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NATIONAL TOXICOLOGY PROGRAM 
BOARD OF SCIENTIFIC COUNSELORS MEETING 

May 17, 1988 

SUMMARY MINUTES 

The Nat iona l  Toxicology Program (NTP) Board o f  S c i e n t i f i c  Counselors met on 
May 17, 1988, a t  the  Nat iona l  I n s t i t u t e  o f  Environmental Heal th Sciences 
(NIEHS), Research Tr iang le  Park, North Carolina. (Attachment 1: Federal 
Register  Meeting Announcement; Attachment 2: Agenda and Roster o f  Members and 
Expert Consultants.) Members o f  t h e  Board are  Drs. Michael Gal lo (Chairman), 
Richard Griesemer, John L i t t l e ,  Freder ica Perera, Adrianne Rogers, Robert Scala, 
and Arthur Upton. Drs. L i t t l e  and Scala were unable t o  at tend the  meeting. 

I. Report o f  the  D i rec to r ,  NTP: Dr. David R a l l  reported that :  (1) the 
President 's  budaet allowed f o r  about a 2 t o  2 and 1/2 % increase i n  the  NIEHS 
budget f o r  1988: He noted t h a t  funding f o r  cont rac ts  has been l e v e l  s ince 
1982; one e f f e c t  has been decreasing numbers o f  s t a r t s  i n  tox ico logy and 
carcinogenesis studies; and (2) he had t e s t i f i e d  i n  Congress against the  
Boxer b i l l ,  l e g i s l a t i o n  which could pu t  severe l i m i t s  on animal t e s t i n g  and 
would have adverse e f f e c t s  on animal research i n  general. S c i e n t i s t s  should be 
aware o f  such b i l l s  and be w i l l i n g  t o  express t h e i r  s c i e n t i f i c  judgements. 
Also, the  Nat iona l  Associat ion f o r  Biomedical Research can be contacted and be 
very h e l p f u l  i n  p rov id ing  expert  testimony. 

11. Review o f  Chemicals Nominated f o r  NTP Studies: The s i x  chemical 
nominations had been reviewed prev ious ly  by the  NTP Chemical Evaluat ion . . 

Committee (CEC). Chemicals reviewed were anthraquinone, camphor, 1-chloro-2- 
bromoethane, g lyoxal ,  lead oxide (Pbo) , and lead s u l f i d e  (Pbs) . (Summary data 
on the chemicals i n c l u d i n g  CEC recommendations are provided i n  Attachment 3.) 
Dr. Dorothy Canter, NIEHS, Dr. Wi l l iam Allaben, NCTR, and Dr. Janet Haartz, 
NIOSH, CEC members, and Dr. V i c t o r  Fung, NIEHS, NTP Chemical Se lec t ion  
Coordinator, served as resource persons. Board members serve as p r i n c i p a l  
reviewers fo r  one o r  two chemicals, and fo l l ow ing  t h e i r  p resenta t ion  and 
discussion o f  each chemical, motions are made and voted on. Although no t  
present, Dr. Scala had provided w r i t t e n  comments t o  be read a t  the  meeting on 
two chemicals, lead oxide and lead su l f i de .  

The ~ o a r d ' s  recommendations f o r  the  s i x  chemicals are  summarized i n  Attachment 
4. 

111. Overview o f  the  NIEHS D i v i s i o n  o f  Extramural Research and 
Tra in ing (DERT): Dr. Anne Sassaman, D i v i s i o n  Di rec tor ,  sa id  the  DERT has 
r e s p o n s i b i l i t y  f o r  administer ing NIEHS research and t r a i n i n g  grants. Aided 
by the  NIEHS'S Advisory Council, research needs and oppor tun i t ies  are assessed 
and means developed t o  address them. For FY 1988, about $110 m i l l i o n  o r  42% o f  
the  NIEHS budget has been a l l oca ted  t o  the  grants program. She described the  
various k inds o f  grants and commented on the  10 universi ty-based environmental 
hea l th  science centers and the  f i v e  marine and freshwater biomedical science 
centers. The primary areas f o r  support o f  t r a i n i n g  are environmental t o x i c o l -  
ogy, pathology, mutagenesis , and epidemiology/biostatistics . Dr. Sassaman sa id  



t he  major science areas supported were i n  character iza t ion o f  environmental 
hea l th  hazards and mechanism o f  ac t ion  studies w i t h  lesser  support t o  appl ied 
toxicology and biometry. She noted the la rge  extramural emphasis on appl ied 
toxicology through the contracts o f  the D i v i s i on  o f  Toxicology Research and 
Testing. She concluded by discussing a c t i v i t i e s  associated w i t h  the Superfund 
Amendments and Reauthorizat ion Act o f  1986 (SARA) which authorized two new 
grant-supported programs i n  the NIEHS, one f o r  university-based basic research 
and t r a i n i n g  and one f o r  hea l th  and safe ty  t r a i n i n g  o f  workers a t  hazardous 
waste s i t e s  and emergency response personnel. 

I V .  NTP Proposed Plans f o r  Tox ico log ica l  Evaluat ion o f  Ozone: Dr. Gary 
Boorman, NIEHS, sa id  t ha t  ozone had been nominated t o  the NTP by the State of 
Ca l i f o rn i a  and by the Health E f f ec t s  I n s t i t u t e .  I n  the f a l l  o f  1987, the NTP 
Chemical Evaluat ion Committee evaluated ozone and recommended carc inogenic i ty  
studies, a recommendation s ince a f f i rmed by the Board and NTP Executive 
Committee. A group o f  s c i e n t i s t s  met a t  NIEHS, recommending a top exposure 
concentrat ion of one p a r t  per m i l l i o n ,  i n c l us i on  o f  markers o f  lung damage, 
and considerat ion o f  a cocarcinogenesis study using a known pulmonary car- 
cinogen. Dr. Boorman noted t ha t  EPA estimates t h a t  more than a hundred m i l l i o n  
people i n  the U.S. are exposed annual ly t o  l e v e l s  exceeding the EPA standard. 
He sa id  design protocols inc lude three exposure l eve l s  w i t h  the top l e v e l  o f  one 
ppm f o r  durat ions o f  24- and 30-months i n  F344 r a t s  and B6C3F1 mice. 
Add i t iona l ly ,  cocarcinogenesis studies are planned. 

V. Species Corre la t ion i n  Long-Term Carcinogenici ty Studies i n  Rats and 
Mice: Impl ica t ions on Possible Experimental Design Strategies: Dr. James 
Huff ,  NIEHS, began by no t ing  t h a t  the 1984 Report o f  the NTP Ad Hoc Panel on 
Chemical Carcinogenesis Testing and Evaluation had recommended there be an 
evaluat ion as t o  whether continued use o f  both a r a t  and mouse s t r a i n  was 
needed f o r  detec t ion o f  carcinogens. Dr. Huf f  reported on re t rospect ive  
studies done by himsel f ,  Dr. Joseph Haseman and others a t  NIEHS using the 
NCI/NTP database and conclusions drawn. The i n i t i a l  study, publ ished i n  1984 
i n  response t o  suggestions by others t h a t  mice were "redundant", us ing r e s u l t s  
from 86 two-year NTP studies ind ica ted  t ha t  a l l  o f  the 43 carcinogens would 
have been detected using only male r a t s  and female mice whi le  use o f  male and 
female r a t s  only would have missed a t  l e a s t  10. More recent studies w i t h  a 
much la rger  number o f  studies supported t h i s  f inding.  Examination o f  species 
co r re l a t i on  i n  neoplast ic  response f o r  266 long-term studies showed an o v e r a l l  
concordance between r a t s  and mice of 74%, and w i t h i n  a species concordence o f  
87% ( ra t s )  and 89% (mice). Using male r a t s  and female mice only would have 
co r rec t l y  i d e n t i f i e d  255/266 (96%) o f  the experimental resu l ts .  Dr. Hu f f  
discussed p o t e n t i a l  l i m i t a t i o n s  inc lud ing  possib le f a l se  negatives, l ack  o f  
support ing evidence from the other two experiments, and possib le lack  o f  
accep tab i l i t y  by regu la tory  agencies. Of  the  12 chemicals 88missed", 11 were 
p o s i t i v e  i n  only one sex/species whi le  using male rats/female mice would have 
reduced another 11 chemicals t o  being p o s i t i v e  i n  only a s i ng l e  sex/species. 
Dr. Huf f  concluded by commenting t h a t  t h i s  modi f ied p ro toco l  w i l l  be used only 
on a se lec t i ve  basis and perhaps i n  experiments supplemented w i t h  other species 
o r  s t ra ins .  The basic Program pro toco l  w i l l  continue t o  use both sexes o f  
both species. 

V I .  Rodent Model Va l idat ion Using Known Human Carcinogens: Dr. Huf f  
acknowledged the cont r ibut ions of Dr. Richard Irwin, NIEHS. The primary 



o b j e c t i v e  o f  s tud ies  w i l l  be t o  evaluate tox ico logy  and carcinogenesis 
responses i n  F344 r a t s  and B6C3F1 mice exposed t o  chemicals known t o  cause 
cancer i n  humans. A second o b j e c t i v e  was t o  upgrade o r  strengthen the  l e v e l  
o f  evidence o f  carc inogen ic i ty  i n  experimental animals. The major source of 
chemicals used f o r  t h i s  ana lys is  came p r i m a r i l y  from the  I n t e r n a t i o n a l  Agency 
f o r  Research on Cancer ( I A R C )  l i s t s  o f  known human carcinogens (Group 1) and 
agents considered probably carc inogenic t o  humans (Group 2A). From these l i s t s ,  
t h e  NTP would focus on 17 chemicals f o r  which there  was s u f f i c i e n t  o r  l i m i t e d  
evidence o f  carc inogen ic i ty  i n  humans b u t  l i m i t e d  o r  inadequate evidence o r  no 
data i n  animals. He noted the  chemicals from Groups 1 and 2A which have been 
s tud ied o r  are c u r r e n t l y  under study by the  NTP i n  F344 r a t s  and B6C3F1 mice. 
Three chemicals: azath iopr ine,  1,4-butanediol dimethane su l fonate  , and 
treosulfan; and two chemical mixtures: a l c o h o l i c  beverages and conjugated es t ro-  
gens, a re  being g iven ser ious cons idera t ion  f o r  study i n  the  NTP rodent models. 
Dr. Huff s a i d  t h i s  research p r o j e c t  was responsive t o  a recommendation o f  the  Ad 
Hoc Panel, and t h e  i n fo rmat ion  developed would f i l l  data gaps, undergi rd animal 
predict iveness,  and strengthen human data. A mod i f ied  experimental design would 
be considered f o r  these studies. 

V I I .  Prechronic Technical Reports and Peer Review: Dr. Ernest McConnell, 
NIEHS, announced t h a t  the  NTP w i l l  beqin t o  r e p o r t  the  r e s u l t s  o f  t he  prechronic 
s tud ies  on chemicals p r i o r  t o  and separate from the  two-year study repor t s  
("Blue Books8'). The format o f  t he  prechronic r e p o r t s  w i l l  be s i m i l a r  t o  the  
cu r ren t  Technical Report ser ies ,  al though the  a r c h i v a l  data and pathology 
specimens w i l l  be unaudited and w i l l  i nc lude  r e s u l t s  p r i m a r i l y  from 14- and 
90-day s tud ies  as w e l l  as s tud ies  o f  up t o  s i x  months when p a r t  o f  the  design. 
The subsequent two-year repo r t s  w i l l  a l so  conta in  prechronic study i n fo rmat ion  
b u t  i n  a more h i g h l i g h t e d  and referenced form and n o t  i n  as much d e t a i l  as i n  
the  cur rent  Blue Books. 

Peer review o f  t h e  prechronic repor t s  w i l l  be performed by m a i l  t o  save Peer 
Review Panel meeting t ime and t o  expedite moving t o  the  next  s tep if the 
dec is ion  i s  made t h a t  chronic s tud ies  should be done. Most o f t e n  th ree Panel 
members w i l l  be asked t o  peer review each repor t ,  al though they w i l l  be sent t o  
a l l  members. I f  the  w r i t t e n  responses are  un i fo rmly  i n  agreement, t h a t  w i l l  be 
considered the  completion o f  t he  peer review. However, i f  the  r e s u l t s  of a 
g iven study appear t o  be debatable o r  any member o f  t he  Panel requests p u b l i c  
review, t h a t  r e p o r t  w i l l  be submitted t o  the  f u l l  Panel f o r  d iscussion a t  the  
next  open meeting. Also, t he  s t a f f  may b r i n g  a p a r t i c u l a r  r e p o r t  t o  the  Panel 
meeting if f e l t  t h a t  i t  needs more indepth  considerat ion. Dr. McConnell s a i d  
t h e  NTP w i l l  begin t h i s  procedure on a t r i a l  bas is  r e a l i z i n g  t h a t  t he  prechronic 
r e p o r t s  w i l l  evolve as have the  two-year study repor ts .  To cont inue t o  a l low 
f o r  p u b l i c  i npu t ,  completed prechronic s tud ies  w i l l  be l i s t e d  i n  the  Federal  
Register  along with a contact  person and an adequate t ime pe r iod  f o r  comments. 

V I I I .  D i spos i t i on  o f  Studies Conducted a t  Gu l f  South Research I n s t i t u t e :  
Dr. Douglas B r i s t o l ,  D i rec to r ,  Q u a l i t y  Assurance, DTRT, NIEHS, repor ted  t h a t  
due i n  p a r t  t o  recognized d e f i c i e n c i e s  w i t h  c e r t a i n  tox ico logy  and car-  
cinogenesis s tud ies  a t  Gu l f  South Research I n s t i t u t e  (GSRI), t he  NTP made a 
p o l i c y  dec is ion  i n  1983 t o  perform re t rospec t i ve  data aud i t s  on a l l  s tud ies  t h a t  
would be presented and many s tud ies  t h a t  had been presented prev ious ly  t o  the  
NTP Board's Peer Review Panel. A spec ia l  data a u d i t  subcommittee was formed 
from s ta f f  of agencies on the  NTP Executive Committee t o  a i d  i n  s e t t i n g  p r i o r i -  



t i e s  f o r  audi ts .  The NIEHS decided t h a t  i t  would be necessary t o  a u d i t  a l l  o f  
t h e  GSRI s tud ies  together  as a s p e c i a l  p ro jec t ,  a l l ow ing  a comprehensive 
assessment o f  t he  problems the re  before making decis ions about the  d i s p o s i t i o n  
o f  any one o f  t he  GSRI studies. The comprehensive a u d i t  o f  GSRI i nvo lved  a 
t o t a l  o f  6 1  chronic s tud ies  on 29 chemicals. Dr. B r i s t o l  reviewed the  steps i n  
t h e  comprehensive a u d i t  p r o j e c t ,  provided d e t a i l s  o f  t he  QA procedures used t o  
a u d i t  s tud ies  o f  an i n d i v i d u a l  chemical, and discussed the  re levan t  f i n d i n g s  and 
ind i ca t i ons .  The a u d i t s  were a l l  completed and had undergone i n t e r d i s c i p l i n a r y  
review. 

Dr. McConnell s ta ted  tha t ,  as r e s u l t  o f  t he  audi ts ,  the  GSRI s tud ies  could be 
grouped i n t o  th ree  categories: (1) stud ies  where the  data were no t  f u l l y  
r e l i a b l e  o r  i n te rp re tab le ;  ( 2 )  s tud ies  where the  data were l e s s  r e l i a b l e  than 
i n  (1); and (3) s tud ies  t h a t  were n o t  complete o r  no t  r e l i a b l e  (Attachment 5). 
For  th ree  chemicals i n  the  f i r s t  category, Technical Reports had been p r in ted ;  
these w i l l  be withdrawn. For  a l l  t he  chemicals i n  categor ies (1) and (Z), there  
w i l l  be a sho r t  wri teup, present ing d e t a i l s  o f  ma te r ia l s  and methods i n c l u d i n g  
doses and r e s u l t s  w i t h  inc idence tab les  f o r  neop las t ic  and nonneoplast ic 
les ions.  Flaws and discrepancies w i l l  be f u l l y  noted along with a summary of 
t h e  f u l l  a u d i t  repor t .  However, no s t a t i s t i c s ,  discussion, i n t e r p r e t a t i o n ,  o r  
conclusions w i l l  be given. For the  s tud ies  i n  category (3) no th ing  w i l l  be 
publ ished o ther  than a summary o f  t he  a u d i t  f ind ings .  A l l  o f  t he  preceding, 
i n c l u d i n g  an in t roduc to ry  h i s t o r i c a l  background, w i l l  be publ ished i n  a s i n g l e  
r e p o r t  which w i l l  be announced i n  the  Federal  Register  and then made ava i l ab le  
on request. The study records are  s tored i n  the  NTP Archives and are  
a v a i l a b l e  f o r  examination on request. Dr. McConnell commented t h a t  lessons 
learned from t h i s  exerc ise have a l ready been incorporated as improvements i n  
study design, chemistry, pathology q u a l i t y  assessment, and o ther  aspects o f  the  
process. New prechronic o r  chronic s tud ies  f o r  14 o f  the  29 chemicals have been 
planned, are underway, o r  have been completed. The o ther  GSRI chemicals are  
being reevaluated as t o  whether new s tud ies  should be done. I n  discussion, 
Dr. Dan ie l  Byrd, Halogenated Solvents Indus t ry  A l l i ance  (HSIA), s ta ted  t h a t  h i s  
group d i f f e r e d  w i t h  the  NTP t o  some ex tent  on uses f o r  the  data and inferences 
which could be drawn, and thought e x t e r n a l  peer review f o r  some o f  t he  data 
would have been desi rable.  Although the  HSIA thought some o f  t he  GSRI s tud ies  
were publ ishable,  they agreed w i t h  the  announced course o f  act ion.  

I X .  Toxicology o f  Chemical Mixtures: 

(1) NAS Report on Complex Mixtures--Dr. Bernard Schwetz, NIEHS, s a i d  
t h e  I n s t i t u t e  ~ r o v i d e d  s u m o r t  t o  the  Na t iona l  Academy o f  Sciences (NAS) t o  form 
a committee to '  study the  i ssue  o f  t o x i c i t y  t e s t i n g  o f -  complex chemical mixtures 
and recommend s t r a t e g i e s  f o r  t he  i n  v i vo  t e s t i n g  o f  mixtures. The committee 
formed fou r  groups t o  dea l  wi th:  ' (a)at ionship of human diseases w i t h  
exposure t o  chemical mixtures; (b) s t r a t e g i e s  f o r  t e s t i n g  t o x i c i t y  o f  complex 
mixtures i n  animals; (c)  sampling and chemical charac ter iza t ion ;  and (d) aspects 
o f  modelina app l icab le  t o  complex mixtures. These e f f o r t s  r e s u l t e d  i n  a NAS 
book, cornpiex' Mix tures-~ethods f o r  I n  Vivo T o x i c i t y  Testing. Dr. Schwetz 
discussed some o f  t he  issues examined. Some s i t u a t i o n s  which lead t o  
s y n e r g i s t i c  o r  an tagon is t ic  e f f e c t s  o f  mixtures i n  humans are  hard t o  reproduce 
i n  animals, e.g., d r i n k i n g  o f  a l coho l  o r  tobacco smoking. A key t o  designing 
s t r a t e g i e s  and design p ro toco ls  i s  t o  b e t t e r  de f i ne  the  quest ions t o  be 
answered, e.g., which t o x i c  endpoint, which component t o  t e s t ,  o r  which mix ture  



t o  study and f o r  what purpose. I n  assessing exposure vs. dose, more in format ion 
on b i o a v a i l a b i l i t y  i s  needed. Among key conclusions were: (1) methodology t h a t  
i s  ava i lab le  f o r  use w i t h  s i ng l e  chemicals can o f t en  be used w i t h  mixtures; 
(2) s t ra teg ies  f o r  studying complex mixtures can be c lea r  only i f  the questions 
t o  be answered are w e l l  defined; and (3) be t t e r  animal models are needyd f o r  
ce r t a i n  human diseases. He sa id  the NTP work i n  progress seemed t o  be on 
t rack '  w i t h  recommendations o f  the committee. 

(2) NTP I n i t i a t i v e  and Ongoing Experiments- Dr. Raymond Yang, NIEHS, 
sa id  the NTP r o l e  i n  the i n i t i a t i v e  derives from an interagency agreement w i t h  
the  Agency f o r  Toxic Substances and Disease Registry (ATSDR). There are about 
25,000 hazardous waste s i t es ,  ye t  no f u l l y  representat ive one. The NTP s t ra te -  
g ies  were to: complement the  a c t i v i t i e s  o f  other agencies; s t a r t  by focusing on 
groundwater where there may be commonalities w i t h  ce r t a i n  chemicals; and work 
w i t h  a defined mix o f  chemicals. Experimental designs received peer review from 
an i n t e r d i s c i p l i n a r y  inhouse group and an ex te rna l  review panel experienced w i t h  
mixture t o x i c i t y  studies. Dr. Yang described the types o f  t o x i c  endpoints being 
assessed i n  the groundwater contamination study by s c i e n t i s t s  from NIEHS and 
o ther  agencies. Included were evaluations o f  immunotoxicology, biochemical 
tox icology,  mutagenicity, and reproduct ive and developmental t o x i c i t y .  He 
ta l ked  about how the 25 chemicals were selected r e f l e c t i n g  a consensus o f  
groundwater contaminants from the EPA'S 10 d i f f e r e n t  regions. Dr. Yang 
concluded by repor t ing  r e s u l t s  from several  immunotoxicology assays which 
suggested a t  l eas t  add i t i ve  e f f e c t s  o f  the mixture compared w i t h  the i n d i v i d u a l  
chemicals. 

X. Concept Reviews- NIEHS Ce l l u l a r  and Genetic Toxicology Branch: 
Dr. Raymond Tennant, NIEHS, Branch Chief, sa id  the three concept proposals t o  
be presented were aimed a t  addressing, using ava i lab le  technology, d i s t i n c t i o n s  
between nonmutagenic carcinogens and noncarcinogens. He noted t h a t  recent 
pub l i ca t ions  o f  h i s  own group and others reported increas ing numbers o f  
substances c l a s s i f i e d  as-nonmutagenic carcinogens. These agents are charac- 
t e r i zed  by absence o f  an e l e c t r o p h i l i c  s t ruc tu re  and by absence o f  an induced 
response i n  the Salmonella mutagenesis assay. 

(1) I n  V i t r o  and I n  Vivo Short Term Test Character izat ion o f  the Tox i c i t y  
o f  Rodent Nonelec t roph i l i c  Carcinogens-- (Attachment 6) PART A. Dr. Judson 
Spalding sa id  these nongenotoxic, none lec t roph i l i c  carcinogens general ly  gave 
negative r e s u l t s  i n  cu r ren t l y  ava i lab le  short-term genetic t o x i c i t y  assays. One 
group o f  these chemicals induces l i v e r  tumors and these chemicals a lso  have the 
a b i l i t y  t o  induce S-phase o r  scheduled DNA synthesis. The ob jec t ives are t o  
t e s t  the  hypothesis t h a t  chemical i nduc t ion  o f  scheduled DNA synthesis i n  rodent 
l i v e r  c e l l s  i s  an i nd i ca to r  o f  the p o t e n t i a l  hepatocarcinogenici ty o f  t h a t  
chemical, and t o  develop the  S-phase endpoint as an assay t o  detect  hepatocar- 
cinogens, espec ia l ly  those t h a t  are nongenotoxic. Dr. Spalding ind ica ted  some 
carcinogens and noncarcinogens t ha t  might be studied. Questions t o  be addressed 
are: (1) s p e c i f i c i t y  o f  the assay among the four  sex/species groups; (2) the 
s p e c i f i c i t y  and s e n s i t i v i t y  f o r  carcinogens and noncarcinogens; (3) attempt t o  
develop the S-phase endpoint i n t o  a short-term i n  v i vo  assay t h a t  detects poten- 
t i a l  hepatocarcinogens and i s  espec ia l ly  u s e f u l f o r t e c t i n g  nongenotoxic 
he~atocarcinogens; and (4) compare s i ng l e  vs. r e p e t i t i v e  dosing pro toco ls  for  
S-phase induct ion.  



The Board st ressed ob ta in ing  mechanist ic data about the  a c t i o n  o f  nonelectro- 
p h i l i c  (nongenotoxic) carcinogens on t a r g e t  c e l l s .  The technology i s  ava i l ab le  
and the  methodology proposed appears adequate t o  achieve the  goals o f  the  
p ro jec t .  I n t e r a c t i o n s  with o ther  l a b o r a t o r i e s  working i n  t h i s  area were 
encouraged. 

PART 8. Dr. Robert Langenbach, NIEHS, sa id  the  second approach t o  the  concept 
i s  designed t o  ob ta in  i n fo rmat ion  about b i o l o g i c a l  e f f e c t s  o f  the  nonelectro- 
p h i l i c  carcinogens. To ga in  i n s i g h t  i n t o  mechanisms o f  act ion,  f i v e  d i f f e r e n t  
b i o l o g i c a l  e f f e c t s  shown t o  be associated with tumor promoters w i l l  be studied: 
(1) p r o t e i n  kinase C ac t i va t i on ;  (2) i n t e r r u p t i o n  o f  c e l l - t o - c e l l  communication 
i n  V79 c e l l s ;  (3) enhancement o f  an i n i t i a t i o n - p r o m o t i o n  c e l l  t rans format ion  
system; (4) i nduc t ion  o f  cytochrome P-450 a c t i v i t y  i n  l i v e r  o f  r a t s  and mice; 
and (5) oxygen r a d i c a l  product ion. Major outcomes expected are: (1) a b i l i t y  t o  
group t h e  none lec t roph i l i c  chemicals by b i o l o g i c a l  effects/mechanisms; 
(2) i d e n t i f i c a t i o n  o f  s t r u c t u r e / a c t i v i t y  r e l a t i o n s h i p s  (3) poss ib le  assoc ia t ion  
of a c t i v i t y  i n  each o f  t he  f i v e  systems with tumor s i t e s  i n  rodents w i l l  be 
determined; and (4) b e t t e r  mechanist ic understanding o f  none lec t roph i l i c  
carcinogens may emerge. 

The Board a f f i rmed the  importance o f  t he  proposed s tud ies  b u t  questioned whether 
too  much emphasis was being placed on c e l l  c u l t u r e  models. Dr. Langenbach sa id  
t h e  i n  v i vo  s tud ies  from P a r t  A. would complement the  s tud ies  i n  P a r t  B. 
Concern was expressed as t o  whether the  resources a l l oca ted  were s u f f i c i e n t  t o  
achieve the  goals. 

Dr. Upton moved t h a t  t h e  concept be approved. Dr. Rogers seconded the  motion, 
which was approved unanimously ( 4  Yes votes) by the  Board. Dr. Upton then 
moved t o  recommend g i v i n g  P a r t  A moderate t o  h igh  p r i o r i t y ,  and P a r t  B 
moderate p r i o r i t y .  Dr. Rogers seconded these motions, which were approved 
unanimously (4  Yes votes) by the  Board. 

(2) DNA Adducts i n  Rodent and Human Tissues-- (Attachment 7) Dr. 
Lanaenbach s ta ted  t h a t  DNA adduct format ion can serve as a re levan t  dosimeter - - - -  of <issue exposure and b i o l o g i c a l l y  e f f e c t i v e  dose o f  a chemical. The goals o f  
t h i s  proposal a re  to: (1) measure DNA adducts o f  genotoxic carcinogens i n  
t a r g e t  and nontarget t i ssues  of rodents; (2) study dose-responses o f  chemicals 
i n c l u d i n g  doses below those which g i ve  carcinogenic responses; (3) measure 
t i s s u e  and species d i f f e rences  i n  DNA repa i r ;  (4) compare DNA adduct l e v e l s  i n  
t a r g e t  t i ssues  w i t h  those i n  c i r c u l a t i n g  lymphocytes; ( 5 )  compare adducts i n  
rodent  l i v e r ,  i n  v i vo  and i n  v i t r o ,  and human l i v e r ,  i n  v i t r o ;  and (6) use the  
9 paral le logram'  approach t o  est imate human adduct l e v e l s  i n  vivo. He expected 
t h e  major outcomes t o  inc lude:  (1) development o f  DNA adduct dosimetry as i t  
r e l a t e s  t o  species and t a r g e t  t i s s u e  d i f ferences;  (2) ob ta in  data re levan t  t o  
low dose ex t rapo la t ion ;  (3) determine the  r e l a t i o n s h i p  between adducts i n  t a r g e t  
t i ssues  and adducts i n  lymphocytes f o r  rodents and humans; and (4) develop 
models f o r  ex t rapo la t i on  from rodents t o  humans i n v o l v i n g  DNA adducts. 

The Board noted t h a t  t h i s  proposal responded t o  a recommendation o f  t he  Ad Hoc 
Panel on Chemical Carcinogenesis Test ing  and Evaluat ion. Attainment of the  
ob jec t i ves  would provide in fo rmat ion  t h a t  could a l low more r a t i o n a l  extrapola-  
t i o n  o f  data t o  humans from ca rc inogen ic i t y  s tud ies  i n  rodents. Caution was 
expressed about the  l a r g e  i n t e r i n d i v i d u a l  v a r i a b i l i t y  i n  humans. The technology 
t o  perform these s tud ies  i s  a v a i l a b l e  and adequate. 



Dr. Upton moved t h a t  t he  concept be approved. Dr. Rogers seconded the  motion, 
which was approved unanimously (4  Yes votes) by the  Board. Dr. Upton then 
moved t o  recommend g i v i n g  the  concept h i g h  p r i o r i t y .  Dr. Rogers seconded the  
motion, which was approved unanimously ( 4  Yes votes) by the  Board. 

(3) Chemically Induced DNA Mod i f i ca t i ons  I n  Vivo and I n  V i t ro - -  
(Attachment 8) Dr. Wi l l iam Caspary, NIEHS, explained t h a t  the  r a t i o n a l e  fo r  
t h i s  proposal i s  t o  l ook  a t  damage a t  the  gene l e v e l  by measuring methy la t ion  
pa t te rns  and DNA adducts a t  s p e c i f i c  genes from chemicals f o r  which the re  are  
d iscordant  r e s u l t s  between short- term mutagenic i ty  t e s t s  and long-term animal 
bioassays. Methy la t ion  pa t te rns  and DNA adducts i n  s p e c i f i c  genomic s i t e s  
w i l l  be examined i n  c e l l s  from mutat ion s tud ies  and from t a r g e t  and nontarget  
t i ssues  i n  rodents. C lass i ca l  carcinogens w i l l  be s tud ied f i r s t  and then 
chemicals which have demonstrated d iscordant  r e s u l t s  i n  NTP studies. This study 
should provide f u r t h e r  i n fo rma t ion  on the  v a l i d i t y  o f  such terms as nongenotoxic 
carcinogens and genotoxic noncarcinogens. 

The Board supported the  adduct s tud ies  and considered the  resources adequate b u t  
thought i t  was perhaps premature f o r  t he  NTP t o  get  i nvo lved  i n  very complex 
methy la t ion  studies. Dr. Tennant noted t h a t  methy la t ion  i s  the  one aspect o f  
DNA assoc ia t ion  n o t  i n v o l v i n g  major sequence change t h a t  i s  chemically-induced 
and r e s u l t s  i n  h e r i t a b l e  genet ic  changes. To what ex tent  can adduct ion vs. 
methy la t ion  he lp  us t o  prospect ive ly  d i sc r im ina te  between chemicals? 

Dr. Rogers moved t h a t  t h e  concept be approved w i t h  h igh  o v e r a l l  p r i o r i t y  bu t  
w i t h  the  note t h a t  the  concept needs more focus and r e f i n i n g .  Dr. Upton 
seconded the  motion, which was approved unanimously ( 4  Yes votes) by the  
Board. 
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117) Building 30. National 

ins t I tu le s  of Health. Bethesda. 
land. This meeting wdl be open to 

i h P  public from 9 a.m. to recess on May 
,j for  presentation and 
,ieJ:cdtlon of the H. Trendleq Dean 
C,nferecce Roon~. Attendance by the 

bllc wdl be lirn~ted to space abailable. 
dccordance with the provisions set 

ro,th In secs  552blc)131 and 552b(c)(6]. 
Title j? U.S.C. and sec. 10(d) of Pub. L. 
92463,  the meetlng of the Councd will 
be c l o s ~ d  to the public on May 26 from 9 
a m, to 2:30 p.m. for the review, 
discussion and evaluation of individual 
grdnt appiicat~ons. These applications 
d,d the discussions could reveal 
confidential trade secrets or comn~ercial 

such as  patentable material, 
and personal 1nfonlIation concerning 
InJ1viduals associated with the 
applicat~ons, the disclosure of which 
~ ~ u l d  constltue a clearly unwarranted 
Inraslon of personal privacy. 

In with the provisions set 
forth in section !%2b(c)(g](B]. Title 5. 
u s Code, the Council meeting will be 
closed to the public from 2:30 p.m. to 
adjournment on May 26 for discussion 
and preparation of comments Council 
wishes to submit to the Director, NIH. 
for inclus~on in the biennial report to 
Congress. 

Dr. Preston A. Littleton. Jr., Executive 
Secretary. National Advisory Dental 
Research Council. and Deputy Director, 
National Institute of Dental Research, 
h'ational Institutes of Health, Building 
31. Room 2CS9. Bethesda. Maryland 
29892, (telephone 30149G9469) will 
furnish a roster of committee members, 
a summary of the meeting, and other 
mformation pertaining to the meeting. 
[Catdlog of Federal Domestic assistance 
Program Nos. 13.121-Diseases of the Teeth 
and Support Tissues; Caries and Restorative 
hldlerlal~: Periodontal and Soft Tissue 
D~seases: 13.122-Disorders of Stucture. 
Function, and Behavior: Craniofacial 
Anomahes. Pain Control. and Behavioral 
Stud~es: 13.845-Dental Research Institute; 
Sdt~onal  lnstltutes of Health) 

Dated: April 12.1988. 
Betty 1. Beveridge. 
Conmltlee htanasement Officer. NIH 
[FR Doc. 88-8977 Filed 4-224& 8:45 am] 
BILLING CODE 414041-Y 

National institute of Dental Research; 
*iai Grants Review Committee; 
Meeting 

Pursuant to Pub, L. 92-463, notice is 
hereby given of the meeting of the 
Special Grants Review Committee. 
National Institute of Dental Research. 
June 7-8.1988. in the Holiday Inn Chevy 
Chase. 5520 Wisconsin Avenue. Chevy 

Chase. Maryland 20815. The Committee 
will be open to the public from 9 a.m. to 
9:30 a.m. on June 7 for general 
discussions. Attendance by the ~ u b l i c  is 
I~rnited to space available. 

In accordance w t h  provisions set 
forth in secs. 552b(c)(4) and 552b(c)(6). 
Title 5. U.S.C. and sec. lO(d) of Pub. L. 
92463, the meeting will be closed to the 
public on June 7 from 9:30 a.m. to recess 
and on June 8 from 9 a.m. to 
adjournment for the review, discuss~on 
and evaluation of individual grant 
applications. The applications and the 
discussions could reveal confidential 
trade secrets or commercial property. 
such a s  patentable material, and  
personal information concerning. 
individuals associated with the 
applications, the disclosure of which 
would constitute a clearly unwarranted 
invasion of personal privacy. 

Dr. Rose Marie Petrucelli, Executive 
Secretary, NIDR Special Grants Review 
Committee, NIH, Westwood Building. 
Room 519, Bethesda. MD 20892. 
(telephone 3ffl/496-7658) will provide a 
summary of the meeting, roster of 
committee members and substantive 
program information upon request. 
(Catalog of Federal Domestic Assistance 
Program Nos. 13.121-Diseases of the Teeth 
and Supporting Tissues: Caries and 
Restorative Materials; Periodontal and Soft 
Tissue Diseases; 13-122-Disorders of 
Structure, Function, and Behavior: 
Craniofacial Anomalies, Pain Control, and 
Behavioral Studiek 13-845--Dental Research 
Institute; National Institutes of Health) 

Dated: April 12.1988. 
Betty J. Beveridge, 
Committee Management Officer. NIH. 
[FR Doc. 88-8975 Filed 4-22-88; 8:45 am] 

Public Health Service 

Pursuant to Pub L. 92463, notice is  
hereby given of a meeting of the 
National Toxicology Program (NTP) 
Board of Scientific Counselors, U.S. 
Public Health Service, in the Conference 
Center, Building 101, South Campus, 
National Institute of Environmental 
Health Sciences, Research Triangle 
Park, North Carolina on  May 17,1988. 

The meeting will be open to the public 
from 8:30 a.m. until adjournment. The 
preliminary agenda topics with 
approximate times are  a s  follows: 

8:30 a .m.445  a.m.-Report of the 
Director, NTP. 

8:45 a.m.-9:45 a.m.-Review of 
Chemcials Nominated for NTP Studies. 

Six chemicals will be reviewed. The 
chemicals were evaluated by the NTP 
Chemcial Evaluation Cornrnttee on 
December 9,1987, and are  (with CAS 
Nos. in parentheses): (1) Anthraqulnone 
(84-65-1): (2) Camphor (76-22-23: (3) 
Chloro-2-bromoethane (107-04-0): (41 
Glyoxal (107-22-2): (5) Lead (11) Oxide 
(1317-36-8); and (6) Lead (11) Sulfide. 

9:45 a.m.-lO:15 a.m.-Overview of the 
NIEHS Extramural Program. 

10:30 a.m.-ll:00 a.m.-NTP Proposed 
Plans for Toxicological Evaluation of 
Ozone. 

11:OO a.m.-lk30 a.m.-Rodent Model 
Validation Using Known Human 
Carcmogens. 
. 11:30 a.m.-1200 noon-Proposed 
Selective Reduction in SexlSpecies 
Groups for Long-Term Carcinogenes~s 
Studies. 

12:00 noon-12:15 p.m.-Prechronic 
Technical Reports and Peer Review. 

1:00 p.m.-2:30 p.m.-Disposition of 
Studies Conducted at Gulf South 
Research Institute. 

2:30 p.m.-3:00 p.m.-Toxicology of 
Chemical Mixtures: 

I. NAS Report on Complex Mixtures. 
11. ATSDR/NTP Initiative and 

Ongoing Experiments. 
3:00 p .m.430  p.m.--Concept 

Reviews-NIEHS Cellular and Genetic 
Toxicology Branch: 

I. Characterizing and Developing 
Detection Methods for Nonelectrophilic 
Carcinogens. 

11. DNA Adducts in Rodent and 
Human Tissues. 

111. Chemcially Induced DNA 
Modifications. 

The Executive Secreatary, Dr. Larry 
G. Hart. National Toxicology Program, 
P.O. Box 12233, Research Triangle Park. 
North Carolina 27609, telephone (919) 
541-3971: FTS 629-3971, will have 
available a roster of Board members a n d  
expert consultants and other program 
information prior to the meeting, and 
summary minutes subsequent to the 
meeting. 

Dated: April 19,1988. 
David P. Ra& 
Director. National Toxjcology Program. 
[FR Doc. 68-9037 Filed 4-22-88: 8:45 am] 
BlLLlNQ CODE (C9037-M I 

Social Security Administration 

Supplementary Agreement on Social 
Security Between the United States 
and the Federal Republic of Germany, 
Entry into Force 

The Commissioner of Social Security 
gives notice that on March 1.1988, a 
supplementary agreement entered into 
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AGENDA 

NTP BOARD OF SCIENTIFIC COUNSELORS 
NATIONAL TOXICOLOGY PROGRAM 

May 17, 1988 

CONFERENCE CENTER, BUILDING 101, SOUTH CAMPUS 
NATIONAL INSTITUTE OF ENVIRONIENTAL HEALTH SCIENCES ( NIEHS 

RESEARCH TRIANGLE PARK, NORTH CAROLINA 

8:30 a.m. - 8:45 a.m. - Report o f  the D i rec to r  Dr. D.P. Ra l l ,  NIEHS 

8:45 a.m. - 9:45 a.m. - Review o f  Chemicals Board 
Naninated f o r  NTP Studies Dr. D.A. Canter, NIEHS 

9:45 a.m. - 10:15 a.m. - Overview o f  the  NIEHS D i v i s i on  o f  Dr. A.P. Sassaman, 
Extramural Research and Tra in ing NIEHS 

10:30 a.m. - 1 l : O O  a.m. - NTP Proposed Plans for Dr. G.A. Boorman, 
Tox ico log ica l  Evaluat ion o f  Ozone .NIEHS 

11:OO a.m. - 1 1 ~ 3 0  a.m. - Species Cor re la t ion  i n  Long-Term Dr. J.E. Huf f ,  and 
Carcinogenic i ty  Studies i n  Rats Dr. J.K. Haseman, 
and Mice: Impl ica t ions on Possible NIEHS 
Experimental Design St ra teg ies  

11:30 a.m. - 12:00 noon - Rodent Model Va l ida t ion  Using Dr. J.E. Huf f ,  NIEHS 
Known Human Carcinogens 

12800 p.m. - 1 2 ~ 1 5  p.m. - Prechronic Technical Reports Dr. E.E. McConnell, 
and Peer Review NIEHS 

1:15 p.m. - 2:00 p.m. - D ispos i t i on  o f  Studies Conducted Dr. E.E. McConnell and 
a t  Gu l f  South Research I n s t i t u t e  Dr. D.W. B r i s t o l ,  

NIEHS 

2800 p.m. - 2:45 p.m. - Toxicology o f  Chemical Mixtures 
I. NAS Report on Complex Mixtures Dr. B.A. Schwetz, 

N IEHS 

11. NTP I n i t i a t i v e  and 
Ongoing Experiments 

Dr. R.S.H. Yang, 
NIEHS 

3800 p.m. - 4t30 p.m. - Concept Reviews - NIEHS Ce l l u l a r  Dr. R.W. Tennant, 
and Genetic Toxicology Branch: NIEHS 

I. I n  V i t r o  and I n  Vivo Short 
7- -7 

Dr. J.W. Spalding, 
Term Test Character izat ion NIEHS 
o f  the Tox i c i t y  o f  Rodent 
Nonelec t roph i l i c  Carcinogens 



11. DNA Adducts i n  Rodent and Dr. R.J. Langenbach, 
Human Tissues NIEHS 

111. Chemically Induced DNA 
~ o d i f i c a t i o n s  -- I n  Vivo 
and I n  V i t r o  -- 

Dr. W.J. Caspary, 
NIEHS 



NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS 

Dr. Michael  A. Ga l l o  ( c h a i r )  
Assoc. Professor, D i r .  o f  Toxicology 
Dept. o f  Environmental and Cmm. Medicine 
lMDNJ - Robert Wood Johnson Med. School 
675 Hoes Lane 
Piscataway, New Jersey 08854-5635 

Dr. Richard A.  Griesemer 
D i rec to r ,  Bio logy D i v i s i o n  
Oak Ridge Na t iona l  Laboratory 
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

* ~ r .  John B. L i t t l e  
Professor 
Department o f  Cancer Bio logy 
Harvard School o f  P u b l i c  Hea l th  
Boston, Massachusetts 02115 

Dr. Freder ica Perera 
Columbia U n i v e r s i t y  
School o f  P u b l i c  Hea l th  
D i v i s i o n  o f  Environmental Sciences 
60 Haven Avenue, 13-109 
New York, New York 10032 

Dr. Adrianne E. Rogers 
Professor, Department o f  Pathology 
Boston U n i v e r s i t y  School o f  

Medicine 
80 East Concord Street ,  L-804 
Boston, Massachusetts 02118 

Dr. Robert A. Scala 
Senior S c i e n t i f i c  Advisor 
Research and Environmental 

Hea l th  D i v i s i o n  
Exxon Biomedical Sciences 
P. 0. Box 235, M e t t l e r s  Road 
East M i l l s tone ,  New Jersey 08873 

Dr. Ar thur  C. Upton 
D i rec tor ,  I n s t i t u t e  o f  

Environmental Medicine 
New York U n i v e r s i t y  Medical  School 
550 F i r s t  Avenue 
New York, New York 10016 

* ~ o t  Present 



AD HOC REVIEWERS FOR NTP BOARD OF 

SCIENTIFIC COUNSELORS REVIEW OF CONCEPTS 

NIEHS CELLULAR AND GENETIC TOXICITY BRANCH 

May 17, 1988 

Dr. Byron E. But terworth 
Chemical Indust ry  I n s t i t u t e  o f  Toxicology 
P. 0. Box 12137 
Research Tr iang le  Park, NC 27709 

Dr. Joe W. Grisham 
Professor and Chairman 
Department o f  Pathology 
CW 7525 
Un ive rs i t y  o f  North Carol ina 
Chapel H i l l ,  NC 27514 
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Sunary Data on Chemicals for Review by the NTP Board of Scientific Counselors 
On May 17, 1988 

Domestic Chemical Eva1 uation Chemical 
Chemical Nomination Production Worker NTP Testing Committee Recomnendation Selection 
(CAS Number) Source (lbs) Exposure Status Other (Priority) Principles RationaleIRemarks 

1. Anthraquinone NIEHS l . ~ x l ~ ~ - l  .ox106 28b Positive in - - -Chronic toxicity 3,4 -Potential for 
(84-65-1) (1977Ia Salmonel 1 a -Carcinogenic! ty increasing human 

(Moderate) exposure 
-Structural inter- 
est - parent 
compound for 
anthraquinone 
chemical class 

-Extensive use 
-Significant human 
exposure 

-Lack of carcino- 
genici ty data 

-- -Carcinogenicity 
-Teratol ogy and 
reproductive effects 
studies 
(Moderate - High) 

2. Camphor NCI 2.2~105-2.2~106 4. 400b 
(Imports, 1977)a - 
1.1~106 
(Imports, 1985)C 

3. 1-Chl oro-2- NC I Listed in TSCA -- 
bromoethane Inventory but 
(107-04-0) no definitive 

production data 
avai lableayd 

4. Glyoxal TSC A Listed in 9,64gb - - 
(107-22-2) Inter- TSCA Inventory 

agency but no produc- 
Testing tion d ta given 
Comni ttee 1.6~10 8 

(Imports, 1985 )C 

-- -Carcinogenicity 
(Low 1 

-- -Carcinogenicity 1,3,4 
(Inhalation) 

-Teratogenicity 
(High) 

-Structurally re- 
lated to the car- 
cinogens, 1,2- 
dichloroethane and 
1,2-dibromoethane 

-Lack of carcino- 
genici ty data 

-Recommendation 
dependent on com- 
mercial avai labil- 
i ty of chemical 

-Increasing use 
-Potenti a1 for 
exposure D -i -Widespread environ- --I 
mental occurrence 
-EPA, OSHA interest $ 
in testing m 

Z -Structurally simi- + 

lar to formaldehyde , 



Domestic Chemical Eva1 uat i o n  Chemical 
Chemical Nomination Production Worker NTP Test ing Committee Recommendation Select ion 
(CAS Number) Source (IbS) Exposure Status Other ( P r i o r i t y )  P r inc ip les  RationaleIRemarks 

5. Lead oxide NIOSH 3 .o-14. 2x108 513~ 
(PbO) (1977Ia 
(1317-36-8) 

6. L e a d s u l f i d e  NIOSH 1.0-10.0~106 7b -- 
(PbS) (1977Ia 1,600e 
(1314-87-0) 

- - -Acute and subchronic 3,8 -Data needed by 
comparative t o x i c i t y  Mining Safety and 
studies o f  lead oxide Health Administra- 
and lead s u l f i d e  t i o n  t o  set  TLV for 
(Moderate 1 mine workers 

-Studies should 
inc lude determina- 
t i o n  o f  blood lead 
l e v e l s  and invest -  
i gat ion o f  blood 
parameters 

-Acute and subchronic 
comparative t o x i c i t y  
studies o f  lead oxide 
and lead s u l f i d e  
(Moderate 1 

-Data needed by 
Mining Safety and 
Health Administra- 
t i o n  t o  set  TLV for  
mine workers 

-Studies should 
inc lude determi na- 
t i o n  o f  blood lead 
l e v e l s  and invest -  
i g a t i o n  o f  blood 
parameters 



Footnotes 

U.S. EPA Toxic Substances Control Act (TSCA) Inventory of Chemicals in 
Commerce, public f i l e .  

National Occupational Exposure Survey (1980-1983). Department of Health 
and Humm Services, National Ins t i tu t e  for  Occupational Safety and Health. 

U.S. Department of Commerce. U.S. Imports f o r  Consnuntion and General 
Imports. Washington D.C. : Bureau o f  the Census. ~ e h r t  ET 246/ANual 
1986. 

U.S. International Trade Commission, Synthetic Organic Chemicals, United 
States Production and Sales 

Personal conarmnication from Dr.  J, Haartz, NIOSH, t o  the olemica1 
Evaluation C d t t e e e .  December 9, 1987 



Testing Recommendations for Chemicals Reviewed by NTP Board of Scientific Counselors 
on May 17, 1988 

Chemical Nomination Testing Recommendation 
(CAS Number) Source (Priority) Rationale/Remarks 

1. Anthraquinone NIEHS -Chronic toxicity 
(84-65-1 1 -Carcinogenicity 

(Moderate) 

2. Camphor 
(76-22-2) 

3. 1-Chloro-2-bromoethane NCI 
(107-04-0) 

-Percutaneous absorption study 
-Dermal subchronic studies 
-Dermal neonatal toxicity study 
(High) 

-Carcinogenicity 
(Moderate) 

-Teratology and reproductive effects 
(Moderate to high 

-Carcinogenicity 
(Low 1 

4. Glyoxal 
(107-22-2) 

TSCA -Carcinogenicity 
Interagency (Moderate to high 1 
Testing -Defer teratogenicity testing 
Committee 

5. Lead oxide (PbO) NIOSH (-Acute comparative toxicity studies 
(1317-36-8) ( of lead oxide and lead sulfide 

( (High) 
6. Lead sulfide (PbS) NIOSH ( 

(1314-87-0) ( 
( 

-Environmental contaminant 
-Potential for human exposure . 
-Structural interest 

-Widespread use 
-Significant human exposure by various routes 
-Lack of toxicity data 
-Chemical to be re-evaluated by Board prior to 
initiation of carcinogenicity studies 

-Structural interest 
-Chemical no longer used as a fumigant 
-Raise priority if use of chemical is increased 

-Potential for exposure 
-Significant environmental occurrence 
-Structural 1 y re1 ated to formaldehyde 
-Board to reconsider chemical for teratogenicity testing 
when further information on rationale is available 

(-Concern over lead toxicity 
(-Studies should include determination of blood 
( lead levels, and investigation of biomarkers 
(-NTP should propose a study to investigate the neuro- 
( toxicity of lead and its salts, in particular, their 
( effect on brain development; proposed study 
( to be submitted to Board for review 



ctmmicalandstudyby 
proposed reporting category Status of study cqletion or !&chicdl Report Other Studies 

Data Not Fully Reliable or 

Viny ???=?? 1 ine c oride, R&M 
1,1,1,2-Tetrachloroethane, R&M 
Pentachloroethane, R&M 
Tetrachloroethylene , female M 
Sodium 2-Ethylhexyl sulfate, R&M 
Ethoxylated dodecyl alcohol, R&M 
Fluorescein sodium, R&M 
Sodium dodecyl sulfate, R&M 
Gilsonite, R&M 
H m l i s  Water, R&M 
1,2-Epoxyhexadecane, R&M 

Data Less Reliable Than One. 
Tetrachloroethylene, R, four strains 
~ichloromethan~ , R&M 
1,1,1,-Trichloroethane, R&M 
Pyridine, R&M 
-A, R 

Studies Not Reliable Or Not Complete. 
-A, M&CD-1 strains 
Ethylene glycol mnoethyl ether, R&M 
Trichlorfon, E&M 
t-Butanol, R&M 
Castor oil, R&M 
Sodium xylene sulfonate, RSIM 
Diethanolamine, R&M 
Glutaraldehyde, R&M 
Coconut diethanolamide , R&M 
Oleic acid diethanolamide, R&M 
Lauric acid diethanolamide, R&M 
Methyl ethyl ketone peroxide, R&M 
Chloramine, R&M 
p-Nitrophenol, CFW mouse 
Maleic hydrazide diethanolamide, R&M 

No Slides 
prepared 

Slides SP eval- PWT; Draft TR peer TR 
prepared uation review TR reviewed printed 

TR 311, inhl. 

TR 311, inhl. 
TR 306, inhl. 
C planned 
C designed 

C complete 
RD underway 
SC underway 
C underway 
SC underway 
SC underway 
SC underway 
SC underway 

SC complete 

C co6lete 
M C  & industry 

Abbreviations: R, F344 rat; M, B6C3F mouse; RD, l4day repeated dose studies; SC, 904ay subchronic studies; C, 2-year 
chronic studies; SP, study-pathologis&; PWG, pathology working group; ?a, N!l!J? Technical Report 
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TITLE: I n  v i t r o  and i n  v i v o  sho r t  term t e s t  c h a r a c t e r i z a t i o n  o f  t h e  t o x i c i t y  o f  
rodent  n o n e l e c t r o p h i l i c  carcinogens 

PERIOD AND TYPE OF AWARDS: 5 years - Research and Development Contract ;  
P a r t  A: Two awards a n t i c i p a t e d ;  $200,00O/yr. 
P a r t  B: One award an t i c i pa ted ;  $125,00O/yr. 

FUNDING MECHANISM: Compet i t ive Cont rac t  Award 

PART A. 

Ob jec t i ve  

A s i g n i f i c a n t  number o f  t he  chem 
t h e  rodent  bioassay appear t o  be 
Tennant e t  al., 1987). I n  1984, 
d i s t i n g u i s h i n g  between genotox ic  
More recen t l y ,  Ashby and Tennant 
repor ted  t h a t  a comnon charac ter  

c a l s  which a r e  c l a s s i f i e d  as carc inogen ic  i n  
nongenotoxic (Weisburger and Wi l l iams,  1981; 
an ICPEMC comnit tee considered t h e  bas i s  f o r  
and nongenotoxic carcinogens (ICPEMC 1984). 
(1988) us ing the  NCIINTP bioassay database 
s t i c  o f  t he  nongenotoxic chemicals was t h e i r  i 

n o n e l e c t r o p h i l i c i t y .  As a r e s u l t  o f  t he  c h a r a c t e r i s t i c s  o f  t h i s  c l ass  o f  carc- 
inogens, they  cannot be de tec ted  nor  w e l l  s tud ied  i n  t h e  c u r r e n t l y  a v a i l a b l e  
shor t - te rm gene t i c  t o x i c i t y  assays. Therefore, i n  t h e  present  concept two 
approaches a r e  proposed t o  i n v e s t i g a t e  these n o n e l e c t r o p h i l i c  chemicals which 
w i l l  b e t t e r  d e f i n e  t h e i r  modes o f  b i o l o g i c a l  a c t i v i t y  and a lso,  hope fu l l y ,  lead  
t o  t he  development o f  shor t - te rm t e s t s  t h a t  w i l 1 , p e r m i t  t h e i r  de tec t ion .  

A. One group o f  these n o n e l e c t r o p h i l i c  chemicals induces l i v e r  tumors as a 
major  tumor type, y e t  these chemicals can be de f i ned  as nongenotoxic bo th  i n  i n  
v i t r o  and i n  v i v o  assays which have u t i l i z e d  hepatocytes f rom t h e  same 
sexlspecies i n  which t h e  l i v e r  tumors were induced. However, among t h e  l i m i t e d  
number o f  these same hepatocarcinogens which have been s tud ied  so f a r ,  i t  has 
been demonstrated t h a t  they  have t h e  a b i l i t y  t o  induce scheduled DNA syn thes is  
(SDS) which i s  a p r e r e q u i s i t e  f o r  h e p a t o c e l l u l a r  p r o l i f e r a t i o n .  I t  appears 
l i k e l y  t h a t  f o r  most o f  these l a t t e r  chemicals, t h e  i n d u c t i o n  o f  SDS occurs i n  
response t o  h e p a t o t o x i c i t y ,  ( M i r s a l i s  e t  al., 1985; Spald ing e t  al., 1988; and 
M i r s a l i s ,  1988). But  a t  l e a s t  one o f  these n o n e l e c t r o p h i l i c  chemicals, 
d i (2 -e thy lhexy l )  ph tha la te ,  has proven t o  be a l i v e r  c e l l  mitogen (But terworth,  
1987). The mechanism o f  h e p a t o t o x i c i t y  express ion and t h e  re levance o f  poss ib le  
chron ic  h e p a t o c e l l u l a r  p r o l i f e r a t i o n  t o  t h e  i n d u c t i o n  o f  l i v e r  tumors by these 
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chemicals i s  unknown. Using s i m i l a r  p r o t o c o l s  o f  chron ic  dosing and chemical 
a d m i n i s t r a t i o n  t h a t  were used i n  t h e  chron ic  bioassay, we propose under a 
regimen o f  r e p e t i t i v e  dosing to:  (1) con f i rm  t h a t  these none lec t roph i  1 i c  
chemicals a r e  n o t  genotox ic  i n  t h e  t a r g e t  organ ( l i v e r ) ;  (2) measure the  ex ten t  
o f  l i v e r  t o x i c i t y  by s e r o l o g i c a l  endpoints; and (3) determine whether o r  no t  the  
chemicals induce chron ic  c e l l  p r o l i f e r a t i o n  over a dose range t h a t  inc ludes  t h a t  
used i n  t h e  rodent  carc inogenesis  bioassay. 

The purpose o f  measuring these endpoints i s  t o  increase our  understanding o f  how 
the  p r o l i f e r a t i v e  o r  mi togen ic  response may be r e l a t e d  t o  t h e  hepatocarcino- 
g e n i c i t y  o f  these chemicals. Fur ther ,  i n  o rder  t o  inc rease our  knowledge o f  the  
the  b i o l o g i c a l  p r o p e r t i e s  o f  these chemicals, t h e  smal l  group o f  chemicals 
se lec ted  f o r  s tudy i n  P a r t  A, w i l l  a l s o  be inc luded i n  t h e  l a r g e r  group o f  che- 
m i c a l s  se lec ted  f o r  s tudy i n  P a r t  B. 

Sumna r y  

Goal 1. To determine the  p a t t e r n s  o f  h e p a t o t o x i c i t y  and hyperp las ia  f o r  a 
se lec ted  group o f  rodent  n o n e l e c t r o p h i l i c  hepatocarcinogens which a r e  
rep resen ta t i ve  o f  t h e  group o f  none lec t roph i l es  i d e n t i f i e d  by Ashby and 
Tennant, 1988. 

Goal 2. To determine whether severa l  d i f f e r e n t  i n  v i v o  endpoints,  e.g., DNA 
damagelrepair - o r  t he  l ack  o f  i t  - and the  i n i t i a t i o n  o f  scheduled DNA 
syn thes is  (S-phase) a r e  r e l e v a n t  t o ,  o r  associated w i th ,  t h e  i n i t i a t i o n  and 
progress ion  o f  rodent  tumorigenesis under a m u l t i p l e  dosing p ro toco l  t h a t  
inc ludes  t h e  dosing range used i n  t h e  rodent  carc inogenesis  assay. 

Out come 

1. Conf i rm t h a t  t h e  se lec ted  group o f  chemicals do n o t  i n t e r a c t  d i r e c t l y  w i t h  
DNA. 

2. Determine t h e  temporal r e l a t i o n s h i p s  between S-phase and h e p a t o x i c i t y  under 
cond i t i ons  o f  m u l t i p l e  dosing. 

3. Poss ib l y  determine t h a t  t h e  sex lspecies s p e c i f i c i t y  f o r  hepatocar- 
c i n o g e n i c i t y  c o r r e l a t e s  w i t h  t h e  sex lspecies p a t t e r n s  o f  h e p a t o t o x i c i t y  and 
hyperp las ia  us ing  t h e  endpoints described. 

4. The hepatocarcinogens s tud ied  w i l l  be charac ter ized  f o r  t h e  f o u r  d i f f e r e n t  
b i o l o g i c a l  e f f e c t s  assoc ia ted  w i t h  tumor promoters t h a t  have been descr ibed 
i n  P a r t  B o f  t h e  concept proposal. 
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PART B. 

The second approach i s  designed t o  o b t a i n  i n fo rma t i on  about t h e  b i o l o g i c a l 1  
biochemical e f f e c t s  o f  t h e  n o n e l e c t r o p h i l i c  carcinogens i n  b i o l o g i c a l  systems 
which have been shown t o  be responsive t o  tumor promoters. Th i s  approach i s  
based on t h e  observat ions t o  da te  t h a t  show t h a t  d i f f e r e n t  n o n e l e c t r o p h i l i c  
carcinogens p a r t i c i p a t e  i n  carc inogenesis  by d i ve rse  mechanisms and t h a t  no 
s i n g l e  mechanism ( o r  assay system) has been shown t o  account f o r  t h e  a c t i v i t i e s  
o f  a l l  o f  these chemicals (Langenbach e t  al., 1988b i n  press).  Therefore, t o  
ga in  i n s i g h t  i n t o  t h e i r  poss ib le  modes o f  ac t i on ,  f o u r  d i f f e r e n t  b i o l o g i c a l  
e f f e c t s  which have been shown t o  be associated w i t h  tumor promoters w i l l  be 
studied. 

These f o u r  systems are: (1) f o c i  enhancement i n  an i n i t i a t i o n - p r o m o t i o n  c e l l  
t r ans fo rma t i on  system; (2) i n t e r r u p t i o n  o f  c e l l - t o - c e l l  comnunication i n  t he  V79 
c e l l  system (Bohrman e t  a l .  1988); (3) d i r e c t  a c t i v a t i o n  o f  p r o t e i n  k inase C o r  
i n d i r e c t  a c t i v a t i o n  v i a  t he  i n d u c t i o n  o f  second messenger a c t i v i t y ;  and (4) 
i n d u c t i o n  o f  cytochrome P-450 a c t i v i t y  (Nims e t  a l .  1987) i n  t h e  l i v e r  o f  F344 
r a t s  and B6C3F1 mice. These systems were discussed a t  a recent  meeting a t  NIEHS 
(Langenbach e t  a l .  1988a). I t  i s  a n t i c i p a t e d  t h a t  some none lec t roph i l es  w i l l  
show a c t i v i t i e s  i n  va ry ing  numbers o f  these systems. However, some may 
n o t  show any o f  these a c t i v i t i e s ,  a f i n d i n g  which i n  i t s e l f  w i l l  be in fo rmat ive .  
Chemicals which do show b i o l o g i c a l  a c t i v i t y  i n  one o r  more o f  t h e  above systems 
w i l l  then be analyzed f o r  s t r u c t u r e l a c t i v i t y  r e l a t i o n s h i p s  and t h e  poss ib le  
i n t e r r e l a t i o n s h i p s  o f  t h e  observed b i o l o g i c a l  e f f e c t s .  I t  i s  hoped t h a t  a 
c l a s s i f i c a t i o n  o f  these chemicals based on t h e  b i o l o g i c a l  e f f e c t s  and t h e  known 
bioassay r e s u l t s  ( i n c l u d i n g  tumor s i t e s )  w i l l  r e s u l t  i n  an improved 
understanding o f  t h e i r  b i o l o g i c a l  mechanisms. 

The f o l l o w i n g  major  outcomes a re  expected. F i r s t ,  i t  w i l l  be poss ib le  t o  group 
the  n o n e l e c t r o p h i l i c  chemicals by b i o l o g i c a l  ef fectslmechanisms i n  these 
systems. Second, poss ib le  s t r u c t u r e l a c t i v i t y  r e l a t i o n s h i p  may be i d e n t i f i e d .  
Th i rd ,  t h e  poss ib le  assoc ia t i on  o f  a c t i v i t y  i n  each o f  t h e  f o u r  systems w i t h  
tumors s i t e ( s )  i n  t he  rodent  w i l l  be determined. F i n a l l y ,  i t  i s  hoped t h a t  a 
b e t t e r  mechan is t i c  understanding(s),  i n c l u d i n g  poss ib le  comnon unde r l y i ng  o r  
i n t e r r e l a t e d  mechanisms, o f  t h i s  c l ass  o f  chemicals w i l l  emerge. 

The s tud ies  descr ibed i n  Pa r t s  A and B o f  t h i s  proposal w i l l  be coord inated i n  a 
manner such t h a t  t h e  chemicals s tud ied  i n  P a r t  A w i l l  be i nc luded  among the  
chemicals s tud ied  i n  P a r t  B. 
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Part A. 

Objectives: 

1. To test the following hypothesis: 

The chemical induction of scheduled DNA synthesis 

(SDS or S-phase) in rodent liver cells is an 

indicator of the potential hepatocarcinogenicity 

of that chemical 

2. To develope the S-phase endpoint as an assay 

to detect hepatocarcinogens, especially those 

that are defined as being nongenotoxic. 



Background: 

1. The in vitro DNA damage/repair (UDS) assay in 

rodent hepatocytes: 

sensitivity?; specificity?; predictivity?; 

2. The in vivo-in vitro UDS assay in rodent 

hepatocytes: 

sensitivity?; specificity?; predictivity?; 

3. Induction of scheduled DNA synthesis: 

Retrospective Study: 

a. 4 / 4  genotoxic hepatocarcinogens induce 

S-phase in the appropriate sex/species 

- bis(2-chloro-1-methylethy1)ether 

- (H.C. Blue 1 vs H.C. Blue 2) 
b. 7/8 nongenotoxic hepatocarcinogens induce 

S-phase in the appropriate sex/species 

- carbon tetrachloride; chloroform 

- (1,1,2,2-tetrachloroethane) 



Priority Questions: 

1. Specificity of the assay: 

a) sex/species; re: hepatocarcinogenicity 

-bis(Z-chloro-1-methylethy1)ether 

-, -, ; L+, + 

-selenium sulfide L,- ; -,L 

-1,Z-dichloropropane -,E ; L,L 



Sensitivity and specificity of the assay: 
Carcinogens and noncarcinogens 

a) genotoxins: 

1) hepatocarcinogens 

- 2,4-diaminotoluene vs (2,6-diaminotoluene) 

- H.C. Blue 1 vs (H.C. Blue 2) 

- furan 

2) nonhepatocarcinogens 

- o-anisidine 

- 1,2,-dichloroethane 

- dimethyl hydrogen phosphite 

3) noncarcinogens - see part 1) 



b) nongenotoxins: 

1) hepatocarcinogens 

- cinnamyl anthranilate 

- dichloromethane 

- 1,4-dioxane 

- methyl carbamate 

2) nonhepatocarcinogens 

- phenesterin 

- nitriloacetic acid 

- reserpine 

- N,N-diethylthiourea 

3) noncarcinogens 

- bisphenol A 

- DL-menthol 

4) hepatotoxic noncarcinogens 

- acetaminophen 

- lead nitrate 



1. (Specificity of the assay: re: sex/species) 

2. (Specificity and Sensitivity of the assay: 
Carcinogens and noncarcinogens) 

3. Can the S-phase endpoint be developed into a 

short term in vivo assay that detects 

potential hepatocarcinogens? 

4. Is the S-phase endpoint especially useful for 

detecting nongenotoxic hepatocarcinogens? 

5. Is a repetitive dosing protocol more optimal 

for S-phase induction than a single acute dose? 

The nongenotoxic chemicals selected for determining the sensitivity 
and specificity of the S-phase endpoint will also be included in 
the studies described by Dr. Langenbach in Part B of this proposal. 



ATTACHMENT 7 

Dr .  Robert  Langenbach 
C e l l u l a r  and Genet ic 

Toxico logy Branch 
91 91541 -7558 

May 2, I988 

CONCEPT REVIEW 

TITLE: DNA adducts i n  rodent  and human t i ssues  

PERIOD AND TYPE OF AWARDS: 5 years  - Research and Development Contract ;  
One award an t i c i pa ted ;  $200,00O/year 

FUNDING MECHANISM: Compet i t ive Cont rac t  Award 

A f t e r  e s t a b l i s h i n g  t h e  c a r c i n o g e n i c i t y  o f  a chemical i n  t h e  rodent  bioassay, a 
major  chal lenge i s  t he  e x t r a p o l a t i o n  o f  rodent  c a r c i n o g e n i c i t y  da ta  t o  humans. 
The magnitude o f  t h e  chal lenge o f  rodent  t o  human e x t r a p o l a t i o n  becomes more 
obvious when one considers t h e  d i f f i c u l t i e s  o f  even e x t r a p o l a t i o n  from mouse t o  
r a t  ( o r  v ice-versa)  when carc inogenesis  da ta  f o r  o n l y  one species i s  known. 
Th is  e x t r a p o l a t i o n  process cou ld  be a ided by a knowledge o f  species d i f f e r e n c e s  
i n  b i o l o g i c a l l b i o c h e m i c a l  e f f e c t s  induced by t h e  chemicals. Some f a c t o r s  which 
c o n t r i b u t e  t o  species d i f f e r e n c e s  i n  response t o  chemical carcinogens a r e  known' 
(Langenbach e t  a l ,  1983), and i t  i s  g e n e r a l l y  agreed t h a t  d i f f e r e n c e s  i n  metabo- 
1 ism a r e  a major  f ac to r .  While t o t a l  metabolism o f  a chemical i s  g e n e r a l l y  no t  
p r e d i c t i v e  o f  tumorigenesis,  an aspect o f  t h e  metabo l i c  process t h a t  i s  impor- 
t a n t  i n  de termin ing  t h e  carc inogenic  e f f e c t  o f  a genotox ic  chemical i s  t h e  
amount o f  DNA r e a c t i v e  in te rmed ia tes  formed. DNA adducts t h e r e f o r e  a re  a 
measure o f  a chemical DNA r e a c t i v i t y .  Furthermore, DNA adducts can serve as a 
dosimeter (Perera, 1987) o f  t h e  b i o l o g i c a l l y  e f f e c t i v e  dose o f  a chemical t h a t  a 
t i ssue lo rgan  receives. The purpose o f  t h i s  s tudy i s  t o  o b t a i n  DNA carcinogen 
adduct da ta  t h a t  u l t i m a t e l y  w i l l  be use fu l  i n  human mon i to r i ng  approaches and 
a l s o  f o r  rodent  t o  human carc inogenesis  ex t rapo la t i on .  

The approaches w i l l  be d i v i d e d  i n t o  two major  pa r t s :  

A. F i r s t ,  t h e  na ture  and amount o f  DNA adducts i n  t a r g e t  organs i n  t he  r a t  
and lo r  mouse w i l l  be de termined. \~ \~he DNA adducts i n  t h e  t a r g e t  t i s s u e  w i  11 then 
be compared t o  adducts i n  a nontarge t  t i s s u e  and t o  those i n  c i r c u l a t i n g  
lymphocytes i n  t h e  same species. A dose response study o f  t h e  chemical(s) f rom 
t h e  doses which gave a tumor igenic  response t o  low doses which a r e  n o t  
s t a t i s t i c a l l y  de tec tab le  as tumor igenic  i n  t h e  bioassay w i l l  be conducted. 
Chemicals which a r e  carc inogenic  i n  bo th  species as w e l l  as those t h a t  a re  
carc inogen ic  i n  one species b u t  l e s s  po ten t  ( o r  even non-carginogenic) i n  t he  
o t h e r  species w i l l  be u t i l i z e d .  Species d i f f e r e n c e s  i n  DNA adduct removal w i l l  
a l s o  be determined. L i v e r  and lung w i l l  be t h e  major  rodent  t a r g e t  t i s sues  
studied. Chemicals s tud ied  i n  t h e  NTP bioassay which induce tumors a t  these 
s i t e s  w i  11 be u t i  1 i z e d  and DNA adducts w i  11 be measured by 3 2 ~ - p o s t  l a b e l i n g  
(Gupta, 1987). For chemicals of over lapp ing  i n t e r e s t  t h i s  p r o j e c t  w i l l  be 
coord inated w i t h  Dr .  Caspary' s (see accompanying concept). 
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The f o l l o w i n g  major  outcomes a r e  expected. F i r s t ,  DNA adduct dosimetry  as i t  
r e l a t e s  t o  carc inogen ic  potency i n  t a r g e t  rodent  t i s sues  w i l l  be obtained. 
Second, da ta  r e l e v a n t  t o  low-dose e x t r a p o l a t i o n  w i l l  be obtained. Th i rd ,  DNA 
dosimetry  i n  lymphocytes and t a r g e t  t i s s u e  w i l l  be compared and t h e  r e s u l t s  w i l l  
be i n f o r m a t i v e  i n  understanding t h e  v a l i d i t y  o f  us ing  c i r c u l a t i n g  b lood c e l l s  as 
a measure o f  t a r g e t  t i s s u e  exposure. Four th  a b e t t e r  understanding o f  t h e  r o l e  
o f  DNA adducts i n  determin ing t a r g e t  vs. nontarge t  t i s s u e s  should be obtained. 

B. I n  t h e  second approach DNA adducts from bo th  rodent  and human t i s s u e  w i l l  be 
analyzed. S tud ies  have i n d i c a t e d  t h a t  f o r  many carcinogens comon tumor s i t e s  
e x i s t  between t e s t  species and humans (Wilbourn e t  a l .  1986). L i v e r  w i l l  be the  
major  t i s s u e  studied;  however, when poss ib le  lymphocytes f rom t h e  human l i v e r  

i ssue donors w i l l  be obta ined and u t i l i z e d .  DNA adducts w i l l  be measured by 
S2P-post 1 abel i ng . 
DNA adducts f rom t a r g e t  rodent  t i s s u e s  w i l l  be determined f rom i n  v i v o  exposures 
as descr ibed above. However, because DNA adducts from human t i s s u e s x p o s e d  i n  
v i v o  would n o t  be a v a i l a b l e ,  human hepatocytes would have t o  be exposed i n  v i 5 o  - -- 
t o  t h e  chemical. Therefore, before t h e  approach cou ld  be u t i l i z e d ,  t h e  
r e l a t i o n s h i p  o f  adducts formed by rodent  l i v e r  i n  v i v o  t o  adducts formed by 
rodent  hepatocytes i n  v i t r o  would have t o  be established. A f t e r  e s t a b l i s h i n g  
the  r e l a t i o n s h i p  o f f  n v i v o  t o  -- i n  v i t r o  adducts, human hepatocytes would be ' 

exposed t o  t h e  chemical i n  v i t r o .  The es t ima t i on  o f  human l i v e r  adducts i n  v i v o  -- -- 
would then complete t h i s  pa ra l l e l og ram approach. Extensive dose response 
s tud ies  i n  v i t r o  would be conducted t o  d e t e c t  poss ib le  t h resho ld  d i f f e r e n c e s  
between h u m a n d  rodent  hepatocytes. Human lymphocytes would a l s o  be exposed 
i n  v i t r o  a t  var ious  doses t o  determine poss ib le  d i f f e r e n c e s  between lymphocytes -- 
and hepatocytes from t h e  same i n d i v i d u a l .  

The f o l  low ing  major  outcomes a r e  expected. F i r s t ,  d i f f e r e n c e s  ( o r  s i m i l a r i t i e s )  
i n  DNA adduct fo rmat ion  i n  rodent  and human l i v e r  w i l l  be determined and these 
da ta  w i l l  be use fu l  f o r  t h e  q u a n t i t a t i v e  e x t r a p o l a t i o n  o f  rodent  carc inogenesis  
da ta  t o  humans. Second, t h e  e x t e n t  o f  i n t e r i n d i v i d u a l  v a r i a t i o n  i n  adduct 
fo rmat ion  i n  human hepatocytes and lymphocytes w i l l  be determined. Thi rd,  
a b e t t e r  understanding o f  t h e  r e l a t i o n s h i p  between adduct dosimetry  i n  human 
lymphocytes and adduct dosimetry  i n  human l i v e r  w i l l  be obtained. 

For bo th  p a r t s  A and B, animal t o  animal v a r i a t i o n  w i t h  t h e  same sex/species i n  
DNA adduct fo rmat ion  a r e  expected t o  be low (Har r is ,  1985). However, i n t e r i n -  
d i v i d u a l  v a r i a t i o n  w i t h  human t i s s u e  samples i s  expected t o  be l a r g e  (Har r is ,  
1985,1987; Rudo e t  a l .  1987) and t h e r e f o r e  i t  i s  est imated t h a t  a t  l e a s t  10 
human specimens w i l l  be needed f o r  each chemical studied. I t  i s  a n t i c i p a t e d  
t h a t  an average o f  5 chemicals pe r  yea r  over  a 5 year  p e r i o d  can be s tud ied  i n  
p a r t  A. I n  p a r t  B o n l y  1-2 chemicals pe r  yea r  w i l l  be studied. 
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OBJECTIVES: 

1. The C e l l u l a r  and Genet ic Toxico logy Branch has been examining t h e  mutagenic 
a c t i v i t y  o f  compounds t h a t  have been t e s t e d  i n  t h e  NTP rodent  c a r c i n o g e n i c i t y  
assay. A t  present ,  t he re  a r e  c a r c i n o g e n i c i t y  and mu tagen ic i t y  r e s u l t s  
(Salmonel la revers ion ,  mouse lymphoma forward mutat ions,  CHO a b e r r a t i o n  and SCE 
r e s u l t s )  f o r  over 260 chemicals. From t h i s  group of chemicals, a  number have 
been t e n t a t i v e l y  i d e n t i f i e d  as nonmutagenic carcinogens and mutagenic 
noncarcinogens. Th i s  concept w i l l  emphasize, though n o t  be r e s t r i c t e d  t o ,  
s tud ies  t o  be performed w i t h  t h i s  d iscordant  group o f  chemicals. 

DNA adducts a r e  measures o f  g e n o t o x i c i t y  o f  a  chemical. They have been 
imp l i ca ted  as p r imary  l es ions  lead ing  t o  mutagenesis and carcinogenesis.  They 
can be measured i n  v i v o  and i n  v i t r o .  An o b j e c t i v e  o f  t h i s  e f f o r t  i s  t o  measure 
adducts i n  t a r g e t  and non- target  t i s s u e  o f  rodents and i n  c e l l s  used f o r  
mu tagen ic i t y  s tudies.  Th i s  w i l l  p rov ide  f u r t h e r  i n fo rma t i on  on t h e  v a l i d i t y  o f  
such terms as nongenotoxic carcinogens and genotox ic  noncarcinogens. As a  
secondary r e s u l t  o f  t h i s  study, chemicals w i l l  be ca tegor ized  i n t o  c lasses 
de f i ned  by t h e i r  responses t o  adduct ion and i t s  r e p a i r ,  and t o  carc inogenic  and 
mutagenic a c t i v i t y  o f  chemicals. Th is  c a t e g o r i z a t i o n  w i l l  be use fu l  i n  designing 
f u t u r e  experiments t o  understand t h e  hos t  response t o  these chemicals. For 
example, compounds t h a t  do n o t  adduct t o  DNA and a r e  n o t  mutagenic migh t  be 
candidates f o r  s tud ies  on t h e i r  a b i l i t y  t o  modulate CpG me thy la t i on  p a t t e r n s  i n  
t h e  genome. 

2. Much work has been performed on t h e  r e l a t i o n s h i p  between adducts i n  b u l k  
DNA and carc inogenesis  and mutagenesis. While r e l a t i o n s h i p s  a r e  o f t e n  found, 
they  a r e  g e n e r a l l y  n o t  un iversa l .  Lack o f  concordance between DNA adduct ion and 
tumor fo rmat ion  may be due t o  our  i n a b i l i t y  t o  examine adduct ion a t  t h e  
app rop r i a te  t a rge t .  There i s  evidence t h a t  r e s u l t s  o f  b u l k  DNA adduct ion and CpG 
me thy la t i on  s tud ies  can d i f f e r  s i g n i f i c a n t l y  f rom those on s p e c i f i c  reg ions o f  
DNA. Therefore, another  o b j e c t i v e  o f  t h i s  e f f o r t  i s  t o  s tudy t h e  i n d u c t i o n  o f  
DNA l e s i o n s  and t h e  r e p a i r  o f  these l e s i o n s  a t  s p e c i f i c  f u n c t i o n a l  and 
s t r u c t u r a l  reg ions o f  t h e  chromatin and t o  examine CpG me thy la t i on  p a t t e r n s  a t  
these s i t e s .  C e l l s  used i n  muta t ion  s tud ies  and t a r g e t  and nontarge t  t i s s u e  i n  
rodents w i l l  be studied. Three areas w i l l  be emphasized: 1. Genomic regions 
associated w i t h  t h e  nuc lear  m a t r i x  a re  a c t i v e l y  t r a n s c r i b e d  and w i l l  be examined 
f o r  adducts and CpG me thy la t i on  pa t te rns .  2. DNA sequencing techniques w i l l  be 
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used t o  examine s p e c i f i c  sequences t h a t  a re  e s p e c i a l l y  suscep t i b le  t o  adduction. 
Me thy la t i on  p a t t e r n s  a t  these s i t e s  w i l l  be examined s ince  a t l e a s t  some 
carcinogens seem t o  p r e f e r e n t i a l l y  b i n d  t o  guanine r i c h  regions o f  t h e  genome 
and these adducts can i n h i b i t  methyl  t ransferase.  3. Adducts a t  s p e c i f i c  genes 
such as var ious  oncogenes o r  se lec tab le  genes w i l l  be moni tored f o r  adduct ion 
and methy la t ion .  These endpoints w i l l  be compared w i t h i n  a c e l l  system t o  see 
i f  DNA m o d i f i c a t i o n  a t  one gene i s  rep resen ta t i ve  o f  m o d i f i c a t i o n s  a t  another 
gene and between rodent  t i s s u e  and c e l l s  i n  cu l t u re .  

Note: Th i s  branch i s  developing a t ransgen ic  mouse model t o  be used i n  
mutagenesis s tudies.  A long  term goal o f  t h i s  second o b j e c t i v e  would be t o  
l i n k  techniques t h a t  w i l l  be developed f o r  measuring DNA adducts a t  s p e c i f i c  
genes w i t h  t h e  t ransgen ic  mouse model f o r  mutagenesis. 

BACKGROUND: 

I n  Vivo and I n  V i t r o  Tests Used t o  I d e n t i f y  Mutagens and Carcinogens: 

Carcinogens do n o t  always induce tumors u n i f o r m l y  i n  bo th  sexes and/or i n  
d i f f e r e n t  rodent  species. I n  a recent  ana l ys i s  o f  73 chemicals t e s t e d  by t h e  
NTP (Tennant e t  a l ,  1987), t h e  concordance i n  t h e  carc inogen ic  responses between 
the  r a t  and mouse was 67%. Th i s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  
h i s t o r i c a l  concordance o f  74% f o r  r a t  and mouse (198 o f  266) f o r  a l l  chemicals 
s tud ied  by t h e  NTP (Hu f f  e t  al., 1986). 

For t h e  73 NTP chemicals, t h e  concordance between c a r c i n o g e n i c i t y  r e s u l t s  i n  t he  
rodent  bioassay and mutagen ic i ty  r e s u l t s  i n  each o f  f o u r  corrmonly used i n  v i t r o  
assays was approx imate ly  60%. I n  these s tud ies ,  a number o f  carcinogens have 
been i d e n t i f i e d  t h a t  were n o t  a b l e  t o  induce a mutagenic response i n  any o f  t he  
mu tagen ic i t y  assays under t h e  p r o t o c o l s  used. These chemicals a r e  t e n t a t i v e l y  
i d e n t i f i e d  as non-mutagenic carcinogens and i t  i s  presumed, u n t i l  evidence shows 
otherwise,  t h a t  t h e  mechanism o f  tumor fo rmat ion  does n o t  i n v o l v e  DNA damage. 
S i m i l a r l y ,  compounds have been i d e n t i f i e d  t h a t  a r e  mutagenic noncarcinogens. 

The d isc repanc ies  i n  tumor igenic  responses between d i f f e r e n t  species and 
oppos i te  sexes o f  t h e  same species and t h e  d isc repanc ies  between i n  v i t r o  and i n  
v i v o  r e s u l t s  p rov ide  an oppo r tun i t y  t o  examine these systems f u r t h e r  i n  an 
at tempt  t o  understand t h e  mechanisms lead ing  t o  t h e  l a c k  o f  agreement. 

DNA Adducts 

The f a c t o r s  t h a t  i n f l u e n c e  t h e  ex ten t  o f  adduct ion and t h e  i d e n t i t y  o f  t h e  
adduct produced by a p a r t i c u l a r  chemical a r e  n o t  complete ly  understood. For 
a l k y l a t i n g  agents t h a t  f a v o r  SN2 chemistry,  r eac t i ons  tend t o  occur a t  s i t e s  
w i t h  r e l a t i v e l y  h igh  n u c l e o p h i l i c  s t reng th  such as N7 o f  guanine. As t h e  
r e a c t i o n  mechanism shows more SN1 character ,  exocyc l i c  s i t e s  such as 06 o f  
guanine w i l l  a t t r a c t  more adduction. Whi le 06 and N7 guanine reac t i ons  appear t o  
dominate t h e  reac t i ons  o f  a l k y l a t i n g  agents w i t h  DNA, a d i f f e r e n t  p a t t e r n  
appears w i t h  l a r g e r  carcinogens and mutagens. P o l y c y c l i c  aromat ic  hydrocarbons 
p r e f e r  N2 o f  guanine and many aromat ic  amines r e a c t  a t  C-8 o f  guanine. Thus, i t  



Page 3 

i s  d i f f i c u l t  t o  d i sce rn  any r e l a t i o n s h i p  between s i t e  s p e c i f i c  r e a c t i v i t y  and 
mutagenesis and carcinogenesis.  However, f o r  chemical analogs t h a t  mod i fy  
s i m i l a r  s i t e s ,  c o r r e l a t i o n s  between l e v e l s  o f  b ind ing  and c a r c i n o g e n i c i t y  and 
mu tagen ic i t y  a re  o f t e n  found. 

Gene S p e c i f i c i t y  f o r  I n d u c t i o n  and Repair  o f  DNA Damage 

I n  most o f  t h e  s tud ies  a t tempt ing  t o  r e l a t e  DNA damage and b i o l o g i c a l  endpoints 
such as carcinogenesis,  mutagenesis, and s u r v i v a l ,  i t  has been assumed t h a t  
i n d u c t i o n  and r e p a i r  o f  DNA damage i s  un i f o rm throughout t h e  genome. I t  has 
a l s o  been assumed t h a t  t he  genome i s  u n i f o r m l y  mutable. Most DNA adduct ion and 
r e p a i r  s tud ies  have been performed on b u l k  DNA. The genome i s ,  however, 
f u n c t i o n a l l y  and s t r u c t u r a l l y  heterogeneous. I t  would n o t  be s u r p r i s i n g  i f  the  
e f f e c t s  o f  t he  i n d u c t i o n  and r e p a i r  of c r i t i c a l  DNA l e s i o n s  depended on the  
a c c e s s i b i l i t y  o f  p a r t i c u l a r  genomic regions t o  t h e  chemical and t o  r e p a i r  
enzymes and cou ld  n o t  be i n f e r r e d  from s tud ies  on b u l k  DNA. 

A number o f  compounds have been found t o  p r e f e r e n t i a l l y  b i n d  t o  regions o f  . 
chromatin t h a t  a r e  d i g e s t i b l e  by DNase I ( B a i l e y  e t  a l ,  1980; Cox, 1979; Pegg 
and Hui 1978; Baranyi-Furlone and Goodman, 1984). Other workers have e x p l o i t e d  
t h e  ease o f  i s o l a t i o n  o f  r e p e t i t i v e  sequences i n  genomic DNA by t h e  use o f  
r e s t r i c t i o n  enzymes (Gupta, 1984; Leadon and Hanawalt, 1984; Zolan e t  a l ,  
1984). While these s tud ies  show t h a t  t he  i n d u c t i o n  and r e p a i r  o f  DNA les ions  
can be s p e c i f i c  f o r  c e r t a i n  regions o f  t he  genome, t h e  s i g n i f i c a n c e  o f  these 
s tud ies  i s  n o t  c l e a r  because o f  t h e  u n c e r t a i n t y  i n  t h e  f u n c t i o n  o f  these 
regions. However, more r e l e v a n t  regions o f  t h e  genome have been studied. 
Perhaps t h e  most s i g n i f i c a n t  a r e  those which have shown t h a t  DNA associated 
w i t h  s p e c i f i c  genes, w i t h  s p e c i f i c  sequences o r  w i t h  t he  nuc lear  s c a f f o l d  show 
responses t o  t h e  i n d u c t i o n  and r e p a i r  o f  chemica l l y  induced DNA l e s i o n s  
d i f f e r e n t  f rom b u l k  DNA. 

A c t i v e l y  t r ansc r i bed  genes show d i f f e r e n t  adduct ion p a t t e r n s  than 
non- t ranscr ibed DNA. For example, Gupta e t  a1 (1985) f r a c t i o n a t e d  DNA loops 
i n t o  t h r e e  reg ions  and found non-random pe rs i s tence  o f  t h e  deacety la ted  
AAF-guanine adduct w i t h  r e p a i r  be ing  markedly l e s s  e f f i c i e n t  a t  l e s i o n  s i t e s  
c lose  t o  t h e  l o o p ' s  attachment t o  t h e  sca f fo ld .  Benzo(a)pyrene adducts a l s o  
showed s i t e  s p e c i f i c  adduct ion w i t h  DNA a t  t h e  reg ion  o f  t h e  DNA l o o p ' s  
assoc ia t i on  w i t h  t h e  m a t r i x  (Hemninki and Vain io,  1979; Ueyama e t  a l ,  1981; 
Mironov e t  a l ,  1983). While these and o the r  i n v e s t i g a t o r s  have i s o l a t e d  DNA i n  
assoc ia t i on  w i t h  t h e  nuc lear  m a t r i x ,  t h e  t r a n s c r i p t i o n a l  a c t i v i t y  o f  genomic 
m a t e r i a l  i n  each o f  t h e  i s o l a t e d  f r a c t i o n s  has o n l y  been assumed and n o t  shown 
i n  concurrent  s tudies.  Obi e t  a1 (1986) and Ryan e t  a1 (1986) have attempted t o  
deal w i t h  t h i s  c r i t i c i s m  by measuring t h e  d i s t r i b u t i o n  o f  t r a n s c r i b e d  and 
non- t ranscr ibed DNA sequences i n  f o u r  l i v e r  subnuclear f r a c t i o n s  by  d o t - b l o t  
h y b r i d i z a t i o n .  A c t i v e l y  t r ansc r i bed  genes had d i f f e r e n t  adduct ion p a t t e r n s  than 
t h e  remainder o f  t h e  DNA i n  t he  genome. 

I n  1985, Bohr e t  a1 in t roduced a  new approach t o  i d e n t i f y  adducts a t  s p e c i f i c  
sequences o f  DNA. They q u a n t i f i e d  t h e  r e p a i r  o f  thymid ine dimers a f t e r  uv 
i r r a d i a t i o n  i n  t h e  a c t i v e  d l h y d r o f o l a t e  reductase (DHFR) gene t h a t  was a m p l i f i e d  
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50-fold.  R e s t r i c t e d  genomic DNA was t r e a t e d  w i t h  T4 endonuclease V, 
e lect rophoresed and hyb r i d i zed  t o  an DHFR probe. The T4 endonuclease generates 
s t rand  breaks a t  py r im id ine  dimer s i t e s  and t h i s  technique i s  l i m i t e d  t o  
examining compounds t h a t  induce py r im id ine  dimers. The p r o p o r t i o n  o f  fragments 
f r e e  o f  endonuclease s e n s i t i v e  s i t e s  i n  each sample was determined from t h e  
d i f f e r e n c e  i n  t he  amount o f  probe hyb r i d i zed  a t  t h e  p o s i t i o n  o f  f u l l  l eng th  
fragments f o r  enzyme t r e a t e d  and un t rea ted  samples. 

Using these techniques, Bohr e t  a1 (1985, 1986) found t h a t  more than two t h i r d s  
o f  t he  dimers were removed from a 14.1 kb r e s t r i c t i o n  fragment o f  t h e  gene 26 
hours a f t e r  i r r a d i a t i o n  (20 J l s q  m) w h i l e  l i t t l e  removal was de tec ted  i n  
upstream fragments and 15% removed from the  b u l k  genome. These authors a l s o  
i n v e s t i g a t e d  t h e  paradoxica l  phenomenon t h a t  rodent  c e l l  l i n e s  t y p i c a l l y  e x h i b i t  
uv res i s tance  s i m i l a r  t o  t h a t  o f  r e p a i r  p r o f i c i e n t  human c e l l  l i n e s  even though 
they  r e p a i r  such damage w i t h  much l e s s  e f f i c i e n c y .  Examining DNA r e p a i r  a t  the  
DHFR gene i n  human and rodent  c e l l s ,  they  found s i m i l a r  r e p a i r  capac i ty ,  even 
though t h e r e  were d i f f e r e n c e s  a t  t he  b u l k  DNA l e v e l .  

The most general  method t o  da te  t h a t  measures adduct ion a t  s p e c i f i c  genes 
i nvo l ves  t h e  use o f  ABC excinuclease (Thomas e t  a l ,  1985). Th i s  method (Thomas 
e t  a l ,  i n  press)  i s  s i m i l a r  t o  t h e  method us ing  T4 endonuclease b u t  has g r e a t l y  
expanded t h e  spectrum o f  adducts t h a t  can be monitored. Using t h i s  method, they 
have s tud ied  adducts induced by benzo(a)pyene, mi tomyci n C ,  psora l  ens, 
4 - n i t r o q u i n o l i n e ,  p la t i num drugs, adr iamycin, n i t r o g e n  and s u l f u r  mustards, 
n i t r o u s  ac id ,  carbodimide, and uv. 

Chemical DNA i n t e r a c t i o n s  appear t o  be DNA sequence s p e c i f i c .  Using DNA 
sequencing ge ls ,  H a r t l e y  e t  a1 (1986) have shown t h a t ,  when p lasmid DNA i s  
t r e a t e d  w i t h  a s e r i e s  o f  t h ree  an t i tumor  c h l o r o e t h y l a t i n g  agents, t he  one w i t h  
t he  most e l e c t r o p h i l i c  charac ter  p r e f e r e n t i a l l y  produced N7-guanine adducts i n  
guanine r i c h  regions o f  t h e  genome w h i l e  those w i t h  l e s s  e l e c t r o p h i l i c  character  
showed no sequence s p e c i f i c i t y .  S i m i l a r  r e s u l t s  were obta ined w i t h  mustard 
analogs (Mattes e t  a l ,  1986). Benzo(a)pyrene d io l -epox ide  has a l s o  been shown t o  
p r e f e r e n t i a l l y  b i n d  t o  guanine r i c h  sequences (Lobanenkov e t  a l ,  1986). 

These da ta  suggest t h a t  DNA damage c o n t r o l  can vary  accord ing t o  f u n c t i o n  o r  
a c t i v i t y  o f  t h e  a f f e c t e d  sequences and t h a t  b u l k  DNA damage may n o t  p rov ide  an 
accurate p i c t u r e  o f  t he  r o l e  o f  i n d u c t i o n  o f  DNA damage and r e p a i r  i n  
mutagenesis and carcinogenesis.  I t  a l s o  emphasizes t h e  need t o  develop methods 
t o  examine DNA m o d i f i c a t i o n s  a t  s p e c i f i c  reg ions o f  t he  genome. I f  t h e  l o c a t i o n  
o f  t h e  l e s i o n  on DNA i s  impor tan t  i n  t he  i n i t i a t i o n  o f  mutagenesis and 
carcinogenesis,  then many o f  our  ideas about t h e  mechanism o f  a c t i o n  o f  
chemicals may have t o  be rev i sed  s ince  prev ious  da ta  on b u l k  DNA may n o t  be 
re levant .  

Me thy la t i on  

There i s  a form o f  adduct ion whose e f f e c t s  a re  considered t o  be ep igene t i c  
r a t h e r  than genotoxic.  The changes associated w i t h  t h i s  type  o f  adduct ion a r e  
h e r i t a b l e  from paren t  t o  daughter c e l l  and can masquerade as mutat ions. For 
mutat ions,  t h e  h e r i t a b l e  l e s i o n  i s  a change i n  base sequence (e.g., base p a i r  
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s u b s t i t u t i o n ,  d e l e t i o n ,  etc.). For t h e  ep igene t i c  e f f e c t ,  t h e  h e r i t a b l e  l e s i o n  
i s  a methy lated base. The me thy la t i on  i s  s p e c i f i c . f o r  one base - t h e  5 p o s i t i o n  
o f  c y t i d i n e  l oca ted  a t  t h e  5 '  end o f  a  CG palindrome. A number o f  i n v e s t i g a t o r s  
have shown a c o r r e l a t i o n  between hypomethylat ion a t  t h i s  p o s i t i o n  and gene 
express ion ( f o r  review, see Doer f l e r ,  1983). 

The v e r t e b r a t e  genome i s  d e f i c i e n t  i n  c y t i d i n e  and guanine bases. There a re  
about 30,000 c l u s t e r s  o f  CpG s i t e s  a t  t h e  5 '  end o f  many llhousekeepingM genes, 
b u t  these c l u s t e r s  o r  " i s l ands "  a r e  no t  found i n  most t i s s u e  s p e c i f i c  genes 
(B i rd ,  1985; B i rd ,  1987). The is lands ,  u n l i k e  most o f  t h e  DNA from 
ver tebra tes ,  a r e  n o t  d e f i c i e n t  i n  CpG and a re  n o t  methylated. I t  appears t h a t  
these i s l a n d s  tend t o  extend downstream i n t o  t h e  t ransc r i bed  region,  u s u a l l y  
i n c l u d i n g  t h e  f i r s t  one o r  two exons. CpG i s l a n d s  a r e  l i k e l y  t o  con ta in  t he  
gene's promoters. There i s  evidence suggest ing t h a t  t h e  degree o f  me thy la t i on  o f  
these i s l a n d s  i s  assoc ia ted  w i t h  t he  t r a n s c r i p t i o n a l  s t a t e  o f  t h e  gene (Keshet 
e t  a l ,  1985). Since these i s l ands  apparent ly  a re  n o t  assoc ia ted  w i t h  t i s s u e  
s p e c i f i c  genes such as t h e  g-g lob in  gene, me thy la t i on  may n o t  a f f e c t  t he  a b i l i t y  
o f  these genes t o  t ranscr ibe .  

More recent  evidence (Melton e t  a l ,  1986; McGrogan e t  a l ,  1985; Sazer e t  a l ,  
1986; I s h i i  e t  a l ,  1985a; I s h i i  e t  a l ,  1985b) suggests t h a t  t h e  promoter regions 
f o r  housekeeping genes do n o t  con ta in  t he  TATA box sequence found i n  t h e  
concensus promoter sequences o f  t i s s u e  s p e c i f i c  genes. For example, t h e  5 '  
f l a n k i n g  regions o f  HPRT and DHFR genes a re  CG r i ch .  I n t e r e s t i n g l y ,  t he  
epidermal growth f a c t o r  gene and the  Harvey ras  oncogene a l s o  con ta in  n e i t h e r  a 
TATA nor  a CAAT box and a re  CG r i c h  i n  t he  5 '  f l a n k i n g  region. T issue s p e c i f i c  
genes such as those f o r  h is tones,  imnunoglobins, g lob ins ,  e t c ,  produce l a r g e  
amounts o f  RNA du r i ng  c e r t a i n  phases o f  development whereas housekeeping genes 
d i r e c t  RNA syn thes is  i n  a l l  c e l l s  w i t h  l e s s  r e g u l a t i o n  and a t  r e l a t i v e l y  low 
l eve l s .  The CG r i c h  regions a re  p o t e n t i a l  s i t e s  o f  b i n d i n g  o f  t h e  Sp l  
t r a n s c r i p t i o n  f a c t o r .  B i r d  (1985) has suggested t h a t  Sp l  may h inde r  me thy la t i on  
o f  cy tos ines  i n  t h i s  reg ion  lead ing  t o  a hypomethylated s ta te .  As mentioned 
p rev ious l y ,  CG r i c h  s i t e s  a r e  a l s o  p r e f e r e n t i a l  s i t e s  f o r  DNA adduction. 

Not o n l y  do chemical carcinogens b i n d  a t  CG r i c h  s i t e s  i n  t h e  genome, a number 
o f  them have a l s o  been shown t o  i n h i b i t  DNA-methyltransferase. I n  experiments 
performed by Wilson and Jones (1983) and Wojciechowski and Meehan (1984), 
DNA-methyltransferase was examined f o r  i t s  a b i l i t y  t o  t r a n s f e r  a methyl  group 
from S-adenosylmethionine t o  hemimethylated DNA. Ten carcinogens were examined 
and a1 1 i n h i b i t e d  t h e  methyl  t r a n s f e r  reac t ion .  Wilson and Jones (1983) 
examined t h e  b u l k  DNA 5-methylcytosine conten t  o f  CG pa l  indromes i n  C3HIlOT112 
and BALBl3T3 c e l l  l i n e s  a f t e r  t reatment  w i t h  t r ans fo rma t i on  induc ing  doses o f  
benzo(a)pyrene and found t h a t  t he  5-methylcytosine conten t  was reduced i n  
BALBl3T3 c e l l  l i n e .  Me thy la t i on  p a t t e r n s  a t  s p e c i f i c  genes were n o t  examined. 

Wilson and Jones (1983) showed t h a t  a1 k y l a t i o n  o f  DNA by benzo(a)pyrene 
d io lepox ide  i n h i b i t e d  methy l t rans ferase  a c t i v i t y .  However, adduct fo rmat ion  w i t h  
t h i s  compound d i d  n o t  have t o  occur a t  t he  me thy la t i on  s i t e s  t o  i n h i b i t  t h e  
enzyme. Th i s  suggested t h a t  t h e  b u l k y  adduct prevented a c c e s s i b i l i t y  o f  t he  
subs t ra te  t o  t h e  enzyme o r  i n h i b i t e d  t h e  processive scanning f u n c t i o n  o f  t he  
enzyme. 
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When compared w i t h  me thy la t i on  p a t t e r n s  of ad jacent  normal t i s s u e ,  DNA from 
benign colon polyps and mal ignant  carcinomas from 23 tumors was s u b s t a n t i a l l y  
hypomethylated (Goelz e t  a1 , 1983). Th i s  suggested t h a t  hypomethylat ion i s  a 
cons i s ten t  biochemical c h a r a c t e r i s t i c  o f  human c o l o n i c  tumors. Since these 
i n v e s t i g a t o r s  a l s o  found t h a t  t he  hypomethylat ion p a t t e r n s  i n  benign and 
mal ignant  t i s s u e  were s i m i l a r ,  hypomethylat ion appeared t o  be an a l t e r a t i o n  t h a t  
preceded malignancy. These authors a l s o  demonstrated t h a t  hypomethylat ion was 
no t  random, t h a t  d i f f e r e n t  genes mani fested d i f f e r e n t  l e v e l s  o f  hypomethylat ion 
and t h a t  hypomethylat ion was n o t  as apparent i n  b u l k  DNA as i n  c e r t a i n  genomic 
sequences. I n  another  study, Feinberg and Voge ls te in  (1983) examined t h e  degree 
o f  me thy la t i on  o f  two c e l l u l a r  oncogenes, c-Ha-ras and c-Ki-ras, i n  p r imary  
human carcinomas. The c-Ha-ras gene was hypomethylated i n  s i x  o f  e i g h t  
carcinomas, i n c l u d i n g  f i v e  c o l o n i c  adenocarcinomas and one smal l  lung  carcinoma 
when compared t o  ad jacent  normal t i ssue.  For t he  c-Ki - ras gene two o f  t h e  co lon 
carcinomas were hypomethylated w h i l e  s i x  o the r  tumor samples remained f u l l y  
methy lated when compared t o  con t ro ls .  

FINAL COMMENTS 

The themes presented i n  t h i s  rev iew m i r r o r  t h e  f r u s t r a t i o n s  f e l t  i n  t he  at tempts 
t o  i d e n t i f y  t h e  i n i t i a l  l es ions  l ead ing  t o  cancer induc t ion .  I t  i s  be l i eved  
t h a t  a tumor a r i s e s  from a s i n g l e  c e l l ,  imp ly ing  t h a t  t h e  d e f e c t  i s  h e r i t a b l e .  . 
Yet compounds have been i d e n t i f i e d  t h a t  appear t o  be non-mutagenic (an 
hypothesis  t h a t  w i  11 be chal lenged i n  t h i s  e f f o r t )  and prev ious  c o r r e l a t i o n s  
l i n k i n g  tumorigenesis w i t h  DNA adduct ion have had o n l y  l i m i t e d  success. Along 
w i t h  t h e  f r u s t r a t i o n s ,  however, new avenues have been suggested. Two o f  them, 
adduct ion a t  s p e c i f i c  reg ions and CG me thy la t i on  p a t t e r n s  a r e  the  bas i s  f o r  
t h i s  concept. 

The proposals  t h a t  w i l l  be generated from t h i s  concept w i l l  consider  t h e  
he terogene i ty  o f  t h e  genome bo th  i n  h e r i t a b l e  me thy la t i on  p a t t e r n s  and i n  t he  
i n d u c t i o n  and r e p a i r  o f  DNA l e s i o n s  as two promis ing areas f o r  f u r t h e r  study. 
H e r i t a b i l i t y  need n o t  i n v o l v e  muta t ion  and damage a t  one p a r t  o f  t h e  genome need 
n o t  represent  damage a t  another. I n i t i a l l y ,  t h e  work w i l l  i n v o l v e  compounds 
t h a t  a re  considered t h e  l lc lassical l l  carcinogens b u t  w i l l  q u i c k l y  expand t o  NTP 
chemicals w i t h  emphasis on t h e  d iscordant  class. Because t h e  work w i l l  be 
d i r e c t e d  f rom one source, i t  w i l l  be coord inated w i t h  t h e  same chemicals 
examined i n  t h e  d i f f e r e n t  p r o t o c o l s  and among t h e  var ious  l a b o r a t o r i e s  t h a t  w i l l  
be chosen t o  do t h e  work. Meetings among the  var ious  personnel f rom t h e  
d i f f e r e n t  l a b o r a t o r i e s  and among an ad hoc co rm i t t ee  t o  adv ise  t h e  p r o j e c t  
o f f i c e r  i n  overseeing these con t rac t s  w i l l  he lp  i n  t h e i r  coord inat ion.  



Page 7 

References: 

Ba i ley ,  G., Nixon, J., Hendricks, J., Sinnhuber, R e ,  Van Holde, K. (1980). 
Carcinogen A f l a t o x i n  B1 i s  l oca ted  p r e f e r e n t i a l l y  i n  Internucleosomal 
Deoxyr ibonucle ic  Ac id  Fo l low ing  Exposure i n  v i v o  i n  Rainbow Trout. 
B iochemist ry  19, 5836-5842. 

Baranyi-Furlong, B., Goodman, J. (1984). 
Non-random B ind ing  o f  a Chemical Carcinogen t o  t h e  DNA i n  Chromatin. 
Chem.-Biol. I n t e r a c t .  48, 15-28. 

B i rd ,  A. (1986). 
CpG-rich I s l ands  and t h e  Funct ion o f  DNA Methy lat ion.  Nature 321, 209 - 213. 

B i r d ,  A. (1987). 
CpG 1slands a s - ~ e n e  Markers i n  t h e  Ver tebra te  Nucleus. Trends i n  Genet ics 3, 
342-347 . 
Bohr, V., Smith, A., Okumoto, D o ,  Hanawalt, P. (1985) 
DNA Repair  i n  an A c t i v e  Gene: Removal of Pyr im id ine  Dimers form the  DHFR Gene 
o f  DHO C e l l s  i s  Much More E f f i c i e n t  t h a t  i n  t he  Genome Overa l l .  C e l l  40, 359 
- 369. 

Bohr, V., Okumoto, D., Hanawalt, P. (1986) 
Su rv i va l  o f  UV- I r rad ia ted  Mamnalian C e l l s  Co r re la tes  w i t h  E f f i c i e n t  DNA r e p a i r  
i n  an Essen t i a l  Gene. Proc. Nat. Acad. Sci .  83, 3830 - 3833. 

Cox, R. (1979). 
D i f f e rences  i n  t h e  Removal o f  N-methyl-N-nitrosourea-methylated products i n  
DNAse I S e n s i t i v e  and Res i s tan t  Regions o f  Rat B r a i n  DNA. Cancer REs. 39, 
2675 - 2678. 

Doer f l e r ,  W. (1983). 
DNA Me thy la t i on  and Gene A c t i v i t y .  Ann. Rev. Biochem. 52, 93 - 124. 

Feinberg, A. and Vogels te in,  B. (1983). 
Hypomethylat ion o f  ras  Oncogenes i n  Primary Human Cancers. Biochem and 
Biophys. Res. Corn. 111, 47 - 54. 

Goelz, S., Vogels te in,  B., Hamilton, S., Feinberg, A. (1983). 
Hypomethylat ion o f  DNA from Benign and Mal ignant  Human Colon Neoplasms. 
Science 228, 187 - 190. 

Gupta, R. (1984). 
Non-random B ind ing  o f  t h e  Carcinogen N-hydroxy-2-acetylaminofluorene t o  
R e p e t i t i v e  Sequences o f  Rat L i v e  DNA i n  vivo. Proc. Nat. Acad. Sci. 81, 6943 
- 6947. 

Gupta, R., Dighe, N., Randerrath, K., Smith, H. (1985). 
D i s t r i b u t i o n  o f  I n i t i a l  and P e r s i s t e n t  2-acetylaminofluorene-induced DNA 
Adducts w i t h i n  DNA Loops. Proc. Nat. Acad. Sci. 82, 6605 - 6608. 



Page 8 

Har t l ey ,  J., Gibson, N., Kohn, Key Mattes, W. (1986). 
DNA Sequence S e l e c t i v i t y  o f  Guanine-N7 A l k y l a t i o n  by Three Ant i tumor 
Ch lo roe thy la t i ng  Agents. 

Haemninki, KOy Vain io,  H. (1979) 
P r e f e r e n t i a l  B ind ing  o f  Benzo(a)pyrene i n t o  Nuclear m a t r i x  Frac t ion .  
Cancer L e t t .  6, 167 - 173. 

I s h i i ,  S., Xu, Y., S t r a t t o n ,  R., Roe, B., Mer l ing,  G., Pastan, I. (1985a). 
Cha rac te r i za t i on  and Sequence of t he  Promoter Region o f  t h e  Human Epidermal 
Growth Fac tor  Receptor Gene. Proc. Nat. Acad. Sci. 82, 4920-4924. 

I s h i i ,  S., Mer l ino ,  G. and Pastan, I. (1985b) 
Promoter Region o f  t he  Human harvey ras  Proto-oncogene: S i m i l a r i t y  t o  t he  EGF 
Receptor Proto-oncogene Promoter. Science 230, 1378-1381. 

Keshet, I., Y i s r a e l i ,  J., Cedar, H. (1985) 
E f f e c t  of Regional DNA ~ e t h ~ l a t i o n  on ~ e n e  Expression. Proc. Nat. Acad. Sci, 
82, 2560 - 2564. 

Leadon, S., Hanawal t, P. (1984) 
U l t r a v i o l e t  I r r a d i a t i o n  o f  Monkey C e l l  s Enhances the  Repai r  o f  DNA Adducts ; i n  
a lpha DNA. Carcinogenesis 5, 1505 - 1510. 

Lobanenkov, V. ,  Plumb, M., Goodwin, G., Grover, P. (1986). 
The E f f e c t  o f  Neighboring Bases on G-spec i f i c  DNA Cleavage mediated by 
t reatment  w i t h  t he  a n t i - d i o l  Epoxide o f  Benzo(a)pyrene i n  v i t r o .  
Carcinogenesis 7, 1689 - 1695. 

Mironov, N., Grover, P., Sims, P. (1983). 
P r e f e r e n t i a l  B ind ing  o f  P o l y c y c l i c  Hydrocarbons t o  Matrix-Bound DNA i n  
R a t - l i v e r  Nucle i .  Carcinogenesis 4, 189-193. 

Obi, F., Ryan, A., B i l l e t ,  M. (1986). 
P r e f e r e n t i a l  B ind ing  o f  t h e  Carcinogen Benzo(a)pyrene t o  DNA i n  A c t i v e  
Chromatin and t h e  Nuclear Mat r i x .  Carcinogenesis 7, 907 - 913. 

Pegg, A. and Hui, G. (1978). 
Removal o f  Methy lated Pur ines from Rat L i v e r  DNA a f t e r  Admin i s t ra t i on  o f  
Dimethylni t rosamine. Cancer Res. 38, 2011 - 2017. 

Razin, S., Yarovaya, O., Georgiev, G. (1985). 
Low I o n i c  S t rength  E x t r a c t i o n  o f  Nuclease-treated Nuc le i  Destroys t h e  
Attachment o f  T r a n s c r i p t i o n a l l y  A c t i v e  DNA t o  t he  Nuclear Skeleton. Nuc le ic  
Ac id  Res. 13, 7427 - 7444. 

Ryan, A*, B i l l e t ,  M a y  O'Connor, P. (1986) 
S e l e c t i v e  Repai r  o f  Methy lated pur ines  i n  Regions o f  Chromatin DNA. 
Carcinogenesis 7, 1497 - 1503. 

Sancar, A. and Sancar, G. (1988). 
Ann. Rev. Biochem. 57, 29 - 67. 



Page 9 

Tennant, R o y  Margol in ,  Boy Shelby, M., Zeiger,  E., Haseman, J., Spalding, J., 
Caspary, W., Resnick, M e y  Stas iewicz,  S., Anderson, Be, Minor, R. P r e d i c t i o n  
o f  Chemical Ca rc inogen ic i t y  i n  Rodents from i n  V i t r o  Genet ic T o x i c i t y  Assays. 
Science 236, 933 - 941. 

Thomas, D., Levy, M e y  Sancar, A. (1985). 
A m p l i f i c a t i o n  and P u r i f i c a t i o n  o f  UvrA, UvrB, and UvrC P ro te ins  o f  Escher ich ia  
c o l i .  J. B i o l .  Chem. 260, 9875 - 9883. 

Thomas, D., Morton, Am, Bohr, V., Sancar, A. ( i n  press).  
General Method f o r  Q u a n t i f y i n g  Base Adducts i n  S p e c i f i c  Mamnalian Genes. 

Ueyama, H., Matsura, T., Nomi, S., Nakayasu, H, Ueda, K. (1981). 
L i f e  Sci .  29, 655-661. 

Wilson. V., Jones, P. (1983) 
I n h i b i t i o n  o f  DNA Me thy la t i on  o f  Chemical Carcinogens I n  V i t r o .  C e l l  32, 239 
- 246. 

Wojiechowski, M., Meehan, T. (1984) 
I n h i b i t i o n  o f  DNA Methy l t rans ferases  i n  v i t r o  by Benzo(a)pyrene D i o l  
Epoxide-modif ied Substrates. J. B i o l .  Chem. 250, 9711 - 9716. 

Zolan, M a y  Smith, C., Hanawalt, P. (1984) 
Repair  o f  Furocoumarin Adducts i n  Mamnalian Ce l ls .  NCI Monographs 66, 137 - 
142. 


