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DEPARTMENT O F  HEALTH AND HUMAIv SERVICES 

712361 - PUBLIC HEALTH SERVICE 

N A T I O N A L  I N S T I T U T E S  O F  H E A L T H  

February 4 ,  1952 

Re: 1 R01 ES02892-01 SSS 

(919) 541-7724 

Dr. Guy D a v i d  Griffin 
Health and Safety Research Division 
Oak Ridge i i a t i o n a l  Laboratory 
P.O.  Box X ,  Building 45005 
Oak Ridge, Tennseess 37830 

Dear Dr. Gr i f f in :  

The National Advisory Environlnental Health Sciences Council, a t  i t s  
January 25 meeting, d i d  not recommend approval of your research grant 
appl icat ion referenced above. You may be assured t h a t  t h i s  act ion will not 
a f f e c t  t he  f u l l  considerat ion of other  appl ica t ions  you may w a n t  t o  submit. 

Enclosed i s  the Summary Statement containing the  comments of the i n i t i a l  
reviewers o f  your research proposal. 
t he  der ivat ion and use o f  t h e  N I H  p r i o r i t y  scores .  

I am a l s o  enclosing an explanation o f  

I f  you have questions concerning your appl icat ion o r  t he  review process, please 
fee l  f ree  t o  contac t  me. 

Program Director 
Regular Research Programs Section 
S c i e n t i f i c  Programs Branch 
Extramural Program 

2 Enclosures 

cc:  I n s t i t u t i o n a l  O f f i c i a l s  



9lvtslon of Research Grants 
:iational Imtl  tutes o f  Health 
Wtsbtood R u l l d l n q ,  Roan 249 
5333 Westbard Avenue 
Bethesda, Yary land  2.2.2115 

Enclosed f o r  your consideration are s i x  copies o f  the subject research 
proposal, prepared by t h o  WE's Cak R1dl;e h t i o n a l  Laboratory  (WYL). 
A l s o  encl3scd are an executed C r a n t  Cert l f lcat lon and 3~ executed Cost 
S i a r i r z  A-jrzeiynt I. \  t 7 e  fomat of hE? Fzr: <337. 

-r 13e o c j e c t i v e  of ths prayr?sed r e s e a r c i  i s  t o  dew= 
s-,ster t o  test the e f f e c t  of envlronxntal  a y n t s  
syqthe;is ar;3 s e c r e t i s r .  The proposal re rwsts  a 
o f  : e r f c r a n c e ,  k q i n n ! r y  ;illy 1, 1 C V .  Tb,e i n l t  
f i ind1 n~ w i  11 rmui re 55'5,706 for  d i  rect c o s t s .  

Your fevcrable considerdt ion o f  the zrgpusE1 shotil:' reflected l r  3 
Pundin? a u t h o r l z a t l o n  t o  th i s  o f f l c e .  
aiithorlze 3 W L  t o  proceed wi th  t h e  research pro jec t .  r!ontbly bill incs 
wfll be accmpllshed by Standard F o n  1081 to reimburse t h e  XE appro- 
p r l a t f o n  fcr actua l  cost  incurred. 

'Jwn I t s  r e c e i S t ,  we d l 1  

E R- 13 : WRB i bb :mac : 6-0 742 : 7-28-81 . - , - ^  : ,  
, !. 
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Sfncerely, 
Original Si,o?ed by 
William R Bibb 

Uillian R. Ribb, Cirector 
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COST S H A R I N G  AGREEMENT 

Awa r d i  nq  O f f  i ce : 
National Ins t i tu tes  of Health 

Appl i cation or Award Number: 

{ m i r t r n e n t  of Energy 
Oak Ridge Operations Office 
Research D i  v i  s i  on 
Post Office Box E 
Oak Ridge, Tennessee 37830 

Proposed Project Period: 
From July 1, 1982 t o  June 30, 1985 

ORNL RESEARCH GRANT PROPOSAL, "HUMAN CELL ASSAY OF ENVIRONMENTAL 
IMMUNOTOXICANTS" (INTERAGENCY AGREEMENT DOE NO. 40-1 193-81 ) 

I n  order t o  sa t i s fy  HEW cost  s h a r i n g  requirements, the U. S. Department 
of Energy agrees t o  bear 17.18 percent of the total  cost o f  the above 
project. 

T o t a l  project cost i s  the sun o f  the to ta l  allowable direct  and ind i rec t  
cost  incurred by the recipient a n d  sub-recipients of cost-type contractors ,  
plus the value o f  any t h i r d  party in-kind contributions which benefi t  
the project. 
the HRJ g r a n t  administration regulations a t  45 CFR, Pa r t  74. 

These amounts will be calculated according t o  the rules  i n  

I f  t he  project period consists o f  rllore than one budget period, the 
agreed-upon ra te  will apply t o  the project period as  a whole, including 
any non-competitive extensions b u t  not necessarily t o  each i n d i v i d u a l  
b u d g e t  period. 

I f  HEW stops f u n d i n g  this project pr ior  t o  the close o f  the o r ig ina l ly  
agreed-upon project period, the r a t e  will apply t o  the actual period o f  
support. 

I f  the project period i s  extended competitively, another cost  sharing 
agreement will be negotiated. 

Research Di v i  s i  on 

7 81 
Date 



Cer t i f i ca t ion  Required by PHS: 1-515-408 

f o r  

HUMN CELL ASSAY OF ENVIRONMENTAL IMMUNOTOXICANTS 

To Be Performed By 

The Department of Energy's Oak Ridge National Laboratory 

I c e r t i f y  t h a t :  

1.  

2 .  

3 .  

The Department of Energy has the s t a t u t o r y  authori ty  to carry 
out  the research study s e t  fo r th  i n  the proposal fo r  the research 
project  with the above t i t l e .  

The- Department of Energy wil l  be l e g a l l y ,  f inanc ia l ly  and 
adminis t ra t ively responsible for the conduct o f  the research 
project  w i t h  the above t i t l e  i f  a research g r a n t  i s  awarded 
t o  Oak Ridge  Operations of the Department o f  Energy f o r  this 
purpose. 

~ 

Dr. William R .  Bibb ,  Director,  Research Division, Oak Ridge 
Operations, is delegated by me t o  administer the grant fo r  
the  Department o f  Energy. 

Oak Ridge Operations 
Department of Energy 
JUL 2 9  '1961 



OFFICE OF THE DIRECTOR 

OAK RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

UNION C A R B I D E  CORPORATION 
NUCLEAR DIVISION 

POST O F F I C E  BOX X 

O A K  R I D G E ,  T E N N E S S E E  37830 

July 28, 1981 

Department of Energy 
Oak Ridge Operations 
At ten t ion :  Mr. J .  A. Lenhard, Assistant Manager 

Post Office Box E 
Oak  Ridge, Tennessee 37830 

f o r  Energy Research and Development 

Gent1 emen: 

Research Grant Proposal t o  the NIH, DOE I A G  No. 40-1193-81, 
"Human Cell Assay of Environmental Imnunotoxicants" 

Enclosed f o r  your review and approval i s  a research g r a n t  proposal 
b e i n g  submitted t o  the National In s t i t u t e s  of Health. The proposal 
requests a three-year period of performance beginning July 1 ,  1982, 
and  a to ta l  d i r e c t  cost  of $214,700. T h e  i n i t i a l  twelve-month direct  
f u n d i n g  requirement i s  $66,700. 

The objective of t h i s  research i s  t o  develop an in 7f:ro assay system 
t o  t e s t  the e f f e c t  of environmental agents on one parameter of immune 
f u n c t i o n ,  immunoglobulin synthesis and secret ion.  

The following information i s  provided t o  a s s i s t  in your review and 
approval of t h i s  proposal: 

a .  This research e f f o r t  i s  described i n  the approved ORNL 
Ins t i tu t iona l  Plan, "Work f o r  Others (Excluding NRC) . ' I  

The personnel required for t h i s  research a re  included 
i n  the d i r ec t  FTE's i n  the "Summary of Resources." 

b .  G .  D. Griff in  will serve as principal investigator and 
devote 45% of his  time t o  t h i s  research. He currently 
devotes 100% of his time t o  Assessment Activit ies (DOE 
and E P A )  i n  P .  J .  Walsh's group. 

c .  E x i s t i n g  space and resources a re  available t o  conduct th i s  
research without interference to  ongoing DOE programs, 



I , I ] ,  , , 
1 

DOE, M r .  3 .  A. Lenhard -2  - J u l y  28, 1981 

d. T h i s  research  w i l l  se rve  DOE r e l a t e d  o b j e c t i v e s  i n  A c t i v i t y  
HA 02 02 03 - B iomed ica l  dnd Environmental  Research - Systems 
Damage. Based upon t h i s  programmatic r e l a t i o n ,  i t  i s  requested 
t h a t  t h i s  r e s e a r c h  be conducted on an a c t u a l  c o s t  bas i s ,  
d e p r e c i a t i o n  and DOE added c o s t  f a c t o r  waived. 

A f t e r  y o u r  approval ,  p l e a s e  f o r w a r d  s i x  copies o f  t h e  proposdl  t o  t h e  
D i v i s i o n  o f  Research Gran ts ,  N a t i o n a l  I n s t i t u t e s  o f  Hea l th ,  Room 240, 
Westwood B u i l d i n g ,  5333 Westbard Avenue, Bethesda, Mary land 20205, and 
one copy t o  D r .  Edward Gardner,  Jr., Program D i r e c t o r ,  Regu la r  Research 
Programs Sect ion,  S c i e n t i f i c  Programs Branch, Ex t ramura l  Programs, 
N a t i o n a l  I n s t i t u t e s  o f  Envi ronmenta l  H e a l t h  Sciences, P . O .  Box 12233, 
Research T r i a n g l e  Park,  N o r t h  C a r o l i n a  27709. 

If you have any q u e s t i o n s  concern ing  t h i s  proposal ,  p lease  c o n t a c t  
G. D. G r i f f i n ,  e x t e n s i o n  6-2713. 

S i  n f e r e l y  you rs  

ll@.dL 
iierman Postma 
D i r e c t o r  

HP:GDG: j p  

Enclosure 

cc: J. E. Carr  W. R. Ragland 
G. D. G r i f f i n  C. R. Richmond 
R. F. Hibbs F i l e  - R C  
S. V .  Kaye 
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D E P A R T M E N T  OF H E A L T H  A N D  HUMAN S E R V I C E S  

GRANT APPLICATION 

G r i f f i n ,  Guy David -~ 
3c. M A I L I N G  A C C R E S S  ISIrect. city, stoic, r i p  code) 7 POSITION T I T L E  
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DEPARTMENT OF HEALTH A N D  HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

ABSTRACT OF RESEARCH PLAN 

L E A V E  BLANK 

P R O J E C T  NUMBER 

i 

N A M E  A N D  A I \ @ R E S S  O F  A P P L I C A N T  O R ~ A N I : A T ~ ~ N  ; S o n e  as  Itm :!, pope I '  

Dep2rt;;er.t of Energ) -- 
T I T L E  OF A P P L I C A T I O N  !Some os I tem I, pope I) 

Humar. Cell Assay of Environmental Innunotoxicants 

D r .  G. D. G r i f f i n ,  S t a f f  S c i e n t i s t ,  Health and Safe ty  Research Divis ion 
M r .  D, D. Schuresko, S t a f f  S c i e n t i s t ,  Health and Safety Research Divis ion 
Dr. G. D. Novel l i ,  Group Leader, Biology Division 
Dr. Alan Solomon, P r c f e s s o r  of Medicine, Department of Medicine, Universi ty  of 

Name,  T , t i e  and Deportment o f  a l l  prolessionol personnel engaged on profect, bcginnang w + t h  Principal Investtgotor Proprom Director  

Tennessee Memorial Research Center 

A B S T R A C T  OF RESEARCH P L A N .  Conciaelv deacribe the applicotton'r specific osma,  methodology ond long-term oblectivea, maktng reference to 
the scl.nttf,c dt.cipltner ~ n v o l r e d  and the health-relatedness of the protect. The obatroct should be aelf-contolned so ?hot I t  con serve o s  E aucclncl 

accurate description of the opplicotion when aeparoted from I f .  DO NOT EXCEED THE SPACE P R O V I D E D .  

The purpose of t h i s  research  i s  t o  develop ari i n  v i t r o  assay  f o r  t h e  e f f e c t  of 
environmental agents  on one aspect  of immune func t ion ,  immunoglobulin production 'cy 
3 human lyrtphoblast3id c e l l  l i n e ,  ana t o  validate this assay by t e s t i n g  che2icd.s and 
phys ica l  a g e n t s  such as r a d i a t i o n  i n  t h i s  systen.  The nature and k i n e t i c s  of i ~ z ~ u o -  
g l o b u l i n  production i n  t h e  unperturbed c e l l  system have been well-characterized. 
Usix t o  advantage t h e  e x q u i s i t e  s p e c i f i c i t y  of antigen-antibody recogni t ion ,  ar.C 
biochenica l  prokes of p r o t e i n  syn thes i s ,  it w i l l  be possi'cle t o  d e t e c t  changes ir. - -  
inmumglobul in  s t r u c t u r e  ( including primary sequence changes and molecular asse7.c-y 
a l t e r a t i o n s )  i n  response to t h e  a c t i o n  of environmental agents .  The techniques cf 
flow c y t o n e x y  w i l l  d l o h  de tec t ion  of d t e r a t i o n s  i n  percentage o f  cells produclzg 
immunoglobulin, percentage of c e l l s  producing immunoglobulin frwments, and/or 
changes i n  p a t t e r n  of membrane-bound immunoglobulin. This c e l l u l a r  system could be 
coupled  t o  s u i t a t l e  enzyme-rich t i s s u e  ex t r ac t s ,  t o  dctect  imnlunotoxicity of 
m e t a b o l i t e s  cf chemicals i n e r t  without enzymatic a c t i v a t i o n .  
a s s a y  could serve as an  i n i t i a l  screening system f o r  immunotoxicological a c t i v i t y ;  
chemicals act ive i n  t h i s  system could be used i n  whole animal tests. 

This  i n  v i t r o  c e l l  

L A B O R A T O R Y  ANIMALS I N V O L V E D .  Identify by common nomea. I f  none, stotm "none" 

None 
PAGE 2 



T A B L E  O F  C O N T E N T S  

Number pages c o n s e c u t i v e l y  ut the bo t tom throughout  the o p p l i c o t i o n .  DO n o t  u s e  s u f f i x e s  s u c h  O S  

5 0 ,  5b. Type  the  nome o f  the P r i n c i p u l  l n v e s t i g o t o r  Progrom D i r e c t o r  o t  the top o f  euch p r i n f e d  page  
ond  eoch c o n t i n u o t i o n  page. 

PAGE NUMBERS SECTION 1. 

Face Poge, Abstract, Tob le  of Contents., ...., ,.., ................ ,. ... .............. 
Detoi led Budget for F i r s t  12 Month Budget Period .. .. . . . . . *.. . . . . . . . . . . . . . . . . . ... . . , . . 
Budget Estimates for A l l  Years of Support.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . 
6iogrophicol Sketch.Principo1 Investigotor Progrom Director (Nor to exceed two pages,. . . . . 
Other Biographical Sketcnes ' N o t  to exceed two pages for each) .  . .. . . . . .... .. ... ,. ...... 
Other Support.. . , . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . .. . . . , 
Resources ond Environment . .. . . . . . . . . . . . ... . .. .. . . . . . . . . . ... .. ... ... .. .. . . . . . . . . . . 

1-3 
4 
5 -6 

7 - 8  
9-13  
14 
I L  

SECTION 2. 

Introduction (Excess pages; revised and supplementul uppl icot ions) . 
Reseurch P l o n  

. . . . . - .  . . . . . . . . . . 
A. Specif ic Aims !Not to exceed one pogel .. , .......... ..... ....... . ..... , ...... 
B. Signif icance (Not  to exceed three pages]. , . . . . . . , , . . . . . . . . . , . . . . . . . . . , . . . . . . . . , 
C. Progress Report Prelirninory Studies ' f b t  to exceed eight pogesl . . . . . . . . . . . . . . . . . 
C. Methods ................................................................... 
E. Humon Sublects, Zter ivei  Moteriais or C c * = .  . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 
F. Loborotory Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 
G. Consultonts ................................................................ 
H. Consortium Arrangements or Formal i z e i  Collaborative Agreements . . , , . . . . . . . . . . . . 
I .  Li teroture Ci ted .............................................................. 

Checkl ist ........................................................................ 

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

Number of abstracts: 3 
Other items ( l i s t ) :  

Application Receipt Record, form PHS 3830 
Form HHS 596 i f  I t e m  4, page 1, i s  checked 

Number of monu s cr i pts: 

17-25 
26-28 

29 
30 

~~ 

PHS-398 
Rev. 5 /EO 

P A G E  3 



FROM 
DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 

T H  ROU CH 

I I I I I 

I 

2ar.iel D. Schuresko, Iy1.S. ~ c - I c - f ? c t i s a $ c r  
G ,  Eavi d N o v e l l i  , Ph. D. I Co-Invest igator  10 1 None ! None I None 

I 

I 

I 

? i s s u e  Cul ture  media and cher?.lcals 
Immunological Reagents and Other Chemicals 

$ 1,500 
1 , 500 
2,000 Glassware (T i s sue  Cul ture  P las t icware ,  e tc .  ) 

I 

I 
S U B T O T A L S  * b  35.5 00 $10,600 $ 46,100 

I A L T E R A T I O N S  A N D  R E N O V A T I O N S  (Itemize b y  c m e g o r y )  

Alan Solomon, M. D. 
E Q U  I P M  E N  T ( I  ?mi re)  

S U P P L I E S  ( I t e m i z e  b y  cotcgoryl 

0 

0 

0 

C O N T R A C T U A L  
OR (See 

THIRD P A R T Y  instructions)'  

-- 
--7-zzs7c 

= O R  E I5N T R A V E L  

COSTS 

600 
0 

I 
OTHER E X P E N S E S  (Itemize b y  c o t e p r y )  

U t i l i t y  and maintenance charges f o r  T i s sue  Culture Laboratory 

Division Adminis t ra t ion  Costs (*See J u s t i f i c a t i o n ,  p. 5 )  

$ 6,200 
2,000 
6,000 

Upgrade E l e c t r o n i c  components o f  Model 4800A Cytofluograph 

1 I N P A T I E N T  
? A T I E N T  C A R E  COSTS 1 O U T P A T I E N T  __- ------ - - 

Graphic Arts, Photography and P u b l i c a t i o n  C o s t s  800 

0 
0 

T O T A L  D I R E C T  COSTS (Also e n t e r  on pope 1 ,  item 8) - - 

0 

15,000 

66,700 
PHS-398 
Rev. 5/80 P A G E  4 
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0 

E O U I P M E N T  

su P P L I  E 5 

DOME ST1 C 
T R A V E L  

i 5,000 5,500 6.000 

1.000 

1 I 
I 

800 ; 

I 

i I 
600 

0 
I 

O !  0 1  1 F O R E I G N  I 
! 

I N P A T I E N T  0 1  I 0 1  I 0 

i 0 0 0 

P A T I E N T  
CaeE 

0 0 I 
0 1  

O U T P A T I E N T  I 
I 

A L T E R A T I O N $  AND 

C S N T R A C T U A L  O R  T H I R D  1 
s E NO V A  T I ONS 

I 

1 0 P A R T Y  COSTS 0 0 

1 

j 
I 

I 

I 

I I I 

O T H E R  EXPENSES 15,000 14,800 16,300 I 
i I 

I 

::TAL FO;? FNllDF P P Q P O $ E p  PQOJE' , -  PEP123 ( A l s o  m t c r  o n  pogc 1 ,  ifam 7.'- 214,700 



G r i f f i n ,  G .  

J E T I F 1  CA'TI3K : ( Con t i n u  E d ) 

al l  t h e  t x c h n i c d .  ass i s ta r ice  i n  c t taf-ning the  resdts  r t p c r t e ?  i n  "Prcl  irniriary Stud- 
ies",  arid is  corr.Fetent i n  a l l  a:.szys Frcpose2 i n  t h i s  ap$icarior-, 

S a l a r y  aF.d zupply c o s t s  w i l l  be i nc reased  

Travel f u r d s  i nc lude  one t r i p  a . r a d . l y  f o r  , p r i n i c i p a . l  i n v e s t i g a t o r  t c  a n a t i o n a l  
scier.t.ific meeting (e .g . ,  Feterat ior!)  

The budgetary iterr. f o r  t h e  T i s s c c  Cul ture  Labora tory ,  which is essen t i a l .  t o  conduct 
t h e  propc,sec? r e sea rch ,  ccvers o u r  c o s t  - t o  USE t h e s e  f a c i l i t i e s .  

Requested e l e c t r o n i c  a1 tera t ior . s  f o r  cy to f luc rcg raph  w i l l  be recessary  f o r  optimal 
use of t h e  ins t rumect  wi th  t h e  rew 4.W Argon-Ion laser  which bas a l ready  been pur- 
chased.. 

The c o s t  of e l e c t r o n i c  a l t e r a t i o n s  f o r  t h e  cy tof luorograph  is  included on ly  i n  t h e  
first year's budget.  
I n s t m e n t s  p r s c m c l  w i l l  t e  includee i n  "Gther  kXpcnses". The remaining c c s t s  i n  
t h i s  ca t egc ry  w i l l  be increase?  lwq a n n u l . l y .  

annua l ly .  

The rea f t e r ,  $500 a n n u a l l y  f o r  s e r v i c e  and rairitenanc.e by Ortho 
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PRINCIPAL i N V E S T I C A T O R ' P R O C R A Y .  O~..,CTOII G =  3 .  G r i f f i n  

BIOCRAPHICA L SKETCH 

G t v t  he following informotion lo. h e y  pmtersionoi personnel l i s t e d  m pow 2, k g l n n l n g  wcrh k . 
Principol investigator Progrom Direcqor. Photocopy thrs popr for c o d  perron. 

- I  i T I T L E  Ell R ' l H D A 7  E f k , @  'L 
NAME 

. . ___  ~ 

honor1, k n c i * b  ,nlrn, m + m k r s k i p  on ony Fwdorol Gsvwmmont P u b l i c  Advisory  Commit*ow. Lllt, in c h f o n o b i c o l  o d o r ,  * tit1.a e '  

c o m p ~ o t w  rwferoocwc, to rocwnt  t.prwswntotivw publicotionr 8 D p W c i o t l y  ~ ~ O D O  W O D t  pertinent to 6 1 s  oppltcotton. Do not oscwwd 2.powm- 

snunt:~,  1962. - NSF fiesearch Assis taEtshFy a t  Iowa S t a t e  Unive r s i ty  
1562-64 - Two Academic Schc la r sh ips  he ld  s lmul t anecus ly ,  Univ. of Nebr. a t  C r i k  
1964 - American I n s t i t u t e  of Chemists,  Guts tanding  Chemistry Graduate 
1964 - Graduated Summa cum Laude, Univ. of Nebr. a t  Omaha 
1965-71 - P e d i a t r i c s  Laboratory Superv isor  under Dr. G .  E. Cibbs,  Univ. of k b z a s k a  

Medical Cen te r ,  S t u d i e s  cf t h e  biochemical  d e f e c t  i n  Cys t i c  F i b r o s i s ,  using 
t echniques  of enzymology, cytochemistry and t i s s u e  culture.  

1969 - Full Membero Sigma X i  
1971-72 - Research Fel lowship A w a r d ,  Na t iona l  C y s t i c  F i b r o s i s  Research Foundat ion 
1971-72 - Research I n s t r u c t o r ,  ? e d i a t r i c s ,  Unjversi . ty  of Nebraska Medical Cer,ter- 
1972-74 - American Cancer Socie ty  Pos tdoc to ra l  Fellowshj.p, w l t h  D r ,  G .  D. N o v e l l i ,  

Biology Divis ion ,  O R N i  - a l t e r a t i o n s  i n  t E N A  s p e c i e s  prodcccd &.Xing lymrkccyte  
b1a.s t ogene s i  s 

1974-76 - USPHS ( N C I )  ?ostdoctGral  F e l l  ok-zhip, Eiclogy Divis ion ,  GENI, with Drs. 
Jacc.bscn a.nd. Nove l l i  - development of separat . ion s y s t e m  f o r  b i o l o g i c a l - l y - ~ e r i v e i  
macromclecdes ( t R K A '  s a.nC tramf e r  f a c t c r )  , c!evtlopr,ent of models t o  s t u d y  
cellular immunity 'ci :cker.Lcd.ly. 

k ioche r i ca l  mechanism clf cellular imiuii t y ,  p a r t i c G a r l y  t r a n s f e r  f a c t o r  and 
immune RNA.  

( i n  P .  J .  Walsh's Clrcup) - Developrwnt of Ln -- v i t r c  mmmalian c e l l  systems which 
may be u s e f u l  i n  a s s e s s i n g  hazards  from chemicals,  

Representa t ive  P u b l i c a t i o n s  

1576-78 - Research Assoc ia t e ,  Eiclogy Divis ior , ,  OFNL (wi th  D r ,  G .  D. Nove l l i )  - 

1 9 7 8 - P r e s ~ n t  - Research S t a f f  S c i e n t i s t ,  Heel th  and Safe ty  iiese.srch Div is ion ,  C.RNL, 

Be taGlucuron idase  A c t i v i t y  i n  Skin Components of Chi ldren with Cys t i c  F ib ros i s .  

Lysosomal Enzymes c f  Cul tured  White Blood C e l l s  i n  Cys t ic  F ib ros i s .  G.  D .  G r i f f i n  

a T r a s f e r  RNA Spec ies  i n  liur;.an Lj-niphocytes S t i r d a t e d  by Mitogens and i n  LeLkemic C e l l s ,  
IJ G .  D, G r i f f i n ,  W-K Yang and G .  D. Nove l l i ,  Arch, Biochem. - 176: 187-196, 1976. 

0 S e p a r a t i o n  of T r a n s f e r  Ribonucleic  Acids on Polys tyrene  Anion Exchangers. 
0 Singha l ,  G .  D. G r i f f i n ,  and G. D, Novell i .  Biochem. 3: 5083-5087, 1976. 

G .  E. Gibbs and G.  D. G r i f f i n .  Science 167: 993-994, 1970. 

and G .  E. Gibbs. Froc.S=c. Drp . Biol .  Ped. m: 426-412, 1971. 
_. 
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Griffin, G. 

- >T;ini:ati:n of  ?henoi Sxtrazzion rrcce2:;res for ?reparatioc 3f N;A frorr, Maii,hliar. 
Lyophcid Organs. G. D. Griffin, H. S. Sellin and G. D. Novelli. Anal. BlocFern. 9: 
506-520 , 1978. 

Chemical Cytotoxicity - A Cancer Promoter. C. D. Griffin, T. D. Jones and P. J. Welsh. 
Polynuclear Aromatic Hydrocarbons - Third International Synposium, Ed. by P. 7. 
Jones and P. Leber, Ann Arbor Science Pub., 723-732, 1979. 

Reproductive Survival and Macronolecular Synthesis in Cultured Mammalian Cells Exposed 
to Single Metabolites and Mixtures of Metabolites of Benzo(a)pyrene. 
C. S. Dudney, P. S. Furcinitti, T. D. Jones and P. J. Welsh. 
Hydracarbons - Fourth International Symposiun, Ed. by A. Bjorseth and A.  J. Cennis, 
Battelle Press, 287-298, 1980. 

C. D. Griffin, 
Folynuclear Aromatic 

Biochenicai Studies of Imune RNA Using a Cell-Mediated Cytotoxicity Assay. G. D. 
Griffin, H. G. Sellin and G. D. Novelli. 
1980. 

Cancer Biochen. Biophys. k: l23-131, 

Assessment of Potential Health Effects of Dielectric Gases. G. D. Griffin, C. E. fasteriy 
and P. J. Walsh. Gaseous Dielectric 11. 
Press , 439-449, 1980. 

Ed. by L. G. Christophorou, Pergamcn 

mpiricd Observations in Support cf Carcinogenic Promotion ss a Tool for Screening 
end Regulation of Toxic Agents. 
F. j, Yzlsh.  
Oc-,ober 25-30 , 1950. 

T. 3. Jcnes, C .  D. Griffin, C. S. Dufiney zna 
Polgnuc le s r  A-rc-s-,ic ?:LZC Zarbons - Fifth Znterxz ior ia l  Sj-nposi-zi, 

Eattelle Z o 2 . x . b ~ ~  Laboratories , Ir. Press. 
- -- In Vitro Sensitizztion of HuTan Lppho:y:ts ta a MyeloEa Cell-RelaTed Antigen. 

Cell. I.-muncl. - 6 0 :  
E.!. 2. 

he9-L97, h:TitsDn, G. D. Griffin, S. D. Sovelli and A. Solomon. - e -  -9 L i i .  

k y l  byarxarbon Mono-OxygenEse Activity in Human Lymphocytes. G. D. Griffin and 3. D. 
Schu-resko . OFiEL/TM-7721 , 1981, 20 p a s .  
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R E S F A R C H  AND/OR PROFESSIONAL E X ? E R l t i ' C . C :  
. n ' ~ ,  "o3d hos>ors. I i iclude prc icnt  r i r n r h c ~ b h i p  on any i ' e d e r o l  Gowrnm-t?' Puhl ic  Adviroey iommi t tvc .  L~z I ,  i n  chronolcgicol :rAer, the t i t l e s  and 

c r , n p l r l -  reference1 lo recenl  reprb&Cnlol i~,c pubi icol .onr,  rr@c.c io ! ly  those mort  ycrt in<nt  lr t i t s  opFiico1Ion. Do -.----- n i t  cxcecd 2 P L - ~ C ? .  

Concl,rdin> v,it:a p re icnt  positien, i l \ t  i n  chronolugncal 0rd.r previous rmylcymcnl, exper.- 

Summers 1964-69 - Draftsman, Lehigh Design Co., Dravosburg, PA 

S m e r  1970 - Research Assistant i n  Gptics  Research Laboratory,  Penn S t a t e  Univers i ty  
1970-72 - Teaching A s s i s t a n t ,  Physics  Department, Corne l l  Un ive r s i ty  
1972-77 - Research A s s i s t a n t ,  School of Applied and Engineer ing Phys ics ,  Cornel l  Univ. 
1977-80 - Research Assoc ia te  and Staff Member, Chemical Technology Eiv is ion ,  ORNL 
1980-Present - S t a f f  Member, Heal th  and Safety Research Div i s ion ,  ORNL 
1980 - I n d u s t r i a l  Research and Development IR-IO0 Award f o r  t h e  P o r t a b l e  Fluorescence 

Spo t t e r  

Representat ive P u b l i c a t i o n s  

Carboxylat ion K i n e t i c s  o f  HemoglG'cin and Myoglobin: Linear  T r a n s i e n t  Response t o  S tep  
Pe r tu rba t ion  by Laser Pho to lys i s ,  Biopnys. J. Vol. 24: - #1: 382, 1978. 

A Port&.t le  Fluorometr ic  Monitor t o  Detect PNA Contamination of  Work Area 3xcrfaces. 
F r x e e d i n g s  of t h e  SymDosim. on Xssessing t h e  I n d u s t r i a l  Hygiene EoFitor ing Needs 
-_-------- f c r  t h e  Coal Conversion and C i l  Shale  I n d u s t r i e s ,  Brookhaven National 'Laboratory, 
1376. 3NL 51002. 

A P o r t a b l e  Fluorometr ic  Monitor t c  Detect Polynuclear  Uomat i c  Hydrocarbon Contanina- 
Proceedings of  t h e  1979 Sympcsium on Instrumentat ion t i o n  cf Work Area Surfaces. 

and Control f o r  F o s s i l  Energy Processes ,  Denver, Colorado, 1980. 
Argonne Nat ional  Laboratory.  

mage, A. R ,  Hawthorne, aEd T.  Vo-Dinh. Proceedings of t h e  Th i rd  M i a m i  I n t e r n a t i o n z l  
CcrZerence on Alternative Sources, 1980 (To be Publ i shed . )  

ANL 79-62, 

New Instruments  f o r  P l a n t  Area and Perscnnel  Monitoring. D. D. Schureskc, R .  B. Gam- 

P o r t a b l e  Fluorometr ic  S p o t t e r  f c r  Detection of Sur face  Contamination by Polynuclear  
Aromatic Hydrocarbon Compounds. 
Aromatic Hydrocarbons, Eat te l le  Columbus Labora tor ies ,  1980 ( I n  P res s )  

Arcmatic Compounds, Anal. Chem. 2: 

F i f t h  I n t e r n a t i o n a l  Symposium on Polynuclear  

P o r t a b l e  Fluorometr ic  Monitor f o r  Detec t icn  cf Surface Contanir.aticn by Folynuclear  
371, 1980. 



, ~ S I  A C ; ~ . . ;  t ~ : ) , ‘ u R  P C O l  [ ! > I O I ~ ~ . L  E X P C K l i h C k ;  
!,EC, (. ,,j h-.no.r. lnc ludp p r r r r r ~ t  n rn ihcr \h ip  un c - . j  Fcdcrol f ,o\crnn,ent Pb,blic A d v l s o r y  Committee. \ . i s ? ,  1 1 1  cktr:nolo~~col  oide i ,  the totler L I . ~  

lnmplcle ,c(.r‘.nccr $0 rccc- t  rcorcscniet i . . . -  publ, :cltipns, e s p ~ : c i o ’ l v  i h o s r  mrs: p r r i i i i r n t  i c  this r .ppl icot ic~ur.  D o r o t  - ~ z c c d  9 r aq??. 

ConcIbc!in: w t ; t  p r e s c n .  p:.itio-, l i s ~  i n  i \ r c r , o l o y i c s l  crier l . iev104:. r m p l o y n r - t ,  e r r i * r : *  

3 w e r  1940 - S a n i t a r y  Engineer Fel lowship - W.K. Kellogg Foundation, Battle Creek, M I  
1942-4.k - Univ. of Calif., Scr ipFs I n s t i t u t e  of Oceanography - worked toward Ph.D. i n  

marine microbiology wi th  minor i n  marine biochemistry - complete except  f o r  d i s s e r t a t i o n .  
1944-46 - Army of t h e  United S t a t e s  - Master Sergeant ,  4 t h  Serv ice  Medical Command, F o r t  

McPherson, Atlanta ,  .6A - medical d i agnos t i c  microbiology l abora to ry .  
1949-53 - Biochemical Research Labcra t .c r ies  a t  t h e  Massachuset ts  Gencral Hosp i t a l ,  assistant 

t o  a s s o c i a t e  biochemist  under Dr.  F r i t z  Lipmann. 
195S-Present - American Assoc ia t ion  f o r  t h e  Advancement of  Science (Fellow) 
1953-56 - Assoc ia t e  P ro fes so r  o f  Microbiology, Western Reserve Univers i ty  School of 

1956-Present - P r i n c i p a l  Biochemist and Group Leader i n  Enz)mc! ogy i n  t h e  Eiology 

1960-03 - Membership Committee , kqer ican  Society of E i o l o g i c a l  Cherr.ists 
1960-Present - R e s e r c h  P ro fes so r  of Eiockemistry,  Un ive r s i ty  o f  Gecrgia 
1961-62 - Chairman, Atomic  Energy Commission Committee on DNA, RNA and P r o t e i n s  
2961-65 - P h y s i c l o g i c d  Chemistry Study Sec t ion ,  U. S. Pub l i c  Health Service 
1364-68 - R a d i a t i o n  Study Sec t ion ,  U. S.  Publ ic  Heal th  Se rv ice  
1965-69 - Chairman, A&isory Committee on Research on t h e  3Liology of Cancer, American 

1965-73 - D i r e c t o r ,  Kacromolecular Separa t ions  Technclogy Program, CRNL 
1967-Present - Profes so r  of Biomedical Sciences,  Un ive r s i ty  of Tennessee Oak Ridge 

Graduate  School of Biome6ical Sciences 
1969-70 - Foundat ion f c r  Microbiology National Lec tu re r ,  American Society f c r  Microbiology 
1969-70 - S c h c l a r  i n  Cancer Research, American Cancer Socie ty  
1969-73 - Phys io logy  Chemistry Study Sec t ion ,  U.  S. Pub l i c  Hed. th  Serv ice  
1970-74 - Chairmin, ?he Advisory Committee f o r  Personnel f o r  Research, American Cancer 

Iecember 1971 - P a r t i c i p a n t  i n  The National. Caxcer Program Planning Conference 
1971-Present - Adjunct P ro fes so r  of Chemistry, Univers i ty  of Ca l i fo rn ia ,  San Diego 
1972-73 - Ad Hoc Review Committee of Research Fr0grarr.s i n  Basic Science f o r  t h e  

1974-75 - Member Advisory Board f o r  The Enzjme Engineering Conference cf t h e  Engineering 

1975-Present - Mecber S c i e n t i f i c  Advisory Committee, Univers i ty  of  Rochester Cancer Center  
197j -Present  - Member I n t e r n a t i o n a l  Advisory Board Cancer Biochemistry Biophysics 
1975-79 - Member Drug Development Cont rac t  Review Com.xittee for t h e  Divis ion of Cancer 

Medicine 

D i v i s i o n ,  ORNL 

Cancer S o c i e t y  

Soc ie ty  

Veterans  Adminis t ra t ion 

Foundat ion 



Griffin, G. 

E I C S R A M I C K -  SKZT'SH - G. D. Novelli (Continued) 

Publications 
More than 200 in professional journals and articles in books and symposi'm reports. 

Many oral presentations at national and. internatio& meetings, 
clude enzymoloa of biosynthetic reactions, mclecular basis for genetic ccntrol of 
protein structure and synthesis, structure and function of transfer RNA, carcinogenesis, 
antibody synthesis, microbial metabolism, fermentation technclogy, enzyme er@neerlng, 
sepzration and purification of tumor specific transfer factor, and recombinarx DNA 
technclogy 

Research interests in- 



P R I h C I P A L  . , . J E S T I C A T O R  P R O G R A M  D I R E C T O R  C, D. bL.iff i n  

6lOGRAPHlCAL SKETCH 
Give the f o l l o w i n g  informotion (or key p r o f e s s l o n o 1  personnel listed on poge 2, beginning w i t h  the 

Principol  lnvestigotor Progrom Director. Photocopy t h i s  page for eoch person. 
B I R T H D A T  E ~Ma.Doy,  Vr.) i NAME 

Alan Solorr.cn Frofesscr cf Yedicine 

R E S E A R C H  AND/OR PROFESSIONAL E X P E R I E N C E :  

me., end honors. Include praionv mamborrhip on ony Fadmral Covammont Publ lc Advisory Committom. L i s t ,  in  chronological ordor, rho titlms ond 

Concluding with prosont position, l i s t  i n  chronological order pravious .mploymmnt, orpari -  

N. I .  S e r l i n  
1960-62 - Senior  Ass i s t an t  Surgeon, USPHS 
1961 - Dr. Daniel S t a t s  Memorial A w a r d ,  E d i t o r i a l  Board, J .  of The Mount S i n a i  Hospi ta l  
1962-Present - Sen io r  Surgeon, I n a c t i v e  Reserve,  USPHS 
1963 - American Associat ion f o r  Cancer Research 
1963 - American Medical Associat ion 
1963-65 - Spec ia l  Fellowship,  Nat iona l  I n s t i t u t e  of A r t h r i t i s  & Metabolic Diseases, 

1963-65 - Research Ass i s t an t  i n  Xenatology (ET. 5. R .  Wasseman), The M t .  S i n a i  

1963-65 - Guest I n v e s t i g a t o r  & A s s i s t a n t  P h y i c i a n  (Dr. F. G. K ( L J L k d ) ,  The Rockcfe l le r  

Is& - her - i ca r .  S,Z=ciety LI Fezz.tclcgy 
1964 - Diplomate, Ar.eericaR Scard o f  I n t e r n a l  Medicine 
1965-66 - A s s i s t a n t  Attendicg Hematologis t ,  The M t .  S i n a i  Hosp i t a l ,  New York 
1965-66 - Associa te  Physician and Guest I n v e s t i g a t o r ,  The Rockefe l le r  Un ive r s i ty ,  N.Y. 
1966-69 - Associate  Research P r o f e s s o r ,  The U r 5 v t r s i i  y cf Tennessee Mer;.cri al. Research 

1966-85 - USPHS Research G r a n t  C A - l G C 5 6 ,  Fri ricipal I n v e s t i g a t a r  
1567-73 - American Cancer Society Research Grar,t T-4SO, P r i n c i p a l  l nves t . i ga t c r  
1967-73 - N a t i o n d  Sc ierce  Foundation Research G r a n t  G3-6036, P r i n c i p a l  Invest igat . .cr  
1567 - C e n t r d  Socie ty  f o r  c l i n i c a l .  Research 
1968 - APericar. Asscc ia t ion  cf Imniuno lo~ i s t s  
1968 - Tennessee !?eccz.l Assoc ia t ion  
1966 - Sigma X i  
1968 - American College c f  Phys ic izns  (Fellow) 
1968 - Southern Socie ty  f c r  C l i n i c a l  I n v e s t i g a t i o n  
1966-72 - Research Career Development Awzril CA 21,220, N C I ,  NIH, USPHS 
1 9 6 8 - ~ r e s e n t  - I n E t i t u t i o n a l  Research Grant  Committee, American Cancer Soc ie ty ,  

1970 - Second P r i z e ,  Henry L. Moses A w a r d ,  Montefiore Hospi ta l ,  N e w  York 
1971 - Phys ic i an ' s  Recognition A w a r d ,  American Medical Assoc ia t ion  

N I H ,  USPHS 

H o s p i t a ,  New 'iork 

Unive r s i ty ,  Seiu York 

Center  and Hospi tz l  (MRCH) 

Un ive r s i ty  of Tennessee - Chairman 

- ecaan-h F r r . f c c c n r  ThP l lnivcrai t.v n f  TP 
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I , I U ,  , 

G r i f f i n ,  G. 

1 9 7 1 - F r e s e ~ t  - Sutccm I t t e e  on Ncr,ecclat:ure c f  F.wa Inr.ur.cg1 obu l ins ,  I n t e m a t i o n z l  
Unior. of Imunclsgic  S o c i e t i e s  

1971 - American Society f o r  C l i n i c a l  I n v e s t i g a t i o n  
1972 - Third P r i z e ,  Hemy L, Moses Award ,  Mor te f iore  FIospital ,  N e w  York 
1972-Preser t  - C l i n i c a l  P r o f e s s o r ,  Department of I n t e r n a l  Medicine, C l i n i c a l  

1974-77 - USPHS Research Grant CA-15173, Co-Principal  I n v e s t i g a t o r  
1976-Present - Consul tant ,  Human Cancer Diagnos t ics  and Therapeut ics  Unit  of t h e  

1976 - Phys ic i an ' s  Recognition Award, American Medical Assoc ia t ion  
1977 - American Associat ion f o r  Cancer Educat ion 
1977 - American Society of C l i n i c a l  Oncology 
1977-Present - Consul tant ,  Biomedical and Environmental Research Div is ion ,  Argon e 

i978-Present - Menbcr, Advisor) Yznel,  The American Ecarc? o f  Nedlcal Laborztory 

1576-79 - Consultant., Clinical  Cancer Frcgran P r o j e c t  Eeviei f  Corr:mS :tee,  N E ,  N I H  
197e-80 - Frcifesr:c.r of biedical BiologJ-, DepErtmrrt of P i e d i d .  l ; iology, MRCH, U. T.  

1979-83 - Memker, C l i n i c a l  Cancer Program P r c j e c t  Review Committee, N C I ,  NIH 
1979 - Physiciar , ' s  Recognition Award, AmErican Yediczl AssGciation 
1980 - I n t e r n a t i o n a l  Society of  Eemztology 
1980-Present - Professor  of Medicine,  Department of Medicine, U.T. Center  f o r  

Education Cer.ter, U.T. Cen te r  f o r  Hea l th  Sciences/Knoxville 

Cancer and Toxicology Program, Biology Div i s ion ,  ORNL 

P National  Laboratory 

Im lmcjlogy 

Cer,ter f o r  Health Sciences/Kncxvi l le  

H e a l t h  Sciences/Knoxville 

Represen ta t ive  P u b l i c a t i o n s  

More than  l l5 p u t l i c a t i o n s  and a b s t r a c t s ,  p l u s  cumerous p r e s e n t a t i o c s  a t  
n a t i o n a l  and in t e rna t5  c rid s c i  Fr, t . if ic ne c t i n g s  , a': E: :.r v i  t e d  1 W!.LT~I , P Z  1 ~ 2  t 
cf tat e Lrivcs5-t.j: c.f 7 eme-ssee teaching  a c t i v i t y  r e s p o n s i b i l i t i e s ,  a t  a rea  
h o s p i t a l s ,  before  l o c a i  c i v i c  o r g a n i z a t i o n s ,  and i n  radio and t e l e v i s i o n  zppearances. 
I n t e r e s t s  inc lude  var icus  a s p e c t s  of humoral immunity, inmunoglobulin s t r u c t u r e  and 
f u n c t i o n ,  hematologic cancers  and o t h e r  hematologic  d i so rde r s ,  humoral and c e l l u l a r  
immunity i n  cancer.  
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f f i n  P 
PRINCIPAL Z S T I G A T O R  P R O G R A M  D I R E C T O R  J a D 

OTHER SUPPORT 
(USE CONTlNUATlON PACES I F  NECESSARY)  

For each of the professionols named on page 2, l i s t ,  i n  three separate groups: (1) oct ive support; (2) opplicotions 
pending review ond./or funding; (3)  applications planned or being prepared for submission. Include all Federal, non- 
Federal, and inst i tu t ional  grant and contract support. If none, r to te  ''NONE.'' For each item give the source of support, 
ident i fy ing number, protect t i t le, name o f  principal investigator/'program director, time or percent of effort on the project  
by professional named, annual direct costs, ond entire period of support. ( I f  port of o lorger project, provide the t i t l es  of 
both the parent grant and the subproject and give the onnual direct costs for eoch.) Br ie f ly  describe the contents of each 
item listed. I f  ony of these overlap, duplicate, or are being replaced or supplemented by the present application, just i fy 
and del ineate the nature ond extent of the scient i f ic  and budgetory overlaps or boundaries. 

PRINCIPAL lNVESTlGATOR/PROGRAM DIRECTOR: G. D.  G r i f f  i n  
(1) ACTIVE SUPPORT: E P A  #-20074020 - "Risk Assessment o f  Synthe t ic  Fuels";  p r i n c i p a l  

i n v e s t i g a t o r  - F. J .  Welsh; percent  e f f o r t  - 100%; annual d i r e c t  c o s t s  - $325,000. 
C o n t r a c t  ends A p r i l  1982. 

(?)APPLICATIONS PEYDINC: DOE FTP - "Aryl Hydrocarbon Monc-3xygenase Induct ion:  A 
Measure of PNA Exposure." HA 010201; D. D .  Schureskc,  G .  D. G r i f f i n ,  P. F. Yul- 
laney and G .  D. Nnvelll; Tercent e f f o r t  - 30%; a n x i a l  d i r e c t  c o s t s  - $1118,0W. 
Three y e a r s  r e q u e s t e d .  

( ~),U=PLICATIOBS PZSii:iZ:D : Ycne. 

D.  D.  Schuresko 
(1)ACTIVE SUPPORT: DOE FT? - "Dcsimetry f o r  New Energy Sys'lern P o l l u t a n t s " ;  P.ctivity 

#001707, p r i n c i p a l  inves:lgstor - R .  3 .  Cwmege; perzent  effor', - 100%; annusl 
d i r e c t  c o s t s  - $260,002. Funding through FY 81. 

(2)APPLICATIONS PENDIYG: X=E FTP - "Aryl Hydrocarbor Mono-Oxygenase Induct ion:  A 
Measure of PNA Ex3osuze"; .::-02@102; D. D.  Schuresko e t  E L . ;  percent  e f f o r t  - 
105; annual  d i r e c t  c o s t s  - $lhS,OGC. 
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PRINCIPAL I N k E S T I G A T O R  P R O S R A M  @ l R , -  I O U  -fin 

RESOURCES AND ENVIRONMENT 
-- -- - - 

F A C I L I T I E S  
e x t e n t  of a v a i l a b t l i t y  to  the prolect. U s e  "other"  t o  d e s c r i b e  ( o c i l t i t * s  at o ther  per formance s i t e s  Iostrd in Iterr 9 ,  page  I ,  o n j  a1 

s i t e s  for f ~ e l d  studies. Using con t inua t ion  p o g e s  i f  n e c e s s m y ,  i nc lude  a desc r ip t i on  of the n o l u r e  of any co l l obs ro t i on  w i t h  other 
o r g o n i  za t ions  ond p rov ide  further i n f o r m o ~ i o n  in the  R E S E A R C H  P L A N .  

Mark thr l o c i l i t i r s  70 be u s e d  and b r i e f l y  i n d l c J t e  tbe i r  copacbt icr ,  pe r t i nen t  capabilities, r e l o t t r o  prox im i t y  and 

B Lobora torv .  

f a c i l i t i e s )  of 477 s q ,  f t .  w i t h  HEPA-filtered a i r  supply,  2 BioHazard Hoods, 2 C02 
I n c u b a t o r s ,  Water S t i l l ,  Autoclave,  Liquid Nitrogen Cell  Storage Tanks, Ref r igera tors  
and Ke lv ina to r  Freezer .  

Complete t i s s u e  cul ture  l abora to ry  ( i n  C ,  D. N o v e l l i ' s  l abo ra to ry  

Access t o  o t h e r  general  biochemical l a b o r a t o r i e s  under Dr. 
e l l i ' s  superv is ion ,  f o r  cer ta in  o t h e r  procedures,  w i l l  be made available. 

mc1- i n i c a l :  

0 A n i m a l :  

0 Computer :  

M A J O R  E Q U I P M E N T :  L i s t  the m o s t  i m p o r t a n t  equ ipmen t  i t ems  olready o v o i l a b l e  for t h i s  pro lect ,  noting t he  location, and pc- t inent  
copobi l l t les o f  each. Farrand Mark I1 Spectrof luorometer ;  L e i t z  Laborlux Fluorescence Micro- 
scope;  Model 4800 A Cytofluorograph,  wi th  Updated Argon-Ion Laser of 4W T o t a l  power 
( f o r  m a x i m u m  p o t e n t i a l ,  t h i s  ins t rument  r equ i r e s  replacement of c e r t a i n  outmoded elec-  
t r o n i c  components--see p w e  4) ; LKE Elec t rophores i s  and I sce lec t r ic  Focusing Apparatus; 
LKR Refr igera ted  F rac t ion  C o l l e c t o r s  (All items c u r r e n t l y  i n  Dr. Nove l l i ' s  l a b o r a t o r i e s ,  
Biology Division, CRNL) 

ADD1 T l O N A L  INFORMATION. 
s u c h  a s  consu l ton ts ,  secretor101, moch inc  shop, a n d  e lec t ron i cs  shop, ond the extent  to w h i c h  they w i l l  be o v ~ , l o b l e  to the prolect. 

P r o v i d e  a n y  other i n fo rma t ion  desc r ib ing  thc environment for t h e  p ro l cc t .  Idant , fy  support ~ C ~ Y I C C S  

D r .  Alan Solomon, under a c u r r e n t  consu l t an t  cont rac t  with t h e  Hea l th  and Safe ty  3e- 
s e a r c h  Divis ion,  will prov ide  immunological expe r t i s e  t o  a l l  a s p e c t s  of  t h i s  p ro jec t  
Through h i s  l abora to ry ,  c e r t a i n  immunolcgicd resgents  (such as t h e  i d i o t y p i c  a n t i s e r a  
and  antisera aga ins t  free K l i g h t  cha in ) ,  not  ccmmercially ob ta inab le ,  w i l l  be made 
available. The e l e c t r o n i c  upgrading  of t h e  Cytofluorograph w i l l  be c a r r i e d  out  by I4r. 
Schuresko i n  conjunct ion w i t h  t h e  Instrumentat ion and Controls  Div is ion  of CFJL. 

- 
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G r i f f i n ,  C.  

A .  S p e c i f i c  A i m s  

Ue p r c p c s e  t o  i n v e s t i g a t e  t h e  e f f e c t s  of envi ronmer ta l  a e e r t z ,  YGth c h c n j c d  and 
phys ica l  , on cne w e l l - e s t a t l i s h e c  nanlf  * s t a t i o n  ctf imue  funct icr . ,  imunog lobu l in  
p roduc t ion .  A h u m  lynyi -c t ias to id  ce!j l i n e  (des igna ted  BF) whLicr. p r c d m e s  a s i n g l e  
s p e c i f i c  t y p e  (monoclonal) cf i r r u n o g l o t u l i n  C, (I@,), artd i n  which p 5 d u c t i o n  and. se- 
c r e t i o n  of t h i s  I& has  been wel l -charac te r ized ,  w i l l  be used as the  basis f o r  t h i s  
-- i n  v i t r o  immune func t ion  assay. The e f f e c t s  of environmental  agents  on IgG s y n t h e s i s  
and  s e c r e t i o n  by EF cells w i l l  be s tud ied ;  measurable parameters include induced s t r u c -  
t u r a l  a l t e r a t i o n s  i n  t h e  I& product ,  a l t e r z%ionE  ir .  pe lcentage  of t G t a l  c e l l u l a r  pcpu- 
l a t i o n  s y n t h e s i z i n g  1 6 ,  arid d t e r a t i o n s  i n  q u n t i t y  of  I& secreted pe r  c e l l .  S tud ie s  
w i l l  ke p e r f o m d  t o  docmeCt t h e  capac:ty cf FF c e l l  enzymes t o  metabolize c e r t a i n  
envi ronmenta l  chemicals  of i n t e r e s t :  i f  such enzymes axe l ack ing ,  l i v e r  microsomal 
f r a c t i o n s ,  o r  ce l l s  de r ived  from va r ious  organs w i l l  be used i n  experiments aimed a t  
developing  a system analogous t o  c e l l -  o r  homogenate-mediated mutagenesis assays .  
Using b icchemica l  techniques ,  t h e  rr,cllecular b a s i s  fcr a l t e r a t i o n s  i n  I& pruduct ion  
ir. rezponst: t c  t n v i r o n n e r t a l  a&:ents v i 3  1 be i r , ves t iga t ed .  

B. S i g n i f i c a n c e  

human organism is  wel l -apprec ia ted ,  
f u n c t i o n a l  a b i l i t y  of t h o s e  c e l l s  r e spons ib l e  f o r  immunoglobulin syn thes i s  has  n o t  been 
e x t e n s i v e l y  i n v e s t i g a t e d  i n  man, however. 
a g e n t s  can Cjrect ly  d ~ r i ~ g e  t h e  fLnc t iond . i t y  of  t h e  i m n ~ n e  system, r e s c l t i r g  i n  i xtate 
of imn.unodeficier,cy, A l t e rna t ive ly ,  pz tho log ica l  e f f e c t s  on var ious mean  systems 
( such  as occur i n  auto-immune disease states) may result from a l t e r a t i o n  of t h e  func- 
t i o n a l  a b i l i t y  of t h e  immune system. 

t a i n  p h y s i c a l  and  chemical agents  has  been obtained.  
t h a t  2 , 3 , 7 , 8 - t e t r a c ~ l o r c ~ S t e n r r , - ~ - d r o x i r . ,  a contaminant of herb ic ide  manufacture, 
s l i g h t l y  suppres sed  guinea  p ig  humoral immunity. 
posu re  t o  c iga re t t e  smoke can a l t e r  h m o r a l  immune f u n c t i o n s  i n  mice. 
t h e  pr imary  an t ibody response,  fo l lowing  an t igen  c h a l l e r i e ,  WE: zbolished i n  lung 
l y x p h c c y t e s ,  and s i g n i f i c a r . t l y  rec?uced i n  d u a t , i o n  c.nd xqn i tuc i e  Ir sp2 een and lymph 
m d e s  cf r i ce  exposed f c r  26 wks t o  c i e a - e t t t  smoke. Zarkower (4) observed p rogres s ive  
d e c r e a s e s  i n  o v e r a l l  antibody-forming a b i l i t y  of mice exposed t o  carbon p a r t i c l e s  a lone  
o r  particles p l u s  SO2. 
s p e c t i v e l y )  were designed t o  r e f l e c t  "real  l i fe"  p o l l u t i o n  s i t u a t i o n s .  
were s e e n  a t  maximum exposure du ra t ion  (192 days)  and  involved decreases  i n  numbers of 
ant ibody-forming cel ls  i n  t h e  sp leen  and dec reases  i n  hemagglutination t i t e r s  i n  serum. 

Metall ic compounds have z l s o  been h p l i c a t e d  i n  immune a l t e r a t i o n .  Newborn mice, 
when t h e y  a n d  t h e i r  d a m s  were f e d  Zn-deficient  d i e t s  f c r  4 w k  following b i r t h ,  ehcwed 
a k i r a t i c n s  f-1 levels r f  5nru r . c&lc~h~ l Ins  C,, F ant'. J. ( 5 ) .  
r e d u c t i o n  of  t h e  primary humoral immune response of mouse sp leen  c e l l s ,  when animals 
were exposed t o  c e r t a i n  concent ra t ions  of NiC12 o r  CdC12 by inha la t ion .  
i n j e c t i o n  of N i C 1 2  o r  NiS04 a l s o  r e s u l t e d  i n  suppress ion  of humoral immune response,  al- 
though CCCl;, and CrCl3 were without effect .  Phys ica l  agen t s  such as r a d i a t i o n  have a l s o  
been found t o  affect humoral inununity. W i s h  & (7) I i n  studying 3 men who were ac- 
c i d e n t l y  i r r a d i a t e d  wi th  X-rays ( t o t a l  body dose v a r i e d  from 100-200 R t o  300-600 R )  
found decreases below c o n t r o l  l e v e l s  i n  I& i n  plasma by 20-30 2ap p o s t - i r r E d k t i o n .  
Even a f te r  1s yrs, f l u c t u a t i o n  i n  IgG l e v e l s  i n  t h e s e  ind iv idua l s  was far  beyond nor- 
m a l  v a r i a t i o n .  

The importance of humoral h m n i t y  i n  main ta in ing  t h e  h e a l t h  and i n t e g r i t y  of t h e  
The i n f l u e n c e  of environmental p o l l u t a n t s  on t h e  

As Adkinson (1) p o i n t s ,  ou t ,  e n v l r c m w r t a l  

Some exper imenta l  ev idemo of a l tered n m c r a l  imnunity followi.a& exposure t o  cer -  
Vos and co-kcrkers ( 2 )  have four-d 

Thomas et & (3 )  have shown t h a t  ex- 
They found t h a t  

The concent ra t ion  of SO2 and carbon ( 2  ppm and 500 ug/rn3, r e -  
Greatest ~ f f ' c  C ~ E  

G r a h a m  e t  al (6 )  observed 

In t ramuscular  

4L 
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G r i f f i n ,  G .  

1 

I n  t h e s e  i n  vivo s t u d i e s ,  ::.e primary and secondary effe:? c f  c h e n i c a l s  c r  ~ h y s -  
i c a l  a g e n t s  could not  be 2 l f f e re r . t i h t ed  and t h ' x  o t h e r  i n v e s t i g z t c r s  have u t i l i z e d  - ir: 
v i t r o  assays. 
i m u n e  r e sponses ,  t h e i r  u s e f u l w z s  f o r  ex t rapc lz t_ icns  t c  
ent;anc*ed. I n  i.hI s r c s p e c t ,  i 7 r . u r 8 2 g l  o h d i n  prc(',:;ction by lyr.;r.ci;a5,tcid c e l l  l i n e s  RE j .  

be a n  e x c e p t i o n d l y  good model. Fsney et a1 (5; nc te  the 5 i r . lLa r i t i e s  t o  t.he in 
immune r e sponse  t o  a n  aritigcn aFLd s t a t e  "ljmphc9id c e l l s  i n  c d t u r e  mimic t h e  ncm,al LE- 

mune r e sponse  i n  pass ing  through l a g ,  p r c l i f e r a t i v e  and r e s t r i c t e d  ( o r  s t a t i o n a r y )  
phases of grcrwth and i m i t n c ~ l o b u l i n  synthes is . "  Chemical t reatment  has  been shown t o  
perturb immunoglobulin production i n  c e r t a i n  c e l l u l a r  systems. 
workers (9 ,  10, 11) have inves t iga t ed  t h e  e f f e c t s  of var ious  mutagens on irrimunoglobu- 
l i n  p r o d u c t i o n  i n  mouse myeloma c e l l s  (malignant plasma c e l l s ) ,  
t h a t  t r e a t m e n t  of such c e l l s  w i f . h  n ' tmsogv in jd ine ,  melphalan, cr ICR 151, a n  a c r i d i n e  
half-mustard,  could produce va r i an t  clone: of c d l s  hhi.ch exhik i ted  a v a r i e t y  of changes 
i n  immunoglobulin compared t o  con t ro l  c e l l s ,  
f ec t s ,  however, s i n c e  e thy l  methane s u l f o n a t e  was i n e f f e c t i v e  i n  inc reas ing  t h e  frequen- 
cy of v a r i a n t s .  l o s s  of a b i l i t y  t o  synthes ize  
t h e  heavy cha in  p o r t i o n  of immnoglobul in ,  but  r e t e n t i o n  of l i g h t  cha in  product ion;  
l o s s  of a b i l i t y  t o  syn thes i ze  any immuno~l.obulin, complete o r  fragmented; product ion 
of heavy cha ins  t h a t  were clf a d i . f f e ren t  s i z e  (hc th  sme.ller ara l a r g e r ) ,  and which were  
of a d i f f e r e n t  s t r u c t u r e  from i i&%ivt.  imm~4no~Io'~L;Lin; s ec re t ion  c f  d e f e c t i v e l y  asserrhled 
immunoglobulin ( i . e , ,  only one heavy and l i g h t  cha in  p e r  molecule); and d e f e c t i v e  gly- 
c o s y l a t i o n  of immunoglobulin. 

S i n c e  immunoglobulin product icn i s  a n  e s s e n t i a l  p a r t  of numcral immunity, a c e l l u -  
l a r  system which could  be used as an i n  v i t r o  model f o r  immunoglobulin product icn  would 
be of importance i n  screec ing  t e s t s  tc stud37 tk.E e f f e c t  of enviror!er, tal .  agents  uljcn 
hunlcrzl  immur-ity , 
t l a s t o i d  c e l l  l i n e  BF which F rc i czes  a monoclcRa1 IgC prc te i r , .  
l i n e  t o  a s s a y  e f f e c t s  of var ious chemicals and s t h e r  agents  cn I& product ion c o d a  
p rov ide  a valuable i n i t i a l  s t e p  i n  a t i e r e d  approach t o  s c r e e n i w  chemicals f c r  irrimunc- 
t o x i c o l o g i c a l  prc.aper.ties. A~FJ:! s a c t i v e  i n  t h i s  human syster .  coKid be r e fe r r ed  &,c ct?k.c:r 
1y r r .pkcb la~ tc id  2 . j r  ES t o  gr:r.c.raii;t any x e r u l t s ,  cr t o  animal tesTing f o r  fL:l.tker ir,\.e:.ti 
gzLti(-n csf  t h e i r  i.rn~~~ur~cleglc&]. e f f s z t s ,  zr c e l l s  apparent ly  a: nc t  show t h e  vaiaki l i : ; .  
i n  I& s t r u c t u r a l  f e a t u r e s  seer: i r ,  Scharff '  s sys t en  (frequerit  sncztaneous genera<<cn rf 
I& v a r i a n t s ) .  The unique a:t.ri.cutes of t he  EF c e l l s  w i l l  t tas permit f u t u r e  s t u d i e s  a t  
t h e  gene l e v e l  of how such g a i t s  a l t e r  IgG product ion,  ana w5ether such e f f e c t s  a r e  re- 
vers ible  o r  preventab le .  T h i s  understanding could a i d  i n  therapies  t o  a l l e v i a t e  t h e  
d d e t . e r i o u s  e f f e c t s  of such qEn t , s .  

I f  such 2 v i t x  systems could 't5 shown tc c i r . l c  CT 2 a r a l l e l  2 vivc 
.Jlvc s i t u a t i o n s  wculd be 

Scharff and h i s  co- 

These workers found 

Nzt a l l  potent  mutagens produced such ef- 

The immunoglobulin changes included: 

We have beglin such s t u d i e s  employing t h e  e s t ab l i shed  human lympho- 
Use of t h i s  human c e l l  

-- 

C a P r e l i m i n a r y  S t u d i t s  

t h e s i z i n g  human 3ymyl-xblast3id c e l l  l i n e  (des igna ted  EF) a This  c e l l  l i n e ,  o r i g i n a l l y  
d e r i v e d  from phytohemagglutinin (PXA)-stimulated pe r iphe ra l  blood lymphocytes of a 70 
yr. old h e a l t h y  Caucasian m l e ,  was provided t c  our  l abo ra to ry  i n  1975 by Dr. D i m i t r i  
Viza. The c e l l s ,  when examined 'tjr l i g h t  ana e l ec t ron  microscopy, are morphologiczil; 
he te rogeneous ,  wi th  f e a t u e s  characteristAc. for pl aenx cell  s arid r r ~  t u r e  arid irnr.zTure 
( i , e .  blast ce l l s )  lymphocytes (Attached Figs .  1 and 2 ) .  This he te rogenei ty  is  a l s o  
s e e n  i n  c l o n e s  de r ived  from 5F c e l l s ,  and thus  i s  probably ind ica t ive  of a l i m i t e d  
d i f f e r e n t i a t i o n  a b i l i t y  of t h e s e  c e l l s ,  r a t h e r  than  a communal mixture of c e l l  types  
a r i s i n g  from i n i t i a l  i s o l a t i o n  of t h e  ce l l  l i n e .  
ac te r i s t ic  of prev ious ly  deEcribed human lymphoblastoid ce l l  l i n e s  ( 6) .  

c o n t a i n  r e c e p t o r s  f o r  complement (a  B c e l l  marker), o r  have phagocytic a b i l i t y ,  

The basis  of t k , ~  F L - S J G L Z ~  i r r  ~ i n o t ~ ~ j . c ~ ~ l o ~ i c a 1  a s say  is  s n  e s t a b l i s h e d ,  I&-syn- 

Morphological he te rogenei ty  is  char- 

BF cells do ncd.: form r o s e t t e s  w i t h  sheep r e d  blood c e l l s  ( a  T ce l l  marke r ) ,  
Al te r -  
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n a t i v e l y ,  t h e  ce l l s  have t h e  capac i ty  t o  s y n t h e s i z e  immuncglobulin as evidenced by popu- 
l a t i o n s  cf' c e l l s  which ressrr,'cle 3 Ajr .p?Axgtes  and have col l -surTace and cytoplasmic i n -  
auncgl.ckulin (At?ached F j e .  ,?). The a ? r m t  of I$ s5c re t ed  i n t c  c u l t u r e  medium by t h e  
3F ce l l s /2L  h r c ,  i s  . - ,0 ,5  - 1.5 - g  p e r  IO6 cells. Cf f i v e  1 6 - p r c d c c i n g  lymphcblastoid 
line: tes+,ed, EF was found t c  s e c r e t e  t h e  mcst I& (2 .  S. L i t x i n ,  personal commwiza- 
t i o n ) .  The c e l l s  conta in  EBNA (@stein-Barr Nuclear Antigen) b u t  a r e  not producirg E, 
v i r u s  (Dr. W .  HerJe, personal  communication). 
evidenced by t h e  monoclonal na tu re  of t h e  c e l l  s u r f a c e  and cytoplasmic immunoglobulin 
i d e n t i f i e d  as I& with  -type l i g h t  c h a i n s  ( I g C c ) .  Fur the r ,  t h e  monoclonal nature of 
t h e  immunoglobulin product  has  also been demonstrated by us  through s t u d i e s  of t h e  prc-  
t e i n  sctcr.et.ed. by t h e  BF cel l  S. This  m a t e r i a l  has  k e n  isc , la t .ed and. has been shown t o  
pcssess t h e  fc l lowink  c h z r a c t e r i s t i c s :  heavy cha in ,  gamna ( 'i) subc la s s  'I 1, GP! a l l o t y p e  
- Gm(1); l i g h t  cha in ,  kappa ( c ) ,  V r e g i c n  subgroup 
c i f i c i t y  performed by Dr. Arthur  G .  S te ink ,e rg) .  I n  a d d i t i o n  t o  the  i n t a c t  IgG p r c t e i n ,  
t he  BF c e l l s  a l s c  syn thes i ze  and secrete a f r ee  monoclonal. l i g h , t  chain ( iII)  th2.t appears  
ider.ticaJ. t o  t h e  l i g h t  cha in  conta ined  i n  t h e  ccmplete mclecule.  The s t r c n g e s t  p resent  
evidence of t h e  human nat.me of the BF c e l l  l i n e  i s  t h e  f ac t  it i s  proc%cing h\m,an I&,, 
The mcrphologic and chemi.cal c h a r a c t e r j a t . i c s  of t h e  BF c e l l s  i n d i c a t e  that.  t hey  axe of 
hL;rr,an o r i g i n  and have features of a cpectrum ctf E c e l l s  ranging  from imma.ture t o  Et-ure  
lynrphocytes and  plasma c e l l s ,  

A mcst s ignif icant  f e a t u r e  of IgC secre t . ion  by t h e s e  cell  s is that oc ly  one speci-  
f i c  t y p e  of I& has been d.etect.ed ( i . e .  monoclonal an t ibody) ,  suggest ing t h a t  a l l  c e l l s  
s y n t h e s i z i n g  I& a r e  descendents of one o r i g i n a l  c e l l  making t h i s  type  of IgC, Since EF 
c e l l s  produce only a s i n g l e  IgG molecule,  i t  is  p o s s i b l e  t o  prepare  immunological r e -  
a g e n t s  very s p e c i f i c  t o  t h i s  molecular s t r u c t u r e ,  and by us ing  t h e s e  r eagen t s ,  t o  a e t e c t  
srrall a l t e r a t i o n s  i n  s t r u c t u r e  of t h e  IgG, Because BF c e l l s  a r e  d i f f e r e n t i a t e d  t o  I&- 
syn thes i z ing  ceLls ,  conplex r e z r a n g e n e n t s  i n  IgG genes ( t h a t  clccur pre l iminary  t o  IgG 
product ion  i n  p rogen i to r s  of t h e  plasria c e l l  l i neage  and which a f f e c t  I& s t r u c t u r e  and 
p c s s i b l y  s p e c i f i c i t y )  a r e  no t  expected i n  BF ce l l s .  
w i th  processes  c o n t r o l l i n g  d i f f e r e n t i a t i o n  f r o n  a p l u r i p o t e n t  stem c e l l  t o  a p l a s m  
c e l l  producing a s p e c i f i c  ant ibody w i l l  t h e r e f o r e  not  be monitored by t h e  BF c e l l  system. 

BF c e l l s  a c t i v e l y  Frcl i fc! ia- ,e  i n  S E V E I ~ .  types  o f  ( : e 1 3  cLJtLre mc:dj.a, i.:-c rou- 
t i n s l y  grown i n  zu l a b o r a t c r y  in ? E - I I  1&0, scpplenented wi th  1C55 f e t a l  c a l f  sey;n and 
a n t i b i o t i c s  ( t h e  concent ra t ion  of f e t a l  c a l f  serum can be lowered t c  2.5% without  severe-  
l y  i n h i b i t i n g  growth o r  a f f e c t i n g  r a t e s  of I@ s y n t h e s i s . )  These c e l l s  do not  r equ i r e  
t r y p s i n i z a t i o n  t o  remove them from glass o r  p l a s t i c .  
doubl ing  time of t h e  BF c e l l s  is  *-22-24 hrs. They axe appa ren t ly  immortal and can be 
c r y o g e n i c a l l y  preserved  and recovered wi thout  s i g n i f i c a n t  l o s s  i n  v i a b i l i t y ,  BF c e l l  
i nnocu la  (of  a t  least  1 x 106 ce l l s )  have been adminis te red  t o  nude mice by a v a r i e t y  
of r o u t e s  ( i n c l u d i n g  i n t r z p e r i t c n e a l l j  and in t raveneous ly)  , an2 a f t e r  7 months, nc ev i -  
dence of tumor growth has appeared ( p e r s o n a l  communication, James Otten,  D r .  Raymcnd 
Tennant ' s l a b o r a t o r y )  

a feeder c e l l  l a y e r ,  such as human f o r e s k i n  f i b r o b l a s t s  is used. They can a l s o  be 
c loned  by a l i q u o t i n g  s i n g l e  c e l l  d i l u t i o n s  i n t o  m i c r o t i t e r  p l a t e  wells, if "condi- 
t i oned"  m e d i u m  from exponent ia l ly  growing FF' c u l t u r e s  i s  a2d.ed. The c h a r a c t e r i s t i c s  
of EF c e l l s  arid t h e i r  s e c r e t i o n  p r o d w t  are summarized i n  Table I. 

The IgG product  s e c r e t e d  by E F  c e l l s  has  been i s o l a t e d  and p u r i f i e d  us ing  an  
a n t i - I &  a f f i n i t y  column. 
p r o t e i n  was used  t o  prepare  an  a n t i - i d i o t y p i c  a n t i s e m  i n  rabbits ( D r .  Alan Solonon's 
l a b o r a t o r y ) .  
t h e  v a r i a b l e  (ant igen-binding)  pcxt ion  c , f  f he I& mo3 e c d e  and, t oge the r  wi th  comer-  

- -  

The monoclonal na tu re  of t h e  BF c e l l s  is  
. 

11, r:m d l o t y p e  rm(3). (Allotypc spe- 

Environmental agents  i n t e r f e r i n g  

Under optimum cond i t ions ,  t h e  

BF' c e l l s  can be cloned i n  s o f t  a g a r  wi th  e f f i c i e n c i e s  of up t o  5O%, bu t  o n l y  when 

A F (ab ' )2  product  prepared by peps in  d i g e s t  of t h e  BF I& 

This  ant iserum provides  a s p e c i f i c  p r G h  t c  investigate charg;es induced i n  
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c ia l  anti-human IgC a r t i s e r a  (which have s p e c i f i c i t y  f o r  the  y heavy cha in  cons tan t  re- 
g i o n s ) ,  provide a means cf d e t e c t i n g  s e r o l c g i c a l l y  s t r u c t u r a l  a l t e r a t i o n s  i n  t h e  I& 
mclecul e. 

The c h a r a c t e r i s t i c s  and var ia tLon of I& s e c r e t i o n  t y  EF c e l l s  have been in t ens ive -  
l y  s t u d i e d  i n  our l abora to ry  over t h e  pa.st y e a r  ucder  temporary suppor t  provided t y  t he  
Oak Ridge National  Labora tor ies '  Explora tory  S t u d i e s  prc,gran. The o r ig ina l .  purpcse was 
t o  t e s t  t h e  f e a s i b i l i t y  of t h i s  c e l l  systerr: as a human c e l l  mutagenesis system (using 
I& as a mutat ion marker) t o  a s say  mu-enicity of coa -de r ived  chemicals.  The r e s u l t s  
of t h i s  s tudy  r e l e v a n t  t o  the  p re sen t  app l i ca t ' i on  w i l l  be b r i e f l y  summarized. 

l i n e  was c a r r i e d  ou t .  
c u r r i n g  changes i n  I& product ion r e l a t e d  t o  t h e  growth cycle  of t h e s e  c e l l s ,  
d a i l y  complete medium changes, c u l t u r e s  grow t o  a dens i ty  of % 2 x lo6 ce l l s /ml  and then 
e n t e r  a growth p l a t e a u  ( see  Graph 1). 
t o  a m a i m u m  of 0.3 - 0.4 ~g/xrJ and t h e r  d e c l i n e s ,  t h i s  decl ine c c c u r r i n g  as t h e  c e l l s  
r each  a d e n s i t y  of  1 .5 - 2.0 x 106/d . (Graph 2 )  . The p e r c e r h g c  cf  I&-producing c e l l s  
(determjned by cytoplasmic s ta ining)  shows a s i m i l a r  p a t t e r n ,  u sua l ly  dec l in ing  a s  c e l l s  
enter p l a t e a u  phase (Graph 2)  . 
(Graph j.), it is a.pparert  t h a t  I& s e c r e t i o n / c e l l  d i m i n i s k s  even be fo re  t h e  c u l t u r e  
enters a. growth p1.ateeu. S i r n i l a -  p a t t e r n s  cf immnoglcbul in  syn thes i s  hEse beer. re- 
po r t ed  i n  o t h e r  lymphcblastoid l i n e s  (8, 12, 13) m QuarititatAve a s say  of i n t r a c e l l u l a r  
I&, af te r  cell l y s i s ,  confirmed cy toplasmic  s t a i n i n g  results, i n  t h & t  t h e  ac tua l  a n o u t  
of I& p e r  c e l l  (averaged over a large p c p u l a t i o n  of c e l l s )  decreased t o  approxima,t,ely 
h a l f  i ts i n i t i a l  val-ue as c e l l s  entered growth pla . teau (Graph 4). Graph 4 a l s o  demcn- 
str&tes t h a t  t h e  major p r t i o n  of I& s y n t h e s i z e d  by EF c e l l s  is s e c r e t e s .  These r e -  
s u l t s  have beeL repea te?  n u l t i p l e  times, wi th  differer t  pzssages of BF c e l l s ,  and sug- 
g e s t  a rerrarkable s t a b i l i t y  f o r  t h i s  phenomrrcn. 

The r e c u r r i n g  v a r i a t i o n  i n  IgCt s e c r e t i o r ,  s ee r  as the  c e l l s  cyc le  through exponer- 
t i a l  and  p l a t e a u  phase growth is u n l i k e l y  t o  be due t o  exhaustion of some requi red  pre-  
cursor f o r  IgG i n  t h e  c u l t u r e  medium o r  accumulat ion of tox ic  o r  i n h i b i t o r y  products ,  
s i n c e  complete medium changes are made d a i l y .  A l t e r n a t i v e l y ,  t h i s  v a r i a t i o n  may r e s u l t  
from va ry ing  expression of IgG produc t i cn  by different  c e l l  pcp;lat.iocs i n  thebe cul- 
t u r e s  ( E.. g . lynphocytes  i - r d  p3 E sma c e l l s  ) 

producing clone eventuz l ly  convert  t o  a c e r t a i n  percentage of IgG-producing c e l l s ,  o r  
v i c e  v e r s a ? ) ,  we s t u d i e d  t h e  growth ra te  and IgG product ion of var ious  c lones  of BF 
cells. We found t h a t  although t h e r e  were l a r g e  g u a n t i t a t i v g  cffererxes i n  IgG secre-  
t i o n ,  t h e  percentage of c e l l s  containiRg I& WE.:: s ' i n l l a r  fcr  a l l  c l cnes  asmSned. (Graph 
5) . Furthennore,  t h e  resdts i n d i c a t e  the e:cGuisite s e n s i t i l i t y  of t h e  in:] U J 0 f l U O r F : S -  
cent a s s a y  f o r  i n t r a c e l l u l a r  T&, i n  thzt c u l t u r e s  produ.ciw on ly  s m d . 1  amounts of IgG 
( i . e .  c lone  25) still show a l a r g e  pe rcen tage  of  IgG synthesizing c e l l s .  
g e s t s  t h a t  t h e  decreases  i n  percentage  of IgG-pos i t ive  c e l l s  seen i n  p l a t e a u  phase BF 
cultures may r e p r e s e n t  ac tua l  c e s s a t i o n  of I& s y n t h e s i s  i n  c e r t a i n  ce l l s ,  No clones 
could  be found t h a t  were nega.t.iv6 f o r  I& produc t i cn .  These r e s u l t s  suggest consider-  
a b l e  v a r i a k i l i t y  i n  r e g a d  t o  q u a n t i t y  cf I& pro6uct ion  mlorg t h e  EF c e l l s ,  bu t  t h z t  
a lmost  all BF c e l l s  a r e  capable cf  such p ix .2~ic t ion .  
u n l i k e l y  as ~ r i  Explanation f o r  v a r i a t i o n  i n  I& prochct icn .  

i nc lude :  
13); when BF c e l l s  e n t e r  p l a t eau  phase,  t h e y  do n o t  ( o r  only slowly) t r a v e r s e  t h e  c e l l  
c y c l e ;  (2 )  I& product ion a c t s  as a feedback r e p r e s s o r  of IgG syn thes i s ,  s o  t h a t  when 
l e v e l s  of  I& i n t r a -  o r  extracellula. .!y rea.& a certain l eve l ,  IgG s y n t h e s i s  and/or 

Charac t e r i za t . i on  of t h e  p a t t e r n  of s y n t h e s i s  and sec re t ion  o f  IgG by t h e  BF c e l l  
An apparent  v a r i a b i l i t y  i n  I& sec re t ion  was a r e f l e c t i o n  of r e -  

With 

During t h i s  p c w t h  cycle ,  s e c r e t e d  I& increases  

If IgG s e c r e t i o n  is ca1.culated cn a p e r  c e l l  basis 

To determine t h e  i r h e r e n t  v a r i a b i l i t y  of i n d i v i d u a l  3 c e l l s  (e .g .  would a non- 

This  sug- 

Therefore,  c e l l  het .erogenei ty  see r s  

P o s s i b l e  explana t ions  f o r  t h e  a l t e r a t i o n s  i n  IgG production dur ing  growth cycle  
(1) I& production occurs  only  d u r i n g  certain phases o f  t h e  c e l l  cycle  (8, 
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s e c r e t i o n  i s  i n h i b i t e d .  We have o n l y  t egun  t o  i n v e s t i g a t e  t h e s e  p c s s i b i l i t i e s .  ?;-,ne- 
t h e l e s s ,  CUT data i n d i c a t e  t h e  p o t e n t i c  x e f u l n e s s  of t h e  Br" c e l l  s2stem t o  inves- l -  
gate e x t e r n a l  p e r t u r b a t i o n s  of 1 6  p r z d x t i o n .  

r;.i:4qens o r  I& p3-c duct ion  h j  EF c e l l s .  
p r rv ided  a time pe r iod  t o  permit  recclvtry fron: t h e  to,:ic e f f e c t  c f  the .zZded cheK22al 
du r in& xihich the c e l l  ccunt  and v i a b i l i t y  WEE. monitored d z i l y .  Fol1ow:nc r c c c v t r j  of 
v i a k . i l i t y ,  a l t e r a t i o n s  i n  I& productiofi were monitored c v e r  s t  least  one conple te  
grcwth cyc le .  

chemotherapeut ic  agent  which i s  a known animal carc inogen  and h a s  been suspec ted  t o  be 
a human mutagen/carcinogen (1L) 
t o  approximate human t h e r a p e u t i c  doses .  Following a s i g n i f i c a n t  c y t o t o x i c  effect, t h e  
t r e a t e d  BF cel ls  even tua l ly  recovered full v i a b i l i t y ,  with t h e  fo l lowing  changes in 
p r o p e r t i e s :  
doubl ing  t ime of ce l l s  t r e a t e d  wi th  4 x lO'7M melphalan, from approximately 24 hr t o  72 
h r .  (Graph 6);  (b) a q u a n t i t a t i v e  decrease  i n  IgG product ion ,  whether as measured -cy 
secreted I& ( p g / m l  o r  ug/ce l l )  o r  by percentage  of ce l l s  con ta in ing  cytoplasmic 1 6  
(Graph 7 )  

gu i sbb le  q u a n t i t a t i v e l y ,  from u n t r e a t e d  c e l l s  (va ry ing  from a minimum of one-half t h e  
va lue  of c o n t r o l  cultures t o  a m a x i m u m  of one-eighth) .  
f l u c t u a t i o n  i n  I& product ion  wi th  c e l l  growth was not  seen  i n  t h e s e  a l t e r e d  cells. 

I&-prcdccinG ce3E  were generzted 'l;y mc*lphd-a.r! t . rez . tn  t?Dt.. F.e::rlts cf t h i s  q x r 5 . e n t  
i n d i c a t e d  that  a l l  c lones  s t u d i e d  were capable  of  IgG product ion  (as d e t e c t e d  by posi-  
t i v e  cy toplasmic  f luo rescence )  bu t  t 'nat  such c lones  were producing less Ig€ than x- 
treated cells. Scbarff (personal  conmunication) h a s  found a s k i l a r  phenomenon i r  h i s  
mouse myeloma c e l l  system. It thus  seems u n l i k e l y  t h a t  "nonproducing" c e l l s ,  i n  :he 
sense of a b s o l u t e  i n a b i l i t y  t o  syn thes i ze  I&, were s e l e c t e d  by melphalan treatmer.:. 

Immunological a n a l y s i s  of IgG produced by melphalan-treated ce13 fi $I,(' red. rewal -  
altered ("mutated") IgG molecules,  as d e t e c t e d  by  p r e c i p i t i n  r e a c t i o n s  wi th  a v a r i e t y  
of anti-IgG a n t i s e r a ,  i nc lud ing  t h e  a n t i - i d i o t y p e  a n t i s e r a .  

a s s a y s ,  w a s  a l s o  used t o  treat  t h e  3F c e l l s .  
tecrezses ir 18, s e c r e t i o n  ccrrpra?le t c  t h a t  f c w d  f.r t h e  case cf niclptd.an,  hvhF25 low- 
e r  ('cses t%d no t  co r i s i s t en t ly  a l t e r  IgC, p roduc t i cn  f r cm cor:trc..l l e v e l s .  When F I X -  
t r e t r d  FF ce l l s  &ere mc;nitoi . td ovkr i? cmp1et.e growth c ~ c l e ,  a 1FrGtl:ened pcpulat ion 
doubl ing  t ime was m t e ?  (e .g .  Q 72 h r s ) ,  as &as d a o  seen with melpk-alan-treated ce l l s .  
I& produc t ion  t:vent,~aI.ly rcccvt red  t o  &pprc,ximately 1/2 - 3/4 levels i n  con?.rrJ c-A- 
t u r e s .  

The results a t t a i n e d  t o  date suggest that a l t e r a t i o n  of IgG product ion  by chez ica l  
a g e n t s  does  occur  i n  BF c e l l s ,  and, i n  fac t ,  t h a t  t h i s  cel lular  func t ion  responds with 
h i g h  s e n s i t i v i t y  t o  chemical i n s u l t s .  Both melphalan and MNNG a r e  direct  a c t i n g  chemi- 
cal a g e n t s ,  i .e . ,  they do n o t  r e q u i r e  metabolic/enzymatic a c t i v a t i o n  t o  cova len t ly  bind 
t o  cel lular  macromolecules. 
t h e  requisite enzymes t o  metabol ize  chemicals  ( such  as polynuclear  aromatic  hydroczr- 
bons) t o  reactive me tabo l i t e s ,  
dicated t h a t  BF ce l l s  do n o t  have c o n s t i t u t i v e  a r y l  hydrocarbon hydroxylase a c t i v i t y ,  
arid tkat treatment .  with an zpprcpriat ,e Fnduccr [E(a)P] does n o t  r e a l t  i n  s i g n i f i c a n t  
enzyrrie a c t i v i t y .  

Experiments k e r c  a1 s o  undertaker. t o  i n v s s t i g z t e  t h e  e f f e c t  of v a r i o u s  ck.en:.cc;l 
The pi-ccedure f c x  treat,nm.: o f  t h e  Z.F c C l s  

The f i i r t  chern4.cal s tud ied  WE.:; the phenyla lan ine  mustard,  melphalan, a cancer 

The amount o f  d r u g  chosen was based on that estisated 

( a )  a ::!GI i . f j  car,t., r e p r c d u c i U e ,  pnc: a p p x e c t l y  stable change i n  populat ion 

The decrtase i n  s e c r e t e ?  lgC f w m  rnelphalan-treated BF c e l l s  was r e a d i l y  d i s t l n -  

Furthermore,  t h e  charactefistic 

Melptds .n- t reet .ed cells w - r e  cloned i n  m i c r o t i t e r  wells, t c  2.E:termine whether non- 

N-methyl-N' -nitro-N-nitrosoguanidine (MNNG) , a commonly used mutagen f o r  i n  i r l t ro  
Poses of P . N K  of 0.2 *g/rJ p-cc?.uced l n i t i a l  

As y e t ,  w e  have not  e s t a b l i s h e d  whether t h e  BF c e l l s  have 

Pre l iminary  s t u d i e s  with benzo( a)pyrene [ B( a)P) have i n -  

1 0 - 1 9 0 1 1  
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Table I 

Bio log ica l  and Chemical P rope r t i e s  of 
Hun&? Lymphoblastoid Cel l  Line BF. 

- 
Morpho 1 ogy 

Light  and E lec t ron  Microscopy: Lymphoblasts, lymphocytes, plasma c e l l s  

C e l l  Markers 
Sheep RBC Rose t t e s  - Negative 
EAC Rose t t e s  - Negative 
Cel l  Membrane Imunog lobu l in  - +: y ,  K ;  Negative: 
CytoF;asmic Irnurio5lobulln - +: 

Non>hzgocyti c 

EB Virus  Product ion - Sega t ive  
T-mor igen ic i ty  i r .  Nude Mcuse - Negative 

a ,  p, 6, E, A. 
y ,  K ;  Kegative: a ,  p, 5, E ,  A .  

ESNA - + 

1 ,mwoglobu l in  Products  
IgG - heavy cha in  y, subc la s s  yl, Gm a l l o t y p e  Gm (1) 

Unique Fea tu res  
*. human Cel l  Line 
Monoclonal IgG Products  ( r a re  l i g h t  cha in  t y p e )  
Growth Rate 
High Cioning Ef f i c i ency  i n  Agar 
S t a b i l i t y  of IgG Froduct ion 
ApDarently Immortal 
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Morphclogy of BF Cells 

Fig. 1 Photomicrograph (250 x )  
stained with Wright's s t a i n  

Immunohistochemistry of BF Cells 

Fig .  3. Fluorescence Uicrograph of 
Fixed cells stained with FITC-conju- 
gated antihuman IgC ( T )  antisera (450 x) 

Fig. 3B. Fixed cells stained with 
FITC-conjugated antihuman kappa 
antisera (450 x) 
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-1 2 5 t 5 

DAYS 

Graph 4 
Comparison of secreted and intracel- 
l u l a r  IgC in BF cells as a function 
of growth. I& was assayed by quan- 
titative immunofluorescence. Complete 
medium changes were made daily. 

Graph 5 
Comparision of secreted IgG with the 
percentage of cells containing cyto- 
plasmic IgG in various clones of BF 
cells. IgG-positive cells were as- 
sayed by f low cytometry, and secreted 
IgG was assayed by quantitative immuno- 
fluorescence. 
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Ef fec t  of varying concen t r a t ions  of Melphalan on v i a b i l i t y  and growth of 
RF c e l l s ,  
Complete daily indiw. changes were mede on c u l t u r e s  rreated Fiith 4 x lC-? 
M Pelphalan fo l lox ing  v i a t i l i t y  recovery.  

Cultures tre.ated wi th  8 x M Melphalan d i d  n c t  recover .  

0 4 8 i6 20 24 28 32 
TIME (aoys; 

Graph 7’ 

A l t e r a t i o n  of I& s e c r e t i o n  and percentage  of c e l l s  conta in ing  cytoplasmic 
IgG a f t e r  Melphalan t rea tment .  Cell  densi ty/day of c u l t u r e  shown i n  Graph 6. 
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D. Methods 

Assays of 1 6  Synt?.ssis , Secre5l;n 2nd S- r u c t u r e .  

d i s t i l l e d  water, l y z p h i l i z e d ,  and r e c o n s t i t u t e d  w i t h  water  t o  1/5 - 1/10 t h e  o r ig3a . l  
volume, The amount o f  I& i n  ti s u i t a b l e  a l jqciot  of this sCL:t.ion i s  det,enn.i!trd by 
u s ing  a s o l i d  phase immunofluorescence a s s a y  s p e c i f i c  f c r  human IgG (Immunofluor I&-- 
Biorad  Labora to r i e s ) .  
l y  as l i t t l e  as 50 ng of I& and t o  be l i n e a r  over a range  of 50-800 ng of I&. F e t a l  
calf serum, even i n  l a r g e  excess ,  does no t  i n t e r f e r e  i n  t h e  a s s a y ,  nor  do f ree  It.alxI~ 
l i g h t  cha ins .  

BF c e l l s  a r e  c o l l e c t e d  and f ixed f o r  20 min. @ 
O°C i n  equal volumes of 1% g l y c e r o l  i n  phosphate  buffered s a l i n e  and ace tone  ( 15). 
After f i x a t i o n ,  ce l l s  can be s t o r e d  f o r  2-3 wks @ 4 O C  be fo re  a n a l y s i s  without  s i g n i f i -  
c a n t  d e t e r i o r a t i o n ,  i f  necessary,  A n  a p p r o p r i a t e  a l i q u o t  (no  less t h a n  5 x lo5 o r  more 
t h a n  1 x lo6)  of c e l l s  is s t a i n e d  wi th  a 1:20 d i l u t i o n  of FITC-conjugated a t i -human  
IgG r a h t i t  antibody (Hyland. Diagnos t ics ,  'Inc.) f(8r 45 min. @ 37OC and analyzed by c l t c -  
f luorc-met ry .  
r e s c e n t  s t a i n i n g  of t h e  c e l l s ,  The Hyland an t i se rum weakly c r o s s - r e a c t s  with fe ta l  calf 
serum and  is  r o u t i n e l y  aDsorbed wi th  0 .1 volume of f e t a l  calf  serum befo re  use.  
f l u o r o m e t r i c  a n a l y s i s  of t he  percentage  of f l u o r e s c e n t  c e l l s  i n  t h e  t o t a l  c e l l u l a r  popu- 
l a t i o n ,  u s i n g  a Biophysics Model 4800A Cytofluorograph wi th  a 10 mW Argon laser, has  
proven t o  be a major imporvement over  f luo rescence  microscopy, i n  terms of q u a n t i t a t i o n  
and a s s a y  time. 
graph ,  s o  t h a t  only those  c e l l s  are counted as p o s i t i v e  which produce a n  e l e c t r o n i c  
signal (p ropor t iona l  t o  t h e i r  f l uo rescence  i n t e n s i t y )  greater t h a n  t h e  s i g n a l  from 
f ixed cel ls  which are  unstained,  and which show a small degree  of f luo rescence  from 
v a r i o u s  r.c>mal c e l i  c o n s t i t m r t s .  L"si.ng t h i s  technique,  it is  p o s s i b l e  t o  count t r i p l i -  
cate sam.ples of 1GC.C c e l l s  each i n  less th6.r. 30 seccnds.  The ins t rument  au tomat ica l ly  
d i s p l a y s  t h e  percentage of c e l l s  which f l u o r e s c e  a tove  t h e  background th re shc ld .  Ap- 
proxima.te c c r r e l a t i o n c  betweer cy tof luorometry  and f l u c r e s c e n c e  microscoFy have teen 
found i n  our l a b o r a t c r y ,  but l ack  of aFy real o b j e c t i v i t y  i n  microscopy makes quant i -  
t a t ive  comparisons d i f f i c u l t .  

It shcu ld  -DE p c s r i b l e ,  using a r . w l y  a c q r i r e d  argcr,-ion laser,  which produces ap- 
p x i m a t e l y  1.0 watt of op t i ca l  poKer a t  486 m ,  t o  o h t a i n  accurat .e f luoreEcence i n t e n -  
s i t y  d i s t r i b u t i o n s  (by pu l se  he igh t  a n a l y s i s )  f o r  any g iven  popula t ion  of s t a ined  c e l l s ,  
and  t o  rela.te t h i s  CZstrihutior.  t o  c e l l  s ize,  o r  o the r  ce l lu la r  parameters .  We then 
w i l l  be able t o  d i v i d e  a pcjpulation cf c e l l s  i n t o  2 i s c r e t e  EuhpopLilations of d i f f e r i n g  
f l u o r e s c e n c e  i n t e n s i t i e s .  The a v a i l a b i l i t y  t o  us  of a c e l l - s o r t i n g  f a c i l i t y  ( c u r e n t l y  
being const.ructe?. i n  t h c  Eiology C i v i s i o n  of  ORNL) ,  w i l l  pe rmi t  i s o l a t i o n  of subpopula- 
t i o n s  of d i f f e r i n g  i n t e n s i t i e s  and seek subpopula t iocs  car! be d i r e c t l y  s t u d i e d  f o r  t h e i r  
c a p a c i t y  t o  synthes ize  I&. 
ca-. be i n v e s t i g a t e d  . 
Alan Solomcm), i t  w i l l  be poss ib l e  t o  determine t h e  percentage  of BF c e l l s  prod.ucing 
only t h e  r: l i g h t  chain,  
thus be mcmitcred. 
on t h e  s i n g l e  c e l l  l e v e l ,  c e l l s  p rceuc ing  both  complete I& ar?d f ree  K l i g h t  cha ins ,  
b u t  t h e  flok- cytometry/cel l  s c r t i n g  f a c i l i t y  of Dr. Paul  Mullaney (Biology Divis ion)  
w i l l  make such nwisl l rments  f e a s i b l e .  

va ry ing  l e v e l s  of a s soc ia t ed  i n t e r s i t y  car. be made wi th  ac tua l .  q u n t i t i e s  of  I& con- 

(1) Sec re t ed  I&. Medium from c u l t u r e s  of 5 c e l l s  is  c o l l e c t e d ,  d i a lyzed  aga ins t  

I n  our l a b o r a t o r y ,  t h i s  a s say  has  been found t o  d e t e c t  accura te -  

(2 )  I n t e r n a l  (Cytoplasmic) IgG. 

The above condi t ions  have been e s t a b l i s h e d  as opt imal  f o r  maximal f luo-  

Cyto- 

Appropriate e l e c t r o n i c  windows can be e s t ab l i shEd  i n  t h e  cytof luoro-  

A l t e r a t i o n  of such subpopulat ions by environn e r t a l .  agect.s 

Using a n t i s e r a  s p e c i f i c  f o r  " f r ee"  human kappa cha ins  (k ind ly  provided by D r .  

A l t e ra t ion  of percentage  dur ing  env i rocnen ta l  p e r t u r t a t i o n  czn 
It w j l l  not  be pcss i .b le  w i t h  our  c u r r e n t  c j to f luo rograph  t o  d e t e c t ,  

F i n a l l y ,  d i r e c t  comparisons of pe rcen tage  of cy toplasmica l ly  s t a i n e d  ce l l s  and 
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t a i n e d  i n  a g iven  p o p 2 a t i c n  of c ; l i l s .  Cel ls  w i l l  be c o l l e c t e d ,  washed thoroughly arxl 
l y z e d  by 9 s n o t i c  shcck x ~ d  s m i c a t i e n .  
u s i n g  t h e  Imnunofluor assay. 

( 3 )  Sur face  (Membrme) I&. 
w i t h  Hyland FITC-conjugnted an t i - IgC an:isera (1:lC d i l u t i o n  i n  P3S) f o r  b5 min. @ 4%. 
Following washing i n  P 3  conta in ing  0.02% sodium a z i d e  t o  prevent  capping, the  percent -  
age o f  c e l l s  with s u r f a c e  IgG can be assayed by cytof luorometry.  
t o  a s s a y  surface I& by t h e  above procedure (us ing  t h e  s m a l l  10 mW laser) have ind ica t ed  
a maximum of lZ-l5% of t h e  c e l l s  f l u o r e s c e  above backgrcund l e v e l s ,  a l t hcugh  the mcrt 
usual n m t e r  is 2-4$. l4ar.y cf t h e s e  poEl t ive  c e l l s  are not  wel l - separa ted  i n  e l e c t r o n i c  
s i g n a l  from t h e  background th re sho ld .  The c se  of t h e  h igher  power ai-gon-ion laser 
shou ld  c b v i a t e  t h i s  d i f f i c u l t y .  
c h a i n s  a n  also be d e t e c t e d  ky cytof lucrometry ,  u s ing  r eagen t s  and procedcres  previous-  
l y  d e t a i l e d .  

Our ant i - idioty-pic  antisera s p e c i f i c  

Appropriare  a l i q u c t s  w i l l  be assayed f o r  1 6 ,  

EF c e l l s  a r e  c o l l e c t e d ,  washed i n  PBS, and s t a i n e d  

Previous  experiments 

The percentage of c d l s  with membrane-bound K l i g h t  

(4) Immunological Probe of  I& S t r u c t u r e .  
f o r  V r eg ion  de terminants  of t h e  BF I& p r o t e i n ,  and commercial a n t i s e r a  (Hyland) spec i -  
f i c  f o r  t h e  C reg ion  of human I& w i l l  be used i n  s tandard  immune p r e c i p i t i n  assays  t o  
de te rmine  whether t h e  I& produced by BF c e l l s  exposed t o  environmental  agen t s  r e a c t s  
s i m i l a r l y  t o  IgG f r o n  con t ro l  c e l l s .  Since changeE i n  F8F IgC s t r u c t u r e  could cccur  ant’ 
r o t  affect i t s  immuncrtact ivi ty ,  we w S l l  a l s o  ccrcparc. t y  i s c e l e c t r i c  focus ing  i n  poly- 
acry lamide  gels  I& i s c l a t ec ‘  from p e r t w b e d  an? c o n t r c l  cu l tu re s .  

P ro toco l  f c r  I n r n o t o x i c i t y  Assay 

BF c e l l s  w i l l  be grown i n  R P N I  1640, supplemented with 10% f e t a l  calf serum and 
a n t i b i o t i c s ,  and at t h e  time of t e s t i n g  w i l l  be d iv ided  i n t o  2 i d e n t i c a l  c u l t u r e s .  Cne 
of t h e  c u l t u r e s  w i l l  ‘c-. exposed t o  va r ious  concent ra t ions  cf t h e  envi ronmentd  agent  sf 
int.erest, wki le  t h e  c t h e r  c u l t u r e  ( l a c k i n g  t h e  ager.?) xi11 be t r e a t e d  i n  thc: EZJT.E: nar.r5r 
( i . e , ,  with ec lven t ,  r;llcrcscmal erzymes, e t c . )  
(mcni tored by  daily ce l l  c0ur.t ard c e l l  viaFi1it.y , both azsayed ky cytof lucrometry ) , 
IgG prodcc t ion  f r o n  per turbed  and c o c t r o l  BF c e l l s  k i l l  be compared t y  methods detailed 
above.  

Envi rcnnentd .  = P ~ . = S  t c  be t e s t e d  first 
l i g h t ,  i o z i z i n g  r a?La . t im ,  arid d i r e c t l y - a c t i n g  ( t h c s e  nc t  r e q c i r i n g  m t a h o l i s m  t o  exer: 
t o x i c  e f f e c t s )  chemicals.  
t i v i t y ,  it w i l l  t e  n e c e 5 s c q  t o  USE a cel l -mediated car microscmal. homogena.te-me,diated 
assa.y t o  a c t i v a t e  mar.y ckerrdcals cf enviror.n.t!r.tal. concern. I n  t h e  case of BF ce l l s ,  
t h i s  can be r a t h e r  e a s i l y  accomplished, s i n c e  they  do not  a t t a c h  t o  p l a s t i c .  Rat l i v e r  
ce l l s  (provided t o  our l a b o r a t o r y  by I. B. Weinstein) o r  hamster embryo f i b r o b l a s t s  
w i l l  be grown on p l a s t i c  p l a t e s ,  and BF ce l l s  p l u s  t h e  chemical of i n t e r e s t  can then  t e  
add&. Follcwirle; expcjziire, EF c e l l s  car. l e  removed from the  a t t ached  metabol iz ing c e l l  
l a y e r  by washing and t r i t u r a t i o n .  If it seems d e s i r a b l e  t o  use a t o t a l l y  human system, 
s o  t h a t  any unique me tabo l i t e s  produced by human enzymes can be assayed,  human ce l l s  
such  as s k i n  f i b r o b l a s t s  could  be used as t h e  a t t a c h e d  metabolizing l a y e r .  Al te rna t ive-  
l y ,  microsomal homogenates from human c e l l s  o r  c e l l  l i n e s  known t o  c o n t a i n  metabol iz ing 
enzyme a c t i v i t i e s  could be added, a long  wi th  chemicals of i n t e r e s t ,  t o  BF ce l l  cultures. 

When p e r t u r b a t i o n s  of IgG product ion  i n  response  t o  an  environmental. agent  a r t  
s e e n ,  it w i l l  be important  t o  i d e n t i f y  t h e  nature of t h e  l e s i o n  r e s p o n s i b l e  f o r  t h i s  
change. For  in s t ance ,  i f  IgG s e c r e t i o n  is  diminished,  is  t h i s  due t o  decreased synthe-  
sis, o r  decreased r a t e  of s e c r e t i o n ,  o r  both f a c t o r s ?  Radio labe l l ing  of BF IgG by 
using r a d i o a c t i v e  amino acids i n  c u l t u r e  medium la.cking these  s p e c i f i c  amino acids w i l l  

Following recovery from any t o x i c  e f f e c t  

C e l l s  w i l l  be FE.ssaged t’nrcEgh a t  least 2 growth cgc les  f o r  t h e s e  conparisons.  
incl*Jde d i r ec t - ac t ing  i n s d t s  suck as L”, 

If t h e  EF ce l l s  l a c k  s i g n i f i c a t .  cytockzcne P430 enzynie E C -  

. .-. 
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p e r n i t  cornparat i v e  S t U i ! i Y C  c f  1 6  ~ y v r i k e ~ i ~  ir ccn t r .  1 and p c r t b r t e d  cel ls .  
ies w i l l  be f a c i l i t a t e d  t j r  ? z e  f a c t  that 16% can 5e r a t h e r  s i r p l y  :solated from o the r  
cellular p r o t e i n s  by affinit:: chronatography,  using an a n t i - I &  a f f i n i t y  column. 

F u t u r e  d i r e c t i o n s  of invest iga?i icn wcLid involve s t u d i e s  d i r ec t ed  at determining 
t h e  subcellular s3t.t s 3t kl:iC! ini r !  n c t o . i c a r 1 . L  e: ~r t  t h e i r  de le te?  ICLS e f f w t s ,  

T b c i ~ e  stud- 

Safety P r e c a u t i o n s  

All ce l l  c u l t u r e  work w i l l  be c a r r i e d  o u t  i n  BioHazard hoods. Lasers i n  t h e  cyto- 
f luo rograph  axe t o t a l l y  enclosed, and circuit-breaking i n t e r l o c k s  are  on t h e  instrument  
case. Weighing, handl ing and d i s p o s a l  of ca rc inogen ic  o r  o the r  hazardous chemicals w i l l  
be carried o u t  accord ing  t o  safe ty  procedures  and p ro toco l s  e s t a b l i s h e d  by ORNL and t h e  
Biology Div i s ion .  
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IMMUNOGLOBULIN ( IgG)  PRODUCTION AS A MARKER FOR 
MUTAGENESIS: COMPARISON OF CHEMICAL A C T I V I T Y  IN 

LYMPHOID CELLS OF HUMAN AND MOUSE O R I G I N  

G.D. G r i f f i n ,  B . A .  Owen, G.D. N o v e l l i ,  
A. Solomon, and P.J.  Walsh 

H e a l t h  and Safety  Research and B i o l o g y  D i v i s i o n s  
Oak Ridge N a t i o n a l  L a b o r a t o r y  

Oak Ridge, TN 

The p a t t e r n  o f  s y n t h e s i s  and e x c r e t i o n  o f  IgG by a 
hmman lymphobl a s t o i d  c e l l  1 i n e  (BF)  has been 
i n v e s t i g a t e d  t o  de te rm ine  t h e  a c t i o n  o f  mutagenic 
agents i n  a l t e r i n g  IgG s t r u c t u r e ,  syn thes i s ,  o r  
s e c r e t i o n .  
cy top lasmic  s t a i n i n g  w i t h  fl uorescein-conjugated 
a n t i - I g G  a n t i s e r a ,  and e x c r e t i o n  o f  IgG i n t o  
c u l t u r e  mediun w a s  determined by f l  uoremetry us ing  
Immunof luor Beads ( B i o  Rad). Bo th  IgG syn thes i s  
and e x c r e t i o n  a re  a l t e r e d  i n  a r e p r o d u c i b l e  
f a s h i o n  by t h e  g rowth  c o n d i t i o n  o f  t h e  
lymphobl a s t o i d  c e l l  s. Maximal s y n t h e s i s  and 
e x c r e t i o n  o u ’ u r  w i t h  exponent i  a1 growth.  However, 
when t h e  c e l l s  reach a growth p l a t e a u  phase (no  
n e t  i n c r e a s e  i n  c e l l  n m b e r ) ,  IgG s y n t h q s i s  and 
e x c r e t i o n  d e c l  i n e  drarnat ica l  ly. Treatment w i t h  
me1 phal an, a cancer  chemotherapeut ic agent and 
p u t a t i v e  mutagen, r e s u l t s  i n  e x t e n s i v e  c e l l  death. 
F o l l o w i n g  removal o f  t h e  drug, t h e  remain ing 
v i a b l e  c e l l s ,  i f  a l l owed  t o  grow, demonstrate 
a p p a r e n t l y  permanent a1 t e r a t i  ons i n IgG metabol i srn 
i n c l u d i n g  (1) a r e d u c t i o n  i n  t h e  e x c r e t i o n  o f  IgG 
t o  1/8-1/4 t h e  l e v e l s  i n  un t rea ted  c u l t u r e s ,  and 
( 2 )  a decrease i n  t h e  percentage o f  
c y t o p l a s m i c a l l y  I g G - p o s i t i v e  ( i .e. ,  IgG- 
s y n t h e s i z i n g )  c e l l s  t o  approx imate ly  1 /2  t h e  l e v e l  
i n  c o n t r o l  c u l t u r e s .  I n  t h i s  system, we have n o t  
d e t e c t e d  a change i n  IgG s t r u c t u r e ,  as assyed f o r  
by v a r i o u s  i m m u n o l o g i c a l l y - s p e c i f i c  an t i se ra .  
(Research sponsored by t h e  O f f i c e  of  H e a l t h  and 
Environmental  Research, U.S. Department o f  Energy 
under c o n t r a c t  W-7504-eng-26 w i t h  t h e  Union 
Carb ide Corpo ra t i on . )  

IgG s y n t h e s i s  w a s  d e t e c t e d  by 
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assay. The percentage of cytopla;mic+ cel ls  and  amount of 
IgG excreted per ml of  culture medium increase i n  exponen- 
t i a l l y  growing cel ls  t o  maximal values of 70% and  2-3  pg of 
IgG/ml, respectively. A t  plateau phase, the percentage of 
cytoplasmic' cells and  amount of  excreted IgG both decline 
to  nearly zero, and this cycle repeats as cel ls  enter 
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concentration of melphalan showed the greatest effects in- , 

cluding: ( 1 )  decrease i n  cell  viabil i ty t o  30%, followed 
by gradua l  recovery; ( 2 )  gradual. decrease i n  percentage of 
cytoplasmic' cells t o  consistent levels of 30%; ( 3 )  ime- 

When cel Is were exposed t o  melphalan 

intermediate concentrations of melphalan showed concentra- 
tion-dependent effects on IgG excretion, b u t  no t  consis- 
tent changes i n  percentage of cytoplasmic' cel ls .  
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CONTROL (31: SYNTHESIS AND EXCRETION OF U&LlJN0GLOBULIM (I& ) 
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€3. Owen,* A .  Lynch," C .  Atchley, '  F. Wz.lsh,-* A .  Solorion and 
G .  D .  Nove l l i .  Heal th  & S a f e t y  Research and Biology Divis-  
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i o n s ,  Oak Ridge Nat iona l  Laboratory,  Oak Ridge, TN-37830. 

lymphoblast  c e l l  l i n e  (BF) prompted s t u d i e s  of JgG c o n t r o l  
mechanisms. C e l l  cul t u r c s  a t  low d e n s i t y  (5x10i ' /ml)  exzre t r  
% 0.3 p g / ~ n l  o f  IgC, and L0-50% of t h e  c e l l s  s t a j n  p w j t i v e l )  
f o r  cy toplasmic  IgG (IgG' 
IgC. The pe rcen tage  of IgC+ c e l l s  and amount of s e c r e t e d  11 
i n c r e a s e  t o  80-905 and 1.5-2.0 pg /ml ,  r e s p c c t i v e l y ,  i n  
e x p o n e n t i a l  growth phase (5x1O5/m1). 
(2x106/ml) i s  approached,  IgC e x c r e t i o n  and IgG+ cells de- 
c r e a s e  t o  0.3-0.5 lig/ml and 15-30%. 
s y n t h e s i s  ( I  of I&+ c e l l s )  and e x c r e t i o n  is apparent ly  not  
due to: (1) d e p l e t i o n  of medium componcnt(s) ;  ( 2 )  differing 
IgG s y n t h e s i s  due t o  c e l l  h e t e r c c e n e i t y ,  s i n c e  c e l l  c 7 ~ r . e ~  
e x h i b i t  t h o  s a r o  y2:tel.n as the  parent, c e l l s ;  ( 3 )  d i f f e r -  
ence? i n  I& s y n t h e s i s  re la ted to c e l l  c : ;~ I ing  i n  pl2!e?~; 
v s  expoi icn t ia l  g r o v t h ,  s i n c e  c e l l  cyclt l  an2 lys i s  j nd j ca',ed 
on ly  smzll dec reases  i n  Fercentzge of c e l l s  pzssjng thrcugh 
S a33 G2 phases  i n  gro;rth p l a t eau .  Avail-able evidence 
sugges ts  e x c r e t e d  IgS a c k s  as a r e g u l a t o r  of lgG s y n t h e s i s  
i n  BF c e l l s .  
(Eesearch sponsored by :lie Of f i ce  of Health and E n v j  ror.- 
meiitsl Research,  U.S. Department of Energy under c o n t r a c t  
W-7405-eng-26 w i t h  t h e  Union Carbide Corporat ion.)  

Ex tens ive  v a r i a b i l i t y  of IgC e x c r e t i o n  by a himan 

wi th  FITC-conjugated a n t i  -hud-.3n 

As growth p l a t e s u  

T h i s  decrease  j n  Is5 
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Cr. Alan Solomon 
2705 Riverside Drive 
knoxvi l le ,  Tennessee 37914 

Dear S i r :  

Subccntract  No. 7080 
- Supfienental - Agreement No. 5 

Referring t o  t h e  subcontract d a t e d  Karch 2 4 ,  1976 cov2ring your ernplcysent t o  
rpnder sdvisory a n d  consul tant  s e n i c e s  t o  Union C a r b i d e  Corporaticn,  Nuclear 
Civ is ion ,  we hereby confirm o u r  understanding t h a t  the  sa id  subcontract s.hall 
be modified as follows, e f f e c t i v e  Azr i l  1 ,  1981. 

The period c f  performnce s h a l l  be extended f o r  a n  additions1 period begir?ning 
April  1 ,  1581 a n d  ending Karch 31, 1982. 

Iq Avticle  ! I1  - Considerat ior ,  F?ra$raph A .  , subdivision ( 1 )  t + e  ccrs idera t ion  
f a r  consul t a r i t  se rv ices  i s  nerebv increased f rom 0:;: HL'XIRED SEVENTY F I V E  i )OLLARS 

- Delete J . r t i c l e s  V-Drawinas , Sketches,  Memoranda, E t c . ,  VI-Copvriaht, a n d  V I I -  
Fatents  i n  t h e i r  e n t i r e t y .  

Celete  A r t i c l e  X l V  - Disputes a n d  s u b s t i t u t e  the  attached new a r t i c l e  t h e r e f o r e .  

The provisions of  the attached E x h i b i t s  1A-Patent R i c h t s  (Short  Form) (5-80)  e n d  
23-il'l;hts I n  Techincal D a t a  (Snort  Fora) (5-80) a r e  hereby nado a part of t h i s  
subcontract 

A l l  other  prDvisions, t e r F j  a n d  ccndi t ions  of the s a i d  subcontract shal l  reaain 
unchanged. 
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