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The National Toxicology Program (NTP) Board o f  S c i e n t i f i c  Counselors met on 
October 31 and November 1, 1984, i n  the Conference Center, Bui ld ing 101, South 
Campus, National I n s t i t u t e  o f  Environmental Health Sciences (NIEHS), Research 
Triangle Park, North Carol ina (Attachment 1: Federal Register Meeting 
Announcement; Attachment 2: Agenda and Roster o f  Members and Expert 
Consultants). Members o f  the Board are Drs. Mortimer Mendelsohn (Chairperson ), 
Norman Breslow, L e i l a  Diamond, Cur t i s  Harper, Jerry Hook, Jeanne Manson, Henry 
P i t o t ,  and James Swenberg. A l l  were i n  attendance. 

Review o f  NIEHShTP Cel lu lar  and Genetic Toxicology Branch Programs 
(Attachment 3) 

I.Overview: Dr. Raymond Tennant, Branch Chief, described the organizational 
s t ructure o f  the Toxicology Research and Testing Program (TRTP), the NIEHS com- 
~ o n e n t  o f  the NTP . The Cel lu lar  and Genetic Toxicology Branch (CGTB) i s  one of 
f i ve  branches w i th in  the TRTP. He stated tha t  the u l t imate goal o f  the Branch 
was t o  i d e n t i f y  and characterize chemical mutagens and carcinogens. The speci- 
f i c  aims were: (1) t o  develop r e l i a b l e  and sens i t ive systems fo r  analyzing 
various endpoints o f  genetic t ox i c i t y ;  (2) t o  apply these systems t o  actual  
tes t ing  f o r  genetic t ox i c i t y ;  (3) t o  analyze responses obtained fo r  predict-  
a b i l i t y  o f  carcinogenesis and other diseases; and (4) t o  maintain a s ta te  o f  
the a r t  research program which addresses mechanisms o f  inheritance, genetic sta- 
b i l i t y  and processes which are the causes o f  genetic changes. Dr. Tennant noted 
tha t  there was an inadequate data base across chemical classes and t e s t  systems, 
and fo r  non-carcinogens i n  any t e s t  system. Thus, the CGTB i s  attempting t o  
ensure f i d e l i t y  i n  the large t e s t  data base i t  i s  generating by use o f  coded 
compounds, in ter laboratory  comparisons wi th  the same chemicals, in-depth 
audi t ing o f  resu l ts ,  and frequent s i t e  v i s i t s  t o  the tes t ing  laboratories. 

Functionally, the Branch i s  div ided i n t o  three areas; one being concerned wi th  
somatic c e l l  e f fec ts  especial ly as they r e l a t e  t o  carcinogen iden t i f i ca t ion ;  
secondly, a s im i la r  e f f o r t  i n  i den t i f y i ng  and evaluating germ c e l l  mutagens; and 
th i rd l y ,  conducting an inhouse basic research program looking a t  underlying 
mechanisms. The f i r s t  area i s  conducted p r imar i l y  through contracts and in tera-  
gency agreements, covering about 40 projects. The Salmonella mutagenesis t e s t  
i s  the core o f  the system based on i t s  r e l i a b i l i t y  and large data base. He 
b r i e f l y  described the other types o f  assays being developed or used i n  a tes t ing  
mode. Dr. Tennant discussed how the data base from the two-year toxicology and 
carcinogenesis studies i n  F344 r a t s  and B6C3F1 mice was used i n  comparison o f  
t e s t  resu l ts  from short-term genetic toxicology assays and as a source o f  data 
on non-carcinogens. He presented an analysis o f  spontaneous tumor patterns i n  
the two species, and patterns o f  chemically-induced tumors f o r  recent NTP long- 
term studies o f  75 chemicals. He noted tha t  wi th  chemical studies where there 



were increased tumor incidences a t  only one s i t e  and i n  one sex of one species, 
there were few, i f  any, pos i t ive ef fects  o f  these chemicals i n  i n  v i t r o  short- 
term genetic toxicology systems. Conversely, fo r  chemicals shown t o  induce 
tumors a t  more than one s i t e  and i n  more than one sex/species, there were 
usually pos i t ive responses i n  several o f  the -- Thus,i n  v i t r o  systems. the CGTB 
programs were i n  a posi t ion t o  use t h i s  unique rodent carcinogen data base t o  
not jus t  t es t  chemicals but also tes t  hypotheses, and help characterize and 
dist inguish between carcinogens. 

Discussion: I n  response t o  a query by Dr. Haynes, Dr. Tennant said the Branch 
objectives represented a mixture o f  carrying out studies as par t  o f  t he i r  
mission wi th in  the NTP and in te rna l l y  generated interests. Dr. P i t o t  asked 
whether there were projects spec i f i ca l l y  aimed a t  a l te r ing  the spontaneous i nc i -  
dences o f  tumors. Dr. Ernest McConnell, NIEHS, said NTP had new i n i t i a t i v e s  
examining the ef fects  o f  d i e t  and reduced ca lo r ic  intake on tumor incidence. 
There was some discussion on what i s  known about the spontaneous incidences o f  
and types o f  tumors i n  w i ld  animal s t ra ins versus the usual inbred st ra ins used 
for laboratory studies. 

TESTING AND TEST DEVELOPMENT PROGRAM 

11. Evaluation of Mutagenicity Results: Dr.  E r r o l  Zeiger, Head, Environmental 
Mutaaenesis Section, described the tes t i n s  i n i t i a t i v e s  i n  the Section, some o f  
which began p r io r  t o  the NTP. Their goals were t o  tes t  chemicals, develop new 
systems, and investigate the b io log ica l  bases fo r  e f fects  observed. 
Cumulatively, there have been 1300 samples (1063 unique chemicals) tested fo r  
gene mutations i n  the Salmonella t himuriun system, 298 (264) tested fo r  cyto- 
genetic effects i n  Chinese hamster ovary CHO) cel ls ,  and 191 (174) fo r  her i-  4 

table genetic ef fects  i n  Drosophila melanogaster. Most chemicals being tested 
i n  CHO c e l l s  or Droso h i l a  have been or are being tested i n  Salmonella. As t o  
uses for the data, r. Zeiger sa id the f i r s t  aim was t o  make the data avai lable -be-
t o  the publ ic by publishing them i n  peer reviewed l i te ra tu re .  Uses o f  the data 
were: t o  a id i n  select ion o f  chemicals fo r  further testing; t o  a id  i n  evaluation 
and in terpretat ion o f  carcinogenesis and toxicology results; fo r  use by regula- 
tory  agencies; and as a data base fo r  comparative mutagenesis and structure 
a c t i v i t y  relat ionship (SAR ) correlations. Dr. Zeiger amplif ied on use o f  t h i s  
large data base fo r  comparative mutagenesis and SAR correlations. A l l  o f  the 
chemicals fo r  which long-term bioassays were completed by the National Cancer 
I n s t i t u t e  or the NTP were being tested, with mutagenesis data (a t  leas t  i n  
Salmonella) now available on 175, about 65%, o f  these chemicals. Contrasted 
with the primal f indings from McCann and Ames, and Sugimura, which reported 95% 
of carcinogens tested were mutagens i n  Salmonella, only about 47% o f  the car- 
cinogens tested were mutagens. This re f l ec ts  the preponderance o f  potent car- 
cinogens and mutagens, e.g., a lky la t ing  agents, nitrosamines, i n  the ea r l i e r  
studies, while i n  the NTP data base about 50% o f  the 'non-mutagenic carcinogens' 
were chlorinated chemicals, and there were no polycycl ic aromatic hydrocarbons 
or nitrosamines. Thus, the Salmonella tes t  does have predict ive value but not as 
broadly as o r i g ina l l y  believed. 

Dr.  Zeiger out l ined the current Salmonella test ing protocol which includes four 
s t ra ins (TA-97, TA-98, TA-100, and TA-1535) with act ivat ion by l i v e r  S9 frac- 
t ions from ra ts  or hamsters, or no activation. He then discussed studies 
done using permutations o f  the f u l l  protocol, and one permutation tha t  was as 



sensi t ive which would be proposed for  use i n  the test ing contracts. The resour- 
ces saved would be used for  more in-depth studies on selected mutagens and non- 
mutagens. Future studies w i l l  include contracts t o  improve capabi l i t ies for  
evaluating chemicals i n  Salmonella that  require reductive metabolism t o  the 
act ive mutagens, e.g., benzidine dyes. Also, other tester s t ra ins and custo- 
mized act ivat ion systems, including the use o f  organs other than l i v e r ,  w i l l  be 
investigated. 

Discussion: Dr.  Mendelsohn wanted t o  know how t o  reconcile needs for  custo- 
mizing the assays t o  enhance s e n s i t i v i t y  fo r  detecting mutagenicity with the 
needs for  a standardized data base which can be used t o  make comparisons and 
correlations. Dr.  Zeiger rep l ied  that  both aspects were charges o f  the program 
and both would continue. Obviously, with the unique data base available for 
rodent carcinogenicity more emphasis would be given t o  making st ructura l -  
a c t i v i t y  and other correlat ions re la t i ng  t o  carcinogenicity and mutagenicity. 
There was further discussion on what types o f  correlat ions should be done and 
would be most useful. 

111. Mammalian C e l l  Mutagenesis: Dr. W i l l i a m  Caspary, Cancer Biology Section, 
described the experimental conditions for  the L5178Y mouse lymphoma c e l l  mutage- 
nesis assay. Currently, 100 chemicals/year are being tested i n  two contracts 
for mutagenic ac t iv i t y .  He discussed the three primary objectives o f  the pro- 
ject: (1) t o  optimize a l l  phases o f  the assay - including measures o f  reprodu- 
c i b i l i t y  i n  two laboratories and under varying conditions, and establishing 
qua l i t y  contro l  c r i t e r i a  and methods o f  analysis. He reported a high concor- 
dance ( 90%) between the two laboratories. He discussed the phenomenon o f  small 
colony formation and how modif ication o f  the cu l ture medium could accent 
t he i r  formation; (2) t o  understand the mechanism o f  action o f  the chemical wi th 
the host ce l l .  This includes characterizing the type o f  chromosomal aberration 
(CA) induced as another endpoint o f  genetic tox ic i ty ,  and confirming corre lat ion 
of CAs with small colonies; (3) t o  confirm that  mutagenesis a t  the TK locus i n  
these ce l l s  i s  representative o f  mutagenesis i n  other mammalian ce l ls .  

Discussion: Dr. P i t o t  asked whether chemicals tested i n  the mouse lymphoma 
system would be tested i n  another mammalian c e l l  gene mutation assay. Dr. 
Caspary said the same chemicals would also be tested i n  the Chinese hamster 
ovary (CHO) c e l l  system. Dr. Ray seconded the need for  evaluating chemicals 
presumed t o  be chromosomal mutagens i n  mouse lymphoma i n  a more established 
system, whether i t  be CHO or another system. Dr. Mendelsohn noted that  o f  10 
chemicals reported as non-carcinogens i n  the long-term bioassay, nine were posi- 
t i v e  i n  mouse lymphoma, and expressed concern as t o  possible problems wi th fa lse 
positives. Dr.  Caspary acknowledged the concern and said more emphasis was 
being given t o  looking a t  chemicals negative i n  other mutagenesis assays as wel l  
as test ing them for  comparative purposes i n  the CHO system. 

I V .  Cytogenetics and Aneuploidy Systems: Dr. Michael Resnick, Environmental 
Mutagenesis Section, described the goals o f  the i n  v i t r o  cytogenetics test ing 
pro ject  as: (1) development o f  r e l i a b l e  and sensi t ive protocols and systems for  
doing e f f i c i e n t  testing; and (2) development o f  a sound decision making scheme. 
He out l ined the protocol used, and the s t a t i s t i c a l  character ist ics and c r i t e r i a  
fo r  evaluating s i s te r  chromatid exchange incidences i n  Chinese hamster ovary 
(CHO) ce l ls .  Because many chemicals induce only modest ef fects  i n  systems such 
as CHO, the concept o f  a weak posi t ive response was introduced. This involves 
using a low dose o f  a chemical pos i t ive for  e f fects  i n  CHO c e l l s  t o  delineate 
the sens i t i v i t y  o f  the system. Dr.  Resnick discussed future a c t i v i t i e s  t o  



include: (1) examination o f  the re la t i on  between chromosome aberrations (CAs), 
s i s te r  chromatid exchanges (SCEs), and unique cytogenetic ef fects  such as 
polyploidy , endoreduplication, and X-chromosome speci f ic  aberrations ; (2) induc-
t i o n  k inet ics o f  aberrations, especial ly i n  regard t o  the re lat ionship between 
simple and complex aberrations; and (3) the re la t i on  o f  cytogenetic responses t o  
other genotoxic endpoints and carcinogenesis. 

Dr. Resnick then described the developmental a c t i v i t i e s  on contracts i n  the 
aneuploidy program. The primary purpose o f  two contracts for  studies i n  yeast 
has been t o  develop m i to t i c  and meiotic systems which w i l l  enable the rout ine 
test ing o f  chemicals for  t he i r  a b i l i t y  t o  induce aneuploidy, and one contract 
fo r  studies i n  Droso h i l a  t o  develop a meiotic system. Ongoing and future 
a c t i v i t i e s  include: 1 further development o f  aneuploidy detection systems; -% 
(2) studies re la t i ng  haploid t o  d ip lo id  rates o f  aneuploidy; (3) par t i c ipa t ion  
of Dr. Resnick (and Dr. James Mason, Project o f f i c e r  for  the Drosophila 
contract) i n  a major interagency program that  i s  evaluating aneuploidy-inducing 
agents and detection systems; (4)  analyze responses i n  terms o f  other genetic 
endpoints; and ( 5 )  re la t i ng  induction o f  aneuploidy i n  yeast and speci f ic  
effects a t  the centromeres i n  yeast. 

Discussion: There was discussion o f  the weak posi t ive response i n  CHO c e l l s  and 
d i f ferent ia t ing strong mutagens a t  low doses from weak mutagens a t  high doses. 
Dr.  Resnick said use o f  the weak posi t ive aided the resolving power o f  the 
assay. Concern was expressed about fa lse posi t ive rates i n  the CHO c e l l  system. 

V. Mammalian Ce l l  Tranformation Test Evaluation: Dr. Raymond Tennant, Branch 
Chief, described the background and rat ionale fo r  t h i s  program. An objective 
i s  t o  evaluate and compare three assays fo r  neoplastic transformation t o  deter- 
mine which system may be most useful  i n  ident i f y ing  or dist inguishing chemical 
carcinogens. Neoplastic transformation assays included Syrian hamster embryo 
(SHE); SHE infected with Simian adenovirus (SA7); and r a t  c e l l s  infected with 
Rauscher leukemia virus. Aims are t o  develop a standardized tes t  protocol, 
establish sources o f  inter-and inter laboratory va r iab i l i t y ,  and establ ish 
inter laboratory reproducib i l i ty .  Dr.  Tennant presented data comparing resul ts  
with known carcinogens and other compounds i n  the three assays plus the BALB/c 
3T3 c e l l  l i n e  previously evaluated by the NTP. A l l  assays dist inguish between 
carcinogenic and non-carcinogenic po l  yc y c l i c  aromatic hydrocarbons. His propo- 
s a l  for  the next generation o f  study was t o  continue development o f  the four 
transformation systems. A t  present there i s  no one assay which appears t o  be 
better than the others. 

Discussion: Dr. Stanbridge questioned adv isab i l i t y  o f  doing inter laboratory 
comparisons when there have been shown t o  be problems with inter laboratory 
reproducib i l i ty .  There was discussion about the pros and cons o f  using these & 
v i t r o  systems for  studying promotion. 

V I .  Coordinated Testing Program t Dr. Judson Spalding , Cancer Biology Section, 
said t h i s  program was established t o  tes t  the hypothesis that  a battery o f  gene- 
t i c  t o x i c i t y  tests could predic t  chemical a c t i v i t y  i n  the rodent carcinogenicity 
assay. Two objectives are t o  help set p r i o r i t i e s  fo r  long-term toxicology and 
carcinogenicity stu~dies, and t o  evaluate, retrospectively, chemicals already 
studied i n  rodents. Up t o  eight ind iv idual  assays i n  four t es t  categories are 
being used. He des~cribed resu l ts  i n  the d i f f e ren t  assays for  19 chemicals nomi- 
nated i n  1982 for long-term studies. Dr.  Spalding then talked about the 
retrospective study. C r i t e r i a  for  select ion o f  chemicals included d i f f e ren t  



chemical classes, d i f ferent  patterns o f  tumor induction, mul t ip le  s i tes,  unusual 
tumors, and some s ingle sex or species tumors. O f  50 chemicals chosen, 20 had 
been non-carcinogenic i n  rodents. He discussed i n  depth the extent o f  correla- 
t ions between the --i n  v i t r o  tests  and the rodent study fo r  four chemicals (one 
strong posit ive, one equivocal, one posi t ive i n  one species a t  one s i te ,  and one 
c lear ly  negative -- Although the current data base i s  the most compre- i n  vivo). 
hensive available, i t  i s  not yet possible t o  t e l l  which group o f  assays w i l l  be 
most predict ive for  -- I n  the future, i n  v ivo carcinogenicity. i t  may be possible 
t o  select a battery o f  tests which w i l l  be most appropriate fo r  each chemical. 

Discussion: Dr. Nesnow suggested that  with the large and growing data base 
being developed, there should be emphasis directed toward mul t ip le  dimensional 
analysis. Dr. Mendelsohn seconded th is .  Dr. Tennant responded that  there had 
been data management problems but these were being resolved so such analyses 
could be done. 

V I I .  Human Ce l l  Studies: Dr. Robert Langenbach, Head, Carcinogen Metabolism 
Section, stated the goals as: (1) t o  determine the advantages and disadvantages 
of using human c e l l s  i n  place o f  or i n  combination with rout ine rodent c e l l  
systems; (2) t o  invest igate approaches fo r  improving the metabolic capabi l i t ies 
of human c e l l s  used. There w i l l  be two contracts t o  carry out two tasks, name-
l y :  Task I- t o  cocult ivate primary human hepatocytes t o  metabolical ly act ivate 
the chemical with human target c e l l s  i n  which genetic endpoints can be measured; 
and Task I1 - t o  modify metabolic capab i l i t ies  o f  human c e l l  l i nes  so act ivat ion 
and genetic endpoints can be measured i n  the same c e l l  l ine.  He out l ined the 
speci f ic  goals for  each task. These studies should help provide insights i n t o  
the usefulness o f  human c e l l s  i n  genotoxicity assays. 

I n  V i t ro  Assay for Promoters: Dr. Langenbach said the V79 c e l l  metabolic 
cooperation assay i s  being evaluated through an interagency agreement with 
NIOSH. The assay i s  based on the a b i l i t y  o f  chemicals with promoter a c t i v i t y  t o  
in te r rup t  ce l l - to -ce l l  t ransfer o f  low molecular weight metabolites. Twenty-
f i ve  chemicals o f  known promoting or nonpromoting a c t i v i t y  were coded and tested 
i n  a dual laboratory study t o  determine the predictiveness o f  the system. I n  
new contracts, at tent ion w i l l  be given t o  protocol improvement followed by dual 
laboratory evaluation o f  50 coded chemicals. There have been N C I ~ T P  long-term 
carcinogenesis studies on most o f  these chemicals. 

Discussion: Dr. Ray inquired as t o  how many non-carcinogens/nonpromotors were 
tested i n  the i n i t i a l  va l idat ion o f  the V79 assay, and what the concordance was 
with previous resul ts.  Dr .  Langenbach said that  about 20% o f  the o r i g ina l  25 
were negatives, and there was concordance for  a t  least  24 o f  25. Suggestions 
were made by the peer reviewers as t o  other chemicals which should tested and 
that  other c e l l  l i nes  should be considered. 

V I I I .  Germ C e l l  Mutagenesis: Dr. Michael Shelby, Head, Mammalian Mutagenesis 
Section, noted there has never been a clear ind icat ion --i n  vivo i n  e i ther  animals 
or humans that  increased frequencies o f  germ c e l l  mutations lead t o  health 
ef fects  i n  subsequent generations. The reason may be that  there are no effects 
or, more l i k e l y ,  adequate tests have not been done. He said there were four 
assay systems which have been undergoing evaluation: the dominant l e t h a l  t es t  
and the her i tab le translocation assay which r e f l e c t  chromosome damage, and the 
morphological and biochemical spec i f i c  locus assays which measure gene muta- 
t i o n a l  effects. Dr. Shelby described f indings i n  these assays with a number o f  
chemicals, some o f  which are known t o  have germ c e l l  effects, and others which 



had not been studied, including ethylnitrosourea, ethylene oxide, urethane, and 
ethylene dibromide. Future direct ions include: (1) development o f  a un i f i ed  
scheme for  determining both gene and chromosomal ef fects  i n  pre-and post-meiotic 
stages and i n  both sexes, t o  give a good p r o f i l e  o f  the germ c e l l  mutagenicity o f  
chemicals, and (2) development o f  a stable data base which can be used i n  gene- 
t i c  r i s k  estimation, and fo r  assessing predictiveness o f  current and newer 
assays. 

Discussion: There were questions about the duration o f  animal exposure t o  the 
various chemicals, and about the r e l a t i v e  sens i t i v i t y  t o  germ c e l l  mutagens o f  
males versus females. 

project was t o  develop target c e l l  cul tures that  are p r h e d  fo r  detecting 
chemically-induced transformation and w i l l  be more sensi t ive than available 2 
v i t r o  transformation systems. He reported the approach would be t o  obtain 
clones o f  several normal proto-oncogenes, engineer the genes i n t o  a re t rov i rus  
vector, and introduce the vector i n t o  potent ia l  mammalian target c e l l s  (mouse 
embryo). An increase i n  frequency o f  carcinogen-induced transformation i n  c e l l s  
with the proto-oncogenes r e l a t i v e  t o  c e l l s  not given the genes would form the 
basis for  assay development. Several types o f  proto-oncogenes would be 
examined. 

Discussion: Dr. Diamond inquired as t o  why mouse embryo c e l l s  were chosen i n  
view o f  the poss ib i l i t y  o f  spontaneous tranformation occurring. Dr. Boone said 
the large amount o f  information available on the structure o f  mouse proto- 
oncogenes outweighed the drawbacks a t  t h i s  point. He added that  i f  these 
appeared t o  be s ign i f i can t  problems a c e l l  system from another species such as 
r a t  or hamster could be considered. Dr. Tennant proposed that the scope be 
modified t o  make i t  a p i l o t  pro ject  looking a t  three t o  four r e t r o v i r a l  C-onc 
constructs i n  three t o  four c e l l  l ines, both mouse and human. I n i t i a l l y  
analyzed would be any her i tab le ef fects  on c e l l  phenotypes by the constructs. 
Dr .  P i t o t  and Dr. Mendelsohn expressed concern about the poss ib i l i t y  o f  there 
being constructed a new human ret rov i rus.  Dr. Tennant said t h i s  could not be 
ru led out completely. He noted that the study protocol would have t o  go through 
the NIH Recombinant DNA Advisory Committee fo r  clearance. Dr. P i t o t  said that  
other c e l l  types such as those from hamsters should be evaluated. Because o f  
the concerns expressed and the proposed change i n  scope, Dr.  R a l l  and Dr. 
Mendelsohn agreed that  a revised concept along with the Request fo r  Proposal 
(RFP) should be brought t o  the next Board meeting for further review. 

RESEARCH PROGRAM 

X. Drosophila Mutagenesis : Dr.  James Mason, Environmental Mutagenesis Section, 
described three research projects with which he has been involved. The f i r s t  
concerned genetic contro l  o f  mutation rates i n  Drosophila. The focus was on a 
mutator gene which was shown t o  potent iate recovery o f  terminal deletions i n  
Drosophila. He elaborated on studies t r y ing  t o  determine the mechanisms 
including the mode o f  induction o f  telomeres ("neotelomeres" 1, structure o f  the 
l'neotelomeres" and sequence spec i f i c i t y .  The second project i s  the cytogenetic 
characterization o f  DNA-repair defective mutants i n  Drosophila, i n  par t icu lar ,  
mutants a t  the mei-41 locus, t o  gain a basic understanding o f  the genetic 



contro l  o f  sens i t i v i t y  t o  mutagenic agents. A genetic f i ne  structure map o f  
the mei-41 region has been constructed using several independently iso lated 
a l le les.  The t h i r d  project i s  an invest igat ion o f  whether chemicals can induce 
transposit ion o f  mobile genetic elements. I n i t i a l  experiments suggest that  
a lky la t ing  agents a t  low levels  w i l l  induce copia transposition. Further stu- 
dies w i l l  be aimed a t  improving the s e n s i t i v i t y  o f  the system through use o f  a 
wider range o f  transposable elements, and f ind ing good posi t ive contro l  com- 
pounds for  use i n  assay development. 

X I .  Genetic and Molecular Mechanisms o f  Meiosis and DNA Repair i n  Yeast: 
Dr.  Resnick talked o f  t he i r  studies concerned with determining the nature o f  DNA 
damage as produced i n  c e l l s  and the re lat ionship t o  chromosome structure, 
an examination o f  DNA repai r  processes and genetic contro l  i n  m i to t i c  ce l ls ,  and 
the poss ib i l i t y  o f  DNA repai r  processes i n  meiotic ce l l s  and the i r  function i n  
normal meiotic recombination. He enumerated various reasons why yeast i s  pre- 
ferable t o  other experimental systems, and discussed i n  more d e t a i l  studies on 
the r o l e  o f  the RAD repair  genes i n  meiosis, and on the nature o f  DNA damage t o  
chromosome structure. 

Discussion: Dr. Swenberg asked why u l t r a v i o l e t  (UV) was being used rather than 
chemically-induced DNA damage i n  the yeast studies. Dr. Resnick said they were 
concerned with basic mechanisms o f  DNA-damage and repair  which meant charac- 
t e r i z i ng  the genetics o f  the system, and W i s  a model probe fo r  examining geno- 
tox ic  issues because the resu l ts  are not confounded by del ivery o f  the chemical 
t o  the DNA, or by i t s  in teract ion with other c e l l  constituents. Use of chemi-
cals t o  study DNA-interaction and damage/repair would follow. 

X I I .  Molecular Genetics o f  Meiosis and Mutagenesis i n  Yeast: Dr. Craig Giroux, 
Environmental Mutaqenesis Section, said the centra l  area o f  h i s  research was 
on the processes which maintain genetic informat ion  and ensure f a i t h f u l  passage 
t o  future generations. This current ly  involved two projects. The f i r s t  and 
major was focused on meiosis, especial ly chromosome behavior. The second was 
concerned with mutagenesis i n  both somatic and meiotic ce l ls .  Both have the 
goals o f  understanding molecular mechanisms underlying mutagenic phenomena, and 
provide information which can be useful  i n  a p rac t ica l  sense for  genotoxic stud- 
ies  i n  yeast, and eukaryotes i n  general. He elaborated the advantages of 
using yeast rather than other experimental systems and discussed studies with a 
meiotic speci f ic  gene mutant Spoll-1. Dr. Giroux then described the newer pro-
jec t  concerned with understanding the molecular basis fo r  mutagenesis i n  yeast. 

X I I I .  General Discussion. Dr. Manson commented on the importance o f  pursuing 
the d i f f e r e n t i a l  suscept ib i l i t y  between meiosis and mitoses. Dr. Ashby noted 
that  the NTP already has the most complete data base o f  genetic toxicology t e s t  
resul ts  i n  existence yet lacks s u f f i c i e n t  data for  a number o f  chemicals from 
key classes such as nitrosamines, polycycl ic aromatic hydrocarbons and 
a lky la t ing  agents. Dr. Zeiger responded that  there was s u f f i c i e n t l y  adequate 
data i n  the l i t e r a t u r e  for  these classes, most o f  which would be posi t ive. He 
said the data base had been driven by the NCIATP l i s t  o f  long term studies and 
by the chemical nominations process. Dr. Mendelsohn wondered whether any atten- 
t i o n  was being paid t o  the universe o f  chemicals i n  general, who i s  exposed, how 
the chemicals are distr ibuted, and how they are represented i n  the data base. 
Dr.  R a l l  rep l ied  that  there was only one such sampling close t o  a r e a l  
a* universe", that  being the l i s t  o f  about 650 chemicals from the NAS Testing 
Needs Study performed fo r  the NTP. Dr. Mendelsohn asked when the overa l l  
genetic toxicology data base w i l l  be useful. Dr. Tennant rep l ied that  we were 



moving toward t h i s  but more data for  across-test-system-comparisons, data on 
non-carcinogens , and data from the mutagenesis/carcinogenesis in ter face were 
needed. Dr. Haynes expressed concern that  there was too much emphasis on the 
predictiveness o f  mutagenicity for  carcinogenicity, and that  other possible 
health ef fects  o f  somatic mutations needed also t o  be considered. The session 
concluded with an act ive discussion o f  the types o f  s t a t i s t i c a l  tests  used and 
the appropriateness o f  the tests for  analyzing short-term i n  v i t r o  assay data. 

X I V .  Molecular Analysis o f  Gene ~oxic/Carcinogenic Events i n  Mammalian Cells : 
Dr.  Boone described t h i s  project which i s  focused on the r o l e  o f  endogenous 
ecotropic provirus i n  induced and spontaneous hematopoietic neoplasms o f  the 
mouse, spec i f i ca l l y  the ~Fbl/Un mouse. Provirus rearrangements have been studied 
as a model for  oncogenesis by transposit ion and promoter insert ion, and have 
detected somatically reintegrated copies o f  the endogenous ecotropic provirus 
i n  greater than 85% o f  spontaneous reticulum c e l l  sarcomas i n  t h i s  mouse 
st ra in.  He said h i s  group was t r y ing  t o  clone ind iv idual  rearrangements and 
examine other independent primary neoplasms t o  i den t i f y  common chromosomal 
in tegrat ion domains and potent ia l  oncogenes. 

XV. Orqan and Species Differences i n  Carcinogen Activation: Dr. Langenbach 
said h i s  laboratory i s  developing methodology fo r  determining organ and species 
differences i n  -- Primary i n t a c t  c e l l s  (rather than i n  v i t r o  metabolic act ivat ion. 
S-9 f ract ions) from various organs are used as act ivat ion systems and mul t ip le  
genetic endpoints are measured, including Chinese hamster V79 c e l l  mutagenesis, 
s i s te r  chromatid exchanges and t o x i c i t y  as wel l  as Salmonella reversions. Other 
studies include: (1) corre lat ing mutagenic a c t i v i t y  with metabolic prof i les;  
(2) invest igat ing the r e l a t i v e  r o l e  o f  the l i v e r  versus the bladder i n  activa- 
t i o n  o f  bladder carcinogens; (3) developing methods fo r  maintaining hepatocyte 
metabolizing capabi l i t ies -- and (4) determining s t ructure-act iv i ty  i n  v i t ro ;  re la-
t ionships i n  carcinogenic and mutagenic a c t i v i t i e s  for  a series o f  short chain 
nitrosamines. Dr. Langenbach showed data with speci f ic  chemicals fo r  some of 
these studies. Their f indings indicate there i s  less interspecies var ia t ion i n  
the a b i l i t y  o f  the l i v e r  t o  act ivate various chemicals than i n  the extrahepatic 
tissues. He said the laboratory's research goals over the next three years 
would include: (1) invest igat ing the mechanistic basis fo r  carcinogenicity o f  
NTP chemicals i n  B6C3F1 mice and/or F344 ra ts  using metabolic and DNA adduct 
prof i les,  -- and ef fects  i n  human cel ls ;  i n  v i t r o  promotion, (2) continuing bladder 
c e l l  studies with possible ~ ~ c u l t i v a t i o n  and (3)o f  bladder and l i v e r  ce l ls ;  
developing techniques for  maintaining or increasing the a b i l i t y  o f  primary c e l l s  
i n  cu l ture t o  metabolize chemicals. 

Discussion: Dr.  Diamond commented on the problem o f  large var iat ions i n  metabo- 
l i c  a c t i v i t y  o f  human c e l l s  and wondered how t h i s  could be overcome. 
Dr.  Langenbach acknowledged t h i s  t o  be a problem. However, since humans are 
the ul t imate species o f  interest,  information on v a r i a b i l i t y  should be valuable 
i n  i t s e l f .  Several reviewers commented on the technical d i f f i c u l t i e s  associated 
with some o f  the proposed studies. 

X V I .  Salmonella Mutagenesis: Dr. Zeiger discussed two direct ions i n  the 
research: (1) studies t o  bet ter  understand the Salmonella tes t  system aiding i n  
better in terpretat ion o f  resul ts  and i n  re f i n ing  and improving tes t  protocols; 
and (2) using the Salmonella system as an endpoint and t o o l  fo r  studying i n  v ivo 
and -- i n  vivo through the host mediated assay or i n  v i t r o  metabolism -- --
analysis o f  ur ine mutagens, and i n  v i t r o  through organ homogenates or perfused 



organs. He b r i e f l y  described several projects under the f i r s t  research area 
including: (1) studies with sodium b i s u l f i t e  which have shown that  Salmonella 
s t ra ins can survive and be mutagenized under acidic conditions; (2) the e f fec t  
o f  prolonged storage o f  mutagen solutions used for  pos i t ive controls; and (3) 
studies that  showed, contrary t o  expectations, DNA repair-def ic ient s t ra ins are 
mutagenized less than repair-competent s t ra ins a t  low doses o f  a mutagen. 
Projects under the second area included: (1) studies on mutagenicity o f  
benzo(a)pyrene and benzidine i n  Salmonella i n  the presence o f  S-9 f ract ions from 
l i v e r ,  prostate and testes o f  contro l  ra t s  and ra ts  treated with TCDD; and 
(2) studies comparing electron-accepting and electron-donating substituents on 
the mutagenicity o f  phenanthrene imines. New studies include: invest igat ion o f  
the organ speci f ic  metabolism o f  a number o f  mutagens which are organ-specific 
carcinogens; and the capabi l i ty  fo r  converting chemicals t o  mutagens by pu r i f i ed  
cytochrome isozyme. 

X V I I .  General Discussion: Dr. Ashby noted the existence o f  a contract fo r  
studying unscheduled DNA synthesis (UDS) -- and asked how i n  vivo i n  r a t  l i v e r ,  
t h i s  f i t  i n t o  the program. Dr. Tennant said the assay was s t i l l  i n  an eva- 
lua t ion  phase. Both known animal hepatocarcinogens and chemicals going i n t o  
long-term studies are being assayed, under code. Dr. Ashby and Dr. Ray sup- 
ported a thorough evaluation o f  the UDS assay fo r  i t s  usefulness i n  a battery 
fo r  detecting hepatocarcinogenic ac t i v i t y .  

X V I I I .  Report o f  the Director, NTP: Dr. David P. R a l l  reported that: (1) the 
report  o f  the BoardWs Ad Hoc Panel on Chemical Carcinogenesis Testing and 
Evaluation had been received favorably, and the NTP has or i s  beginning t o  
follow many of,the recommendations and w i l l  give a detai led report  t o  the Board 
on the Program s responses t o  the recommendations; (2) the NTP w i l l  hold a 
science workshop a t  NIEHS on January 29 and 30, 1985 which w i l l  involve s t a f f  
from a l l  the component agencies o f  the NTP, and t o  which the Board was 
invi ted. The theme w i l l  be Chemical Class Studies, speci f ica l ly ,  g lycol  ethers, 
antihistamines, ketone solvents, halogenated short chain al iphat ics,  and 
benzidine dyes; (3) the NIEHS budget has been approved by Congress and sent t o  
the President. I t  allows for  an increase t o  $194 m i l l i o n  from $183 m i l l i o n  i n  
FY 1984; and (4) the report  o f  the t h i r d  task force on environmental health and 
research needs (Task Force 111) i s  i n  f i n a l  form. The report  points out that  
the new biology/molecular biology can be applied t o  environmental health 
problems. 

X I X .  NIEHShTP Concept Review-Contract - Systematic Study o f  Recognized Human 
Carcinogens i n  Rodents: (Attachment 5) Dr. Richard Irwin, Carcinogenesis and 
Toxicology Evaluation Branch, stated the concept proposal was t o  systematically 
evaluate the effectiveness o f  the tes t  methods current ly used by the NTP fo r  
detecting chemicals with carcinogenic potent ial ,  and t o  evaluate the r e l i a b i l i t y  
o f  rodent studies for  detecting carcinogenic hazards o f  chemicals t o  humans. I n  
other words, are chronic animal studies r e l i a b l e  predictors o f  carcinogenic 
hazard t o  humans? He c i t ed  the 23 chemicals/chemical mixtures recognized by the 
Internat ional  Agency fo r  Research on Cancer (IARC) as human carcinogens and said 
that  where animal data was adequate there was concordance. For some o f  these 
chemicals, the design and/or conduct o f  the animal studies was inadequate for  
comparisons t o  be made. The NTP proposes t o  select and tes t  wi th current NTP 
protocols these recognized human carcinogens and then make detai led comparisons 
with available human data. Two other important types o f  information which might 
be derived are: (1) i den t i f i ca t i on  o f  target s i tes  and characterization o f  
dose-response; and (2) a broadening and deepenin o f  the data base o f  animal 
tes t ing  resul ts.  A t  the outset, decisions w i l l  %e made as t o  which chemicals on 



the IARC l i s t  require further animal tes t ing  and then a p r i o r i t y  order w i l l  be 
established based on the c r i t e r i a  given on page 2 o f  Attachment 5 .  

Dr.  Swenberg commented that the concept has meri t  but noted no budgetary in fo r -  
mation time frames had been provided, and since adequate bioassay data were 
available for  some o f  the chemicals, he thought some p r i o r i t y  se t t ing  could have 
already been done. Dr.  I rw in  responded that  not a l l  o f  the chemicals would be 
tested and input would be sought from the s c i e n t i f i c  community. Dr. James Huff, 
NTP, said the Board would be consulted a f te r  p r i o r i t i e s  were set. Dr. P i t o t  
stated that the NIP'S goal should be disease prevention and there were other 
more important questions i n  re la t i ng  animal data t o  humans that  should receive 
the resources. Dr. Mendelsohn said the concept should be s imp l i f ied  t o  focus on 
the issue o f  analyzing the IARC l i s t ,  the longer l i s t  not j us t  the 23, and 
se t t ing  p r i o r i t i e s  from t h i s  l i s t .  The actual NTP test ing would be a separate 
issue and there were already mechanisms i n  place for  deciding what chemicals t o  
test .  Dr.  McConnell said there was not adequate data fo r  some o f  the chemicals 
i n  the NTP rodent strains, especial ly the B6C3F1 mouse. Dr. P i t o t  said the 
analysis should determine the existence o f  dose-response relat ionships both i n  
human and animal data. Dr. R a l l  then proposed that  the NTP go ahead and do the 
extensive analyses o f  the IARC l i s t s ,  paying special at tent ion t o  dose response 
data, set  p r i o r i t i e s ,  and then return t o  the Board fo r  review. Dr. Mendelsohn 
agreed and said t h i s  seemed t o  r e f l e c t  the wishes o f  the Board. 

XX. Discussion o f  Peer Review for  Reports on the Data from Remaining Long-Term 
Studies Performed a t  Gulf South Research Ins t i tu te :  (Attachment 6) Dr.  E. 
McConnell provided the Board with an update o f  the NTP a c t i v i t i e s  regarding the 
audit ing o f  studies per formed a t  Gulf  south Research ~ n s t i t u t e ( ~ ~ ~ ~  ) and pro- 
posed future plans fo r  report ing the findings. He noted that  a l l  studies a t  
GSRI were terminated i n  the f i r s t  h a l f  o f  1983, and data audits were begun on 
GSRI studies and studies from other laboratories i n  l a t e  1983. Dr. McConnell 
described the kinds o f  problems iden t i f i ed  i n  audits o f  the GSRI studies (page 2 
of Attachment 6), emphasizing that  not a l l  o f  the problems were observed i n  
every study. The status o f  the 28 studies a t  GSRI were indicated (pages 3 t o  6 
of Attachment 6), and o f  these, eight have been restarted as new studies. He 
emphasized that  studies from eight other laboratories have been audited and no 
flaws were found su f f i c i en t  t o  inval idate any study (pages 7 and 8 o f  Attachment 
6 ) .  

Dr. McConnell then discussed the proposed NTP strategy fo r  disposi t ion o f  the 
GSRI studies, and asked for  comments and suggestions from the Board. He said a 
new audit  contractor w i l l  be assigned t o  work so le ly  on the GSRI  studies. Those 
studies judged t o  be adequate w i l l  be brought before the Peer Review Panel with 
one poss ib i l i t y  being t o  devote an en t i re  meeting t o  GSRI studies. He said the 
Panel would be t o l d  that  the study i s  worth report ing and the flaws would be 
highlighted. The Board w i l l  also be briefed. For studies i den t i f i ed  as 
being severely flawed so they should not be reported, the Board and Panel w i l l  be 
informed and there w i l l  be a not ice t o  t h i s  e f fec t  i n  the Federal Register. I n  
response t o  a question by Dr. Swenberg, Dr. McConnell said restarted studies 
would take i n t o  account experiences gained from the i n i t i a l  study and, fo r  the 
most part, a d i f f e ren t  mode o f  dosing would be used, e.g., microencapsulation 
instead o f  gavage. 



X X I .  Peer Review and P r i o r i t y  Ranking o f  Chemicals Nominated fo r  NTP Testing: 
(Attachment 7) The Board considered 11 chemical nominations ( f i v e  azo and n i t r o  
dyes, and s i x  organometallic compounds ) which had been reviewed previously by 
the NTP Chemical Evaluation Committee (CEC). Dr. Mendelsohn chaired the review 
and Dr. Dorothy Canter, NIEHS, member o f  the CEC, and Dr. Victor Fung, NTP 
Chemical Selection Coordinator, served as resource persons. Each Board member 
had been asked t o  serve as pr inc ipa l  reviewer for  one or two chemicals. 
Following the pr inc ipa l  reviewer s presentation and discussion by the Board mem- 
bers, a motion was made and voted on. 

The group o f  f i v e  azo and n i t r o  dyes (C. I.Acid Yellow 151, C. I.Basic Red 18, 
C.I.  D i rect  Red 80, C. I.Direct Yellow 4, and C. I.Disperse Brown 1) had been 
reviewed by the Board on August 16, 1984, and deferred u n t i l  the next meeting 
t o  allow for  a presentation on the rat ionale for  the nomination o f  these dyes as 
representative o f  the azo and n i t r o  dyes class. I n  the interim, the NTP 
CHEMTRACK computerized data base was searched fo r  a l l  chemicals i n  the NTP car- 
cinogenesis studies program with primary or secondary use categories as dyes, 
e i ther  intermediates or f in ished dyes, inks or pigments. The 110 chemicals 
i den t i f i ed  are shown i n  Attachment 8. Dr. Tucker Helmes, SRI International, 
discussed the chemical class study on azo and n i t r o  dyes that  was conducted fo r  
the National Cancer I n s t i t u t e  (NCI )  with assistance from the Dyes Environmental 
and Toxicology Organization, Inc. (DETO) . Dr. Barry Bochner , representing E T O ,  
was present as a resource person. Dr. Helmes said the dye class study was i n i -
t i a ted  because chemicals i n  t h i s  class have a s ign i f i can t  potent ia l  fo r  human 
exposure and are regarded with some suspicion o f  carcinogenicity. Since no 
chronic data was available fo r  many o f  the low-volume dyes, one o f  the objec- 
t ives o f  the study was t o  provide a framework fo r  obtaining data fo r  
establishing a set o f  reference compounds. These compounds would represent each 
major s t ruc tura l  category and iden t i f y  both posi t ive and negative chemicals i n  
each category. The ul t imate goal would be t o  develop predict ive tes t  methods 
for over 2000 dyes. I n  evaluating the azo and n i t r o  dyes, weight was given t o  
potent ia l  human exposure, suspicion o f  carcinogenicity, and st ructure-act iv i ty  
interest.  A series o f  meetings involving SRI s ta f f ,  DETO representatives, s t a f f  
from the NCI and the various relevant Federal agencies, and, i n  some cases, 
labor union representatives, l ed  t o  a l i s t  o f  37 dyes that  were considered prime 
candidates for carcinogenesis bioassay. A subsequent meeting reduced the l i s t  
t o  14 out o f  which the f i v e  nominated dyes were given high p r i o r i t y .  Dr. Helmes 
concluded h i s  presentation by g iv ing rat ionales for  each o f  the f i v e  dyes. The 
Board then discussed the f i v e  dyes, and recommendations were made and voted 
upon. 

Dr. Canter presented background information on the remaining s i x  compounds t o  be 
reviewed, which were nominated by the NCI as a resu l t  o f  a class study on 
organometallic compounds. She said t h i s  study complimented an NCI class study 
of inorganic metal l ics. The compounds were evaluated by the CEC on 
February 28, 1984 (Attachment 7). The Board then discussed the s i x  organome- 
t a l l i c s ,  and recommendations were made and voted upon. 

The ~ o a r d ' s  recommendations, p r i o r i t y  fo r  testing, and addit ional  remarks and/or 
caveats for the f i v e  dyes and the s i x  organometallic compounds are summarized 
i n  Attachment 9. 
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