c a l  S t ruc tu re .  

1 abo ra to ry  complex i n  February, 1984. 

We moved i n t o  our  new 

2. The U n i v e r s i t y  o f  Washington w i l l  commit funds t o  p rov ide  20% o f  t h e  c o s t  o f  t h e  

equipment. 

meet c o n s t r u c t i o n  cos ts  f o r  accommodating t h e  i r r a d i a t o r .  The i r r a d i a t o r  weighs severa l  

tons ,  r e q u i r i n g  t h e  c o n s t r u c t i o n  o f  f l o o r  re - in fo rcement  and weight d i s t r i b u t i o n  devices 

i n  t h e  room t h a t  i s  t o  accommodate t h e  i r r a d i a t o r  on t h e  2nd f l o o r .  

i n s t a l l a t i o n  o f  t he  i r r a d i a t o r  w i l l  r e q u i r e  t h e  removal o f  two doors w i t h  segments o f  

t h e  sur round ing  w a l l  so t h a t  t h e  equipment can be moved i n t o  i t s  permanent housing. The 

w a l l s  and t h e  doors w i l l  have t o  be b u i l t  back i n t o  t h e i r  o r i g i n a l  p o s i t i o n .  

I n s t i t u t i o n a l  Experience w i t h  Major Research Equipment 

Most o f  t h e  funds prov ided by t h e  Un ivers i t , y  a re  requ i red  t o  

I n  a d d i t i o n ,  

~- ~ ~ ~~ ~~ ~ 

Our e l e c t r o n  microscopes p rov ide  t h e  bes t  example o f  major research equipment t h a t  

i s  used by severa l  programs i n  t h e  Department o f  B i o l o g i c a l  S t ruc ture .  A newly 

c o n s t r u c t e d  e l e c t r o n  microscope s u i t e  houses t h e  f o l l o w i n g  e l e c t r o n  microscopes which 

se rve  departmental  and some a f f i l i a t e d  programs: 

ETEC SEM, and P h i l i p s  420 S(TEM). 

P h i l i p s  201 TEM, P h i l i p s  300 TEM, 

The P h i l i p s  420 S(TEM) has t h e  c a p a b i l i t y  f o r  q u a n t i t a t i v e  and a n a l y t i c a l  

microscopy. It was purchased i n  1983 by i n v e s t i g a t o r s  i n  B i o l o g i c a l  S t r u c t u r e  on a BRSG 

shared ins t rumen ta t i on  gran t  awarded by NIH. I n  a d d i t i o n ,  the  Department has a Balzers 

301 f r e e z e - f r a c t u r e  u n i t  and o the r  major p ieces o f  equipment (u l t ramicrotomes,  

u l t r a c e n t r i f u g e s ,  computing spectrophotometers, gamma and beta counters,  etc.)  which are 

ma in ta ined  i n  departmental  equipment rooms f o r  shared use by departmental programs. A l l  

t h i s  equipment i s  a v a i l a b l e  t o  and i s  e x t e n s i v e l y  used by our pos tdoc tora l  f e l l o w s  and 

graduate  s tudents  who a re  a c t i v e  p a r t i c i p a n t s  i n  departmental research programs. The 

equipment i s  ma in ta ined by se rv i ce  c o n t r a c t s  t h e  c o s t  o f  which i s  shared by t h e  

p r i  n c i  p a l  users.  

Maintenance 

The Gammacell 40 w i l l  be i n s t a l l e d  i n  Room H-225 i n  t h e  Department o f  B i o l o g i c a  

Th is  room i s  ad jacent  t o  a newly cons t ruc ted  Vivarium and i s  convenient  S t r u c t u r e .  
t 0 1 8 5 b 0  
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ATTACHMENT 1 

FACULTY RESUMiS 

P r i n c i p a l  I n v e s t i g a t o r :  Corne l ius  Rosse, M.D., D.Sc. 
Pro fessor  and Chairman 

Co- Inves t i ga to rs :  L.M. Ching, Ph.D. 
Research A s s i s t a n t  Professor 

A.G. Far r ,  Ph.D. 
A s s i s t a n t  Professor  

B.L. Hamil ton,  M.D., Ph.D. 
Ass i s tan  t Professor  

M.Y. Lee, M.D. 
Research A s s i s t a n t  Professor 

L.A. Loeb, M.D., Ph.D. 
Pro fessor  

S.B. Po l lack ,  Ph.D. 
Research Associate Pro fessor  

N.S. Wolf, D.V.M., Ph.D. 
Associate Professor  
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SPECIFICATION NO 830379 Atomic Energy 
of Canada Limited 
Industrial Pmducts 

Gammacell 40 
Low Dose Rate Laboratory Irradiator 

A. GENERAL 
A.l The Galnmacell40 is a fully self-contained 
research irradiator designed to provide uniform 
gamma irradiation of small animals and bio- 
logical samples. No additional shielding require- 
ments are necessary to safely operate the unit. A 
Cesium-137 double-encapsulated source is 
housed in each of two round sliding drawers, one 
above and one below the sample cavity. The 
shielding design ensures that external radiation 
fields wil l not exceed levels established by the 
International Commission on Radiological Pro- 
tection (Publication No 15) and the United States 
National Commission on Radiation Protection 
and Measurements. 
A.2 Radiation Speclflcations 
Source Capsules:- 2-Model C161 Type8 doubly 
encapsulated Cesium 137 sources, - 1800 Ci each +, 15% 

Unit Capacity:- 4,000 Ci Cesium 137 
Central Dose Rate:- 7,900 rad/h or 132 rad/min 

Uniformity.- over 305 cm (120 in) diameter 
x 102 cm ( 4 0  in) high volume centred in the 
sample cavity, the dose rate ratio in, air is 
approximately 1: 1.08 (approximately +, 5%). 
Typical isodose curves are shown on page 3. 

A.3 Licensing 
When applying for the Radioactive Materials 
License. customer should apply for 4000 curies, 
(the capacity of the unit) to allow for the +- 15Oh 
source loading tolerance. 

B. COMPONENT PARTS 
6.1 Radiation Shleld 
The radiation shield consists of steel-encased 
lead components arranged to completely sur- 
round the Cesium sources and sample cavity 
The sources are housed in horizontally aligned. 
round, sliding drawers located above and below 
the sample cavity. The shield is designed for a 
nominal Cesium-137 capacity of 4,000 curies. 
8.2 Sample Cavlty 
Dimensions of the irradiation sample cavity with a 
cylindrical ring fitted are:- 

12 4 cm (4 9 in) 

Z 15't0 

Depth:- 
Diameter:- 33 1 cm (13 0 in) 
Volume:- 10.60 cm3 (646 in') 

- 
b... . =-- .*-. 

The cylindrical ring, open at both top and bottom 
ends, fits within the cavity. The ring is mounted to 
the hinged sample cavity door. Access to the 
samples, when the door is opened, can be 
achieved without reaching into the irradiation 
cavity. 
A plastic sample tray with lid and support for use 
in the sample cavity i s  provided with the unit. The 
internal dimensions of the tray are 30.5 cm (12 in) 
diameter by 10.5 cm (4.13 in) deep. The sample 
tray has ventilation holes in its side which align 
with ventilation ports through the main shield 
8.3 Access lubes 
Three stainless steel access tubes 0.95 cm (0.375 
in) inside diameter leading into the sample cavity 
are provided. Two of the tubes pass through the 
chamber door, the third tube passes through the 
fixed shield. 
8.4 Source Drawer8 
The source drawers consist of round brass- 
encased, lead-filled, horizontal cylinders, 6.35 cm 
(2.5 in) diameter and 40.64 cm (16.0 in) long The 
drawers are moved between the"Source On" and 
"Source Off" positions by means of pneumatic 
cylinders. Each drawer travels a total horizontal 
distance of 21 3 2  cm (8.0 in) in an elapsed time of 
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less than 2 seconds. The timer starts when the 
drawers reach the "Source On" position. 
6.5 Air Compressor 
An air compressor, complete with reservoir tank. 
provides air for both drawer movement and 
sample cavity ventilation. Theair system includes 
provision for supplying filtered, oil-free air to the 
sample cavity, and also for lubrication of the 
source-drawer cylinders. The compressor is 
driven by a lh H.P. motor. (See Section E for 
power requirements. 
8.6 Maln Frame and Enclosure 
The lower portion of the unit is enclosed in a 
sheet steel housing. The radiation shield is 
mounted on a steel frame with askid-type base to 
facilitate easy movement during installation of 
the irradiator. 

C. CONTROLS & SAFETY 

C.l 
of the irradiator, has the following controls:- 

FEATURES 
The control panel, located across the front 

Key Operated Master Switch - controls 
power to the control panel and irradiator. 
"ManuaVAuto" Mode Selector - a split lens 
illuminated push-button switch. The upper 
half, for manual operation (without timer), 
illuminates white when the unit is in that 
mode. The lower half, for automatic opera- 
tion (with timer), illuminates blue when the 
unit is in that mode. The alternate mode is 
selected by pushing the button. 
Digital Timer - a five-digit readout timer; 
each digit is set by depressing a button 
mounted below the window. Readout range - 0.1 to 9999.9 minutes (0.6 seconds to 166.6 
hours). Timer accuracy is determined by the 
electrical supply and is comparable to the 
accuracy of an electrical clock. 
"Source On" - an illuminated push-button 
switch. controlling the movement of the 
source drawers to the irradiate position: 
illuminates red when sources are in their 
irradiate positions. 
"Source 011" - an illuminated push-button 
switch. with a 2-section split lens, to control 
movement ot the source drawer to tne stored 
position. Upper and lower sections illu- 
minate green when respective sources are in 
their stored positions. 
"Low Air/Tlmer On'* - a split lens, press- 
to-test type indicator lamp. The upper halt 
illuminates red to indicate that air supply 
pressure has dropped below that required for 
reliable operation of the unit. The lower half 
illuminates to indicate timer on. 
"Chamber Air"- an illuminated push-button 
switch to control the supply of forced air lo 
the sample Cavity, illuminates white when 
ventilation air supply is on 

C.2 Compressed Air Supply Conlrolr 
These Controls are located beneath the sheet 
metal enclosure Adjustment is not required for 
normal operation of the unit 

C.3 Safety Feature8 
Electrical and mechanical interlocks are 
provided so that the sample cavity may be 
swung out for loading or unloading only 
when both source drawers are in the fully 
shielded position. 
The source drawers are electrically and 
mechanically interlocked so that they cannot 
be moved from the safe position until the 
sample cavity door is closed. 
The operator is not required to reach into 
the irradiation cavity to load or unload 
samples. 
In the event of power failure or loss of air 
pressure, the source drawers move auto- 
matically to the fully shielded position and 
irradiation of samples is terminated until 
restarted by the operator. The sample cavity 
door cannot be opened for removal of 
samples while the power is off. 

D. WEIGHTS AND DIMENSIONS 
Tot a I 'Nei g h t : - 
Floor Loading:- 2,530 kg/mz 

Projected Floor 
Area:- 1.13 mz(12.21 112) 

Overall Width:- 
Length:- 122.8 cm (48.4 in) 
Height:- 146.5 cm (57.7 in) 
Skid Clearances (clear cavity for lift truck): 
Width:- 79.7 cm (31.4 in) 
Length:- 121.9 cm (48.0 in) 
Height:- 17.8 cm (7.0 in) 
Color of Unit:- 

2.858 kg 
(6,300 Ib) 

(518 Ib/ftz) 

92.4 cm (36.4 in) 

Seafoam Green with 
black control panel and 
kick panel. 

E. ELECTRICAL POWER 
REQUIREMENTS 

a) Standard Unit 
This unit requires a power supply of 110/120 V. 60 
Hz, single phase, 2 kVA. Fusing and wiring must 
be adequate for a % HP motor load The circuit 
used to power the unit must have sufficient 
capacity to prevent release of relays in the unit 
caused by voltage drop when the compressor 
motor starts. An 0N:OFF circuit switch in the 
immediate vicinity of the unit is recommended. 
b) Optional Power Supply 
The unit can be supplied to operate on 220/230 V,  
50 Hz, single phase power supply This option, i f  
required, must be specified at the time of 
ordering. 
NOTE: The type of power supply available (50Ht 
or 60 Hr) is to be specified at the time of ordering 
c) Power Cable 
Where local electricdl iodes permit the unit may 
be plugged into a sulidble wall receptacle A 3m 
(10 1 1 )  power Cable with a three-prong plug is 
provided for this purpose 
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F. SHIPPING 
The Gammacell 40, complete with Cesium-137 
sources, is shipped without additional radiation 
shielding. Its design, construction and packaging 
comply with the Canadian and U.S.A. regulations 
covering transportation of radioactive materials. 
Shipping weight and dimensions are as follows: 
Crated Gammacell 40: 
Length: 213 cm (84 in) 
Width: 122 cm (48 in) 
Height: 173 cm (68 in) 
Gross Weight: 3085 Kg (6,600 Ib) 

G. CERTIFICATION 81 
DOCUMENTATION 

G.l The dose rate at mid-point of the sample 
cavity is measured by ferrous chemical dosimetry 
to an accuracy of +, 3.5Oh. A Certificate of 
Calibration is supplied with each unit. 
The Cesium source capsules are individually 
tested for leakage and contamination. A certi- 
ficate describing the tests performed is supplied 
with each unit. 
G.2 Current methods of Cesium-137 encapsula- 
tion do not permit a guarantee on the actual 
activity that will beshipped. I! isanticipated that it 
wi l l  be within +, 15% of the nominal unit capacity 
stated in paragraph A.2 on Page 1. 
G.3 A typical isodose pattern is shown below. 
Isodose measurements are not carried out on 
each individual unit. Numbers shown represent 
percentage of measured central dose rate. 

DOSE DISTRIBUTION IN IRRADIATION CHAMBER 

H. ACCESSORIES 
H.l Colllmstor (J10-059) 
Tne collimator will permit partial irradiation of. 
samples. Upper and lower lead shields reduce the 
central dose rate by approximately 95%. Six holes 
of 3 cm diameter are arranged in each shield to 
allow unattenuated beams of radiation from 
upper and lower sources to coincide at six points 
in the chamber 
H.2 
Wlth a set o! dttentdors the cantrdl dose rate can 

The set Consists of stt?el-ledd Idmindtad disks 
sepcrrdtrd by 3 posts 
H.3 

Altenualotr (ret of 3) (J10-025) 

be ~ t . d ~ C : a d  Dy 23'~ 5090 Or 75Y0 

Exlra Sample Drawer Trdy (J10-065) 

NOTE: RE WALL CLEARANCES: 

Facing front of unit allow 6' between rear of unit 
and wall, 24" between right hand side of unit and 
wall, and 30" between left hand side of unit and 
wall to  allow for servicing the unit and to allow the 
door to  swing fully open. 

OAMMACILL 40 
SAMPLE CAVITY COLLIMATOR *r & I  \ 

I 

DIMENYONS S n W  IN PARENTI(ES1S ARE CENTlMElIES 

BRASS INSCRTS 

4 SEMISIACLE 

LEA0 PIECES 

ALIGNMENT PINS -- 

S u m 7  PINS 

ALUMINUM - -  

TRANSMISSION l*ROUtI(  In€ u NOTE 

COLLIMATOR IS APPROXIUATLLY S b  

QAMMACLLL 40 
SAMPLE CAVITY ATTENUATORS 

IS€? OF THROE) /-I 



GENERAL DIMENSION LAYOUT 

I MECHANICAL INTERLOCK IUPPERl 
I ATTENUATOR (UPPER1 
3 SAMPLE CAVITV 

130 IN 133 0 CM) DIA rn 4 87 IN (12 37 CM, DEE1 
4 SAMPLE DRAWER TRAV (ABS h A S T l c l  

6 MECHANICAL INTERLOCK ILOWERI 
I SOURCE ON POSITION 

0 SOURCE OCF POSITION 

5 ATTENUATOR (LowEnI  

8 SOURCE DRAWER CVLINDER IUPPEa, 

CONTROL PANEL 

10 SOUACE DRAWER CYLINDER IcOWERI 

11 POWER CABLE . 10 FT i3M1 
I5 SAMPLE CHAMBER CAVITV RING 

0 I 1  CONTROL PANEL 

7 a ihr 3 vhC n I O  IN 12 54CMt 
TAPPED nOiEO (31 

3 
@, 16 AIR COMPRESSOR & STORAGE TANU * I T -  

10 PRESSURE SENSING SWilCH 
20 AIR PRESSURE REGULATOR AND GUAGE 

24 SOURCE OF6 PuSMBUTTO~ 5WlTC- 

9c) i t  [),hlth>tdh? ik t ) H A C A L I S  *RE rRoN’ SIDE 2) TIMER ON LOW AIR INDICATOR LAMP 
C L h l i M f T E h S  _ _  

CAESIUM 137 CAPSULE ASSEMBLY 

STANDARD SIZES 
lor L l  L2 

,- A i  

- -. 

1 

z 

t 

$ IS ..I 9 
1 

1 

& Atomic Energy of Canada Limited Indistrial Products 
P 0 Bak 6300. Ottawa, Canada, K2A 3W3 

Trl (b13) 592-2790 Cable Nemota Telex 053-4162 - _. - Pr.ni.J I( La ,  .J. 
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- LIS' OF f N M E L L - 4 0  

University of Pennsylvania School of Medicine, PHILADELPHIA 
St. Elizabeth Hospital Medical Center, BRIWKN, MassadPvetts 
Scripps Clinic & Research Famdatian, LA J U ,  California 
Wversity of Texas S.W. Medical School, DALLAS, Texas 
Massachusetts General Hospital, BOSKN, Massachusetts 

, Ualter Reed Army Medical Center, kIAsHIM;IpI, D.C. 
, Veterans Administration Hospital, SI'. lAlIS, Missouri 
, Sloan-Kettering Institute, KYE, New York 

University of Connecticut School of Medicine, FAMNGKN 
, Harvard University Shields Warner Radiatiar Lab, BosroN 
. Mt. Sinai Medical Center, MzLkt9uKEE, Wisconsin 

Boston University Medical Centre ,  BOSMN, Massachusetts 
, Baltimore City Hospital Oncology Center, BALTIM(IRE, Maryland 
, Duke University, WRkUM, North Carolina 
, M.I.T. WWUDGE, Massachusetts 
, Rush Presbyterian - St. Lukes Medical Center, (MCAGO, Illinois 
. Health Research In., Rosuell Park Division, BUFFALO 
, Bollweevil Research Laboratories, MISSISSIPPI 
. East Camlina University Medical School, GREENVIUE, N.C. 
, Schering Corporaticm, BLOCMFIELD, New Jersey 
. Sidney Farber Cancer Institute, ROST'UV, Massachusetts 
, John Hopkins Hospital, BALTlMQwE, Maryland 
. Wprougfis Wellcane Co., Research Triangle Park, NcR?H CAROLINA 
. Northwestern University, Medical Micm Inmunology Ikpt., CHICAGO, Illinois 
. Natianal Jewish Hospital, DElNVFlR, Colorado 
. Mer& 4 Canpany, RAHWAY, New Jersey 
. Albert Einstein College of Medicine, BRCBK, New York 
. U.S. Army Medical Materiel Agency, F@RT D € N C K ,  Maryland 
. Natimal Cancer Institute, BEIHESIA, Maryland 
. Harvard Medical SI-hOol, BosroN, Massachusetts 
. University of Florida, Pathology Dept. J.H.M.H.C., I .  GAINESVILLE, Florida 
. State University of New York at Stoneybrook, SUEYBROOK, New York 
. University of North Carolina Medical School, CHAPEL HILL, N.C. 
. Wayne State University School of Medicine, DEl'ROIT, Michigan 
. Natianal Institutes of Health, N. I .A.I .D., BEIESTM, Maryland 
. Jewish Hospital of S t .  h i s ,  ST. W I S ,  Missouri 
. National Institutes of Health, N . C . I . ,  B€ll-ERA, Maryland 
. U d A ,  IDSAM;ELEs, California 

IN "IE U.S. - 1982 January 29 
- 
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pmory university, Microbiology Depa-t, ATLANIlA, (;eorgia 
National Institutes of Health, B€IHESDA, Maryland 
ColtPnbia U n i v x s i t y  Cancer Center, NEW YORK, New YO* 
Bristol Laboratories, EAST syRA(3uSE, NaJ York 

E.I. kpont de Nemxlrs and Capany, WIlMTpllEGMN, Delaware 
Uniformed Services lhiversity of the Health Sciences, BFIHESSA, Maryland 
Quidel Inc., La Jolla, California 
Smith, Kline and French Laboratories, Philadelphia, Pennsylvania 
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I NT E R D E PART M E N TA L Eriv IRotitiENTAL HEALTH AND SAFETY 
Rad ia t ion  Safety  O f f i c e  GG-10 

October 3, 1983 

TO: D r .  Cornel ius Rosse 
B i o l o g i c a l  S t ruc ture  

FROM: Michael J. O'Brien 
Rad ia t i on  Safety O f f i c e r  G$-10- 

SUBJECT: Sealed Sources 

As requested i n  your  c a l l ,  a t tached i s  a l i s t  o f  sealed sources s i m i l a r  
t o  the Gamnacell 40. We have inc luded i d e n t i f i c a t i o n  numbers, a c t i v e  
o r  energy, dose r a t e  and an es t imat ion  o f  the  i r r a d i a t i o n  volume. 

e r  
Enc 1 os u re  
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I I\ITERDEPARTM ENTAL ENVIRONMENTAL HEALTH AND SAFETY 
Radiat ion Safety  O f f i c e  GG-10 

October 3, 1983 

TO: Cornel ius Rosse, M.D., D.Sc. 
Professor and Chairman 
Department o f  B i o l o g i c a l  S t ruc tu re  SM-20 

Rad ia t ion  Safety O f f i c e r  
FROM: Michael J .  O'Br ien  

Radiat ion Safety O f f i c e  GG-10' 

Any use o f  a sealed source a t  t h e  U n i v e r s i t y  must be author ized by 
Radiat ion Safe ly .  Th is  should be a s imple admin i s t ra t i ve  a c t i o n  f o r  
t he  Gamnacell 40. We w i l l  i nspec t  t he  f a c i l i t y  and make sure the  personnel 
us ing i t  are q u a l i f i e d .  The system w i l l  be placed i n  an i nven to ry  and 
leak t e s t  survey program which meets the  requirements o f  our  Washington 
Sta te  l icense.  Th is  i s  n o t  a p roper t y  c o n t r o l  inventory  program. 
Maintenance o f  mechanical systems w i  11 be your  responsi b i  1 i ty. To our 
knowledge, a s i m i l a r  inst rument  i s  n o t  a v a i l a b l e  i n  t h i s  area. 

e r  
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APPENDIX I 1  

Graduate Students B e n e f i t i n g  f rom DOE-Sponsored 

Research in t h e  

Department o f  B i o l o g i c a l  S t r u c t u r e  
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8. Gong, Daniel M.S. 
Thesis Supervisor: D r .  E . M .  Eddy 
Current Pos i ti on 

Unknown 

9. Jaeger, C h r i s t i n e  B. Ph.D. 
Thesis Supervisor: D r .  Raymond Lund 
Current P o s i t i o n  

Postdoctoral Fellow 
Dept. o f  Neurology 
New York Hospi ta l ,  Cornel1 Medi 
New York, NY 

a1 C t e r  

10. Jen, Ling-Sun Ph.D. 
Thesis Supervisor: D r .  Raymond Lund 
Current P o s i t i o n  

Ass is tant  Professor 
Dept. o f  Anatomy 
Hong Kong 

11. Kligman, Douglas Ph.D. 
Thesis Supervisor: D r .  Mark A Nameroff 
Current P o s i t i o n  

Laboratory of Biochemical Genetics, Bldg. 36-1CO6 
National I n s t i t u t e s  o f  Health 
Bethesda, MD 

12. Landreth, Kenneth Ph.0. 
Thesis Supervisor: D r .  Cornelius Rosse 
Current P o s i t i o n  

Senior Research S c i e n t i s t  
Cancer Research Program 
Oklahoma Medical Research Foundation 
825 N . E .  13th 
Oklahoma City, OK 73104 

13. McKay, John Ph.D. 
Thesis Supervisor: D r .  Mark A. Nameroff 
Current P o s i t i o n  

Pos t -doctora l  F e l l  ow 
Fred Hutchi nson Cancer Research Center 
Seattle,. WA 98104 

14. Mul6, James J.  Ph.D. 
Thesis Supervisor: D r .  N.B. Everet t  
Current P o s i t i o n  

D.C.T., N.C.I.  
Dept. o f  Human & Health Sciences 
Pub1 i c Heal t h  Service 
National I n s t i t u t e s  o f  Health 
Bethesda, MD 20205 

1 0 1 8 5 8 5  
60 



15. 

16. 

17. 

18. 

19. 

20. 

P a t t o n ,  Dorothy L.  Ph.D. 
Thesis Supervisor: Dr. Sheridan A Halbert 
Current Position 

Research Assistant Professor 
Dept . o f  Obstetrics and Gynecol ogy 
University of Washington 
Seattle, WA 98195 

Press, Oliver, W .  P h . D .  
Thesis Supervisor: Dr. Cornelius Rosse 
Current Position 

Instructor 
Dept. o f  Medicine 
University o f  Washington 
Seattle, MA 98195 

Q u i n n ,  LeBris S m i t h  Ph.D.  
Thesis Supervisor: Dr. Mark A.  Nameroff 
Current Position 

Senior Fell ow 
Dept. of Pathology 
University of Washington 
Seattle, MA 98195 

Scuderi, Phillip Jr .  Ph.D. 
Thesis Supervisor: Dr. Cornelius Rosse 
Current Position 

Research Scient i s t 
Carver Genetic Physics, Inc. 
Seattle, WA 98105 

Seiker, Larry C.  
Thesis Supervisor: Dr. Lyle Jensen 
Current Position 

Research Assistant Professor 
Dept. o f  Biological Structure 
Uni versi t y  o f  Washington 
Seattle, WA 98195 

Steiner, Verena M.S. 
Thesis Supervisor: Dr. Cornelius Rosse 
Current Posit ion 

Residency Program in Pathology 
University of Vermont 
Burl i ng ton ,  VT 
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8. Students Currently Benefiting from DOE-Sponsored Research in  the 
Department o f  Biological Structure  

1. 
2. 
3 .  
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11.  
12 .  
13. 
14. 

Bat tagl ia ,  David 
Bohannon, Nancy Jones 
Bramson, Rachel 
Brewitt, Barbara A. 
Davidson, David A .  
Foster, Carolyn A. 
Johnson, Lonnie 
Kissinger, Charles R.  
L i u ,  Hwan-Wun 
Newman-Gage, Helen 
Smith, Lynne 
Stroeher, Virginia 
Tupper ,  Joan C.  
Vernon, Robert 
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December 20, 1984 

DOE University Research Instrumentation Program 
Energy Program and Support Division 
U. S. Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge, Tennessee 37831 

Ladies and Gentlemen: 

Enclosed are three proposals prepared by Professor Cornelius Kosse and 
Professor Karen A. Holbrook, Department of Biblogical Structure, and 
Research Associate Professor Barbara M. Hickey, School of Oceanography, 
requesting support under the "DOE University Research Instrumentation 
Program 1985." 

Funding is requested as follows: 
Dr. Rosse, $103,703 for the period of July I, 1985 through June 30, 1986; 
Dr. Holbrook, $160,710 for the period July 1, 198s through June 30, 1986; 
and Dr. Hickey, $278,855 €or the period May 31, 1985 through April 30, 1986. 

A proposal for a fourth investigator, who was selected under the guidelines, 
is planned t o  be forwarded soon. 

To provide complete information requested on t h e  cover  page of the applica- 
tion, we have attached a list of all University o f  Washington D.O.E. awards 
actixTe as of  December 1, 1984. We hope this informatton is helpful as you 
rc'v ic.w thcsc p r o p o s a l s .  

It is a pleasure to submit these proposals for your consideration. 

Sincerely, 

DWA/ t h 
Enclosure 

Donald W. Allen, Director 
Grant and "ontract Services 



INSTITUTION: UNIVERSITY OF WASHINGTON 

PRINCIPAL, INVESTIGATOR: CORNELIUS ROSSE 
DEPARTMENT OF BIOLOGICAL STRUCTURE . 

AWARD AMOUNT: $103,703 

INSTRUMENT(S) REQUESTED: GAMMACELL 40 LABORATORY IRRADIATOR 

APPLICATION TITLE : CELLULAR AND MOLECULAR BIOLOGY RESEARCH 

The Unive r s i ty  of Washington proposes t o  purchase a Gammacell 40 Laboratory 
I r r a d i a t o r  t o  suppor t  seven  energy-re la ted  biomedical and h e a l t h  r e l a t e d  
r e sea rch  programs i n  two departments.  

S ince  1965, f a c u l t y  at  t h e  U n i v e r s i t y  of Washington have been i n v o l v e d  i n  
r e sea rch  on t h e  h e a l t h  and environmental  impacts of energy-re la ted  
chemicals.  The primary emphasis of DOE-sponsored r e sea rch  i n  t h i s  a r ea  has 
been on s tudying c e l l u l a r  defense mechanisms t h a t  a r e  engaged i n  t h e  
r ecogn i t ion  and n e u t r a l i z a t i o n  of environmental ly  induced neoplasms. 
Cur ren t ly ,  seven  f a c u l t y  members a r e  i n v o l v e d  i n  these  r e sea rch  areas with 
DOE suppor t  and seven teen  s t u d e n t s  have r ece ived  t h e i r  d o c t o r a l  degrees as a 
r e s u l t  of DOE sponsored research.  Fourteen graduate  s t u d e n t s  are now 
working on M.S or Ph.D degrees  i n  these  a reas .  

The requested ins t rument  w i l l  be s p e c i f i c a l l y  used i n  the  f o l l o w i n g  research  
areas: tumor growth mechanisms, g e n e t i c  r e s i s t a n c e  o r  s u s c e p t a b i l i t y ,  
exper imenta l  hematology and tumor immunobiology. The Gammacell 40 w i l l  have 
a s i g n i f i c a n t  impact on both the  q u a n t i t y  and q u a l i t y  of r e sea rch  performed 
i n  experimental  hematology, tumor inmunobiology and molecu la r  biology. The 

. -- r a t e  of progress  i n  a1 1 the  s t u d i e s  c u r r e n t l y  underway a t  t he  Un ive r s i ty  of 
Washington i n  these  a r e a s  has been l i m i t e d  by l ack  of a s ta te -of - the-ar t  
i r r a d i a t o r  f o r  exper imenta l  work. 

The Un ive r s i ty  of Washington W i l l  cos t  share  approximately 20 percent  of the 
purchase p r i c e  of t h e  instrument .  

t 



STATEMENT OF WORK 

Based on a series of external panel reviews and program staff 
discussions, this application has been selected for award under 
the terms of the FY 1985 University Research Instrumentation (URI) 
Program Announcement, DE-PS05-850R21502. Details of the equipment 
to be purchased with this award are noted by reference in the 
attached application. 



FREQUENCY CODES AND DUE DATES: 

A - As Necessary; within 5 calendar days after events. 
F - Final; 90 calendar days after the performance of the effort ends. 
Q - Quarterly; within 30 days after end of calendar quarter or portion thereof. 
0 - One time after project starts; within 30 days after award. 
X ~ Required with proposals or with the application or with significant planning changes. 
Y - Yearly; 30 days after the end of program year. (Financial Status Reports 90 days). 
S - Semiannually; within 30 days after end of program fiscal half year. 

I 

5. Special Instructions: 

I, Distribution 
Two (2) copies of all technical reports and one ClZ copy 04 all 
financial reports are to be submitted to the DOE Project Officer 
(Addressee A - Block 11 of Notice of Financial Assistance Award @F+4,t411 
One (1) copy of all technical reports, two (21 copies of financfal 
status reports and all remaining reports are to be submitted to the DOE 
Contracting Officer (Addressee B - Block 12 of NFAA). 

* Report should briefly describe the status and use of equipment 
11. Annual Technical Reports 

1. Identification Number: 
05-85ER75228.000 

TECHNICAL INFORMATION REPORTING 

Notice of Energy RDbD 

0 Technical Progress Report 

Topical Report 

6rl Annual Technical Report * 

2. ProgramlProject Tile: 
University Research Instrumentatior 

rogl;am 

No. of Copies 4. Reporting Requirements: 

PROGFIAMlPROJECT MANAGEMENT REPORTING 

0 Federal Assistance Milestone Plan 

0 Federal Assistance Budget Information Form 

Federal Assistance Management Summary Report 

0 Federal Assistance RogramlRojea Status Report a Financial Status Report, O M 6  Form 269 

Addressees Frequency 

F 



STATEMENT OF WORK 

Based on a series of external panel reviews and program staff 
discussions, this application has been selected for award under 
the term of the FY 1985 University Research Instrumentation (URI) 
Program Announcement, DE-PS05-850R21502. Details of the equipment 
to be purchased with this award are noted by reference in the 
attached application. 
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U.S. DEPARTMENT OF ENERGY 

1. Identification Number: 

FORM MPROVED 
OMBNO 1-127 

FEDERAL ASSISTANCE REPORTING CHECKLIST 
FORM EIA-A 
11011101 

2. ProgramlProject Tile: 
University Research Instrumentatior 

PROGfiAMlPROJECT MANAGEMENT REPORTING 

Federal Assistance Milestone Ran 

Federal Assistance Budget Information Form 

0 Federal Assistance Management Summary Report 

0 Federal Assistance RogramlRoject Status Report 

Q Financial Status Report, OMB Form 269 

TECHNICAL INFORMATION REPORTING 

Notice of Energy RD&D 

Technical Progress Report 

0 Topical Report 

brl Annual Technical Report * 

Frequency No. of Copies 

3 

Addressees 

FREQUENCY CODES AND DUE DATES 

A - As Necessary: within 5 calendar days after events. 
F - Final; 90 calendar days after the performance of the effort ends. 
Q - Quarterly; within 30 days after end of calendar quarter or portion thereof. 
0 - One time after project starts; within 30 days after award. 
X - Required with proposals or with the application or with significant planning changes. 
Y - Yearly; 30 days after the end of program year. (Financial Status Reports 90 days). 
S - Semiannually; within 30 days after end of program fiscal half year. 

I 

5. Special instructions: 

I, Distribution 
Two (2) copies of all technical reports and one Cl] COPY 04 @l. 
financial reports are to be submitted to tfie DOE Project Offfcex 
(Addressee A - Block 11 of Notice of Financial Assistance Award CWtI.4)~ 
One (1) copy of all technical reports, two (2) copies of financial 
status reports and all remaining reports are to be submitted to the DOE 
Contracting Officer (Addressee B - Block 12 of NTAA).. 

11. Annual Technical Reports 
* Report should briefly describe the status and use o f  equ€pment 
including research projects which have been undertaken as a resuit of 
the equipment being available, flnancial data on operatron and 

Annual reports will be required during the prescribed project period 
and will continue for at least two years following installatfon of 

maintenance expenses provided by Grantee, etc, c 
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