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Attendees 
 
Members:  
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ad hoc Attendees:  
Leena Hilakivi-Clarke, Georgetown University 
Paul Cooke, University of Illinois 
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William Jameson  Mary Wolfe   
Wendy Jefferson   
          
Agency Attendees:  
William Allaben, FDA 
Barry Delclos, NCTR 
Beoon Seok Han, FDA 
Paul Howard, FDA 
Greg Olson, FDA 
Brent Thorn, FDA 
Mark Toraason, NIOSH 
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Public Attendees: 
Andrew Ballard, BNA 
Stephen Brecker, Dynamac Corp. 
Donna Browning, RTI International 
Anne Chappelle, Sunoco 
Patricia Crockett, Constella Group 
Sanford Garner, Constella Group 
Reshan Fernando, RTI International 
Jan Holland, Aques New Zealand 
Gloria Jahnke, Sciences International 
Jessica Matthews, Constella Group 
John Peckham, Experimental Pathology Laboratories 
Rosalie Schnick, Michigan State University 
Gabriel Wilson, Experimental Pathology Laboratories 
 
Transcriptionist: 
Kay Rodhe 
 
Peer Review Meeting  
 
The meeting began at 8:30 a.m. on June 12, 2006, in the Rodbell Conference Center, 
David P. Rall Building, National Institute of Environmental Health Sciences, Research 
Triangle Park, North Carolina.  Members of the attending subcommittee were Drs. 
Charlene McQueen (chairperson), Diane Birt, Christopher Bradfield, Kenny Crump, 
George Daston, Prescott Deininger, Nancy Kerkvliet, Jon Mirsalis, Harish Sikka, Keith 
Soper, and Vernon Walker, and special ad hoc reviewers were Drs. Paul Cooke and 
Leena Hilakivi-Clarke.  For further information, contact Dr. Barbara Shane, Executive 
Secretary, at 919-541-4253 or shane1@niehs.nih.gov. 
 
Multigenerational Study of Genistein  
Dr. Barry Delclos, NCTR, introduced the technical report on the multigenerational 
studies of genistein by providing some background on the joint NIEHS-NCTR series of 
endocrine disruptor studies.  He described the composition of soy products that contain 
genistin and its aglycone genistein, the latter of which also results from metabolism.  He 
discussed human exposures and the short-term range-finding studies that served as the 
basis for dose selection for the multigenerational and two-year rodent studies.  He then 
described the exposure regimen for the multigenerational studies and the effects of the 
chemical on survival, body weight, and reproductive endpoints in exposed animals.  The 
proposed conclusions were:   
 

Under the conditions of this study, dietary exposure to 500 ppm genistein 
(approximately 35 mg genistein/kg body weight per day in males and 51 
mg/kg per day in females) decreased body weights, accelerated vaginal 
opening, slightly decreased anogenital distance, and altered estrous 
cyclicity in females continuously ingesting genistein.  Significant 
decreases in postweaning body weight and decreases in anogenital 
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distance in males were confined to the F1 generation and were not seen in 
the similarly exposed F2 generation.  In animals exposed to 500 ppm, there 
was some evidence for reduced litter size in the F1 and F2 generations that 
were continuously exposed to the test chemical.  No other impacts on 
fertility and no histopathologic lesions were observed in females.  The 
male reproductive tract did not show significant alterations, but increased 
incidences of hyperplasia of the mammary gland and calcification of renal 
tubules were observed in continuously exposed 100 and 500 ppm males 
examined at 20 weeks of age.  Weaker effects on the incidences of male 
mammary gland hyperplasia were observed in 500 ppm males exposed 
only as adults or exposed only in utero and through lactation.  Other than 
decreased body weight gains in preweaning pups, there was no evidence 
for a carryover of genistein effects into unexposed generations.   

 
Dr. Walker, the first principal reviewer, had no substantial scientific criticisms.  He noted 
that the complex multigenerational design was very different from other NTP studies.   
 
Dr. Daston, the second principal reviewer, noted that the use of different exposure 
windows permitted determination of whether responses were primary pharmacologic 
effects or adaptive responses.  He also noted that the control diet and dose selection 
spanned the varied range of human exposures and suggested that the diet and 
phytoestrogen levels be specified in more detail in the abstract.  He asked for clarification 
of whether the time in estrus or proestrus was altered by the treatment.  He suggested that 
the known anorectic effect of estrogen be added to the results section.  He also noted the 
limited precision associated with measurement of the phases of the estrous cycle.  For the 
discussion section, he asked for clarification of the doses used compared to human 
consumption levels.  He also thought it worth noting that within the phytoestrogen range 
of 1 to 100 ppm, the reproductive or developmental parameters remained relatively 
normal.  He added that since this report is one of a series, that the NTP compile a separate 
report on the lessons learned from these studies, once all the reports are complete.  
 
Dr. Crump, the third principal reviewer, thought the complicated statistical analyses were 
presented clearly and agreed with the conclusions presented at the end of the discussion 
section. 
 
The ad hoc reviewer, Dr. Cooke, thought the studies were very thorough and well 
organized and presented.  He was pleased that male mammary hyperplasia was 
considered as an endpoint and commented on the finding of an increase in incidence of 
this lesion at relatively low concentrations of exposure to genistein.  He said a point to be 
emphasized is that the study design did not parallel the human situation for soy-fed 
infants.   Dr. Walker stated that the model precludes one from delivering the same 
cumulative dose. 
 
In response, Dr. Delclos agreed that while fetal exposure was significant, post-natal 
exposure was less, and said he would note those points in the abstract. 
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Dr. Birt asked for some comparison of the responses in other strains as part of the 
rationale for selection of the Sprague-Dawley rat and for more detail on the composition 
and monitoring of the diet.  Ms. Retha Newbold, NIEHS, noted that the diets were 
specially formulated to have low levels of phytoestrogens. 
 
Dr. Kerkvliet inquired about the corresponding times of rodent and human gestational 
stages.  Dr. Delclos responded that postnatal days 1-5 for rodents correspond roughly to 
the second trimester for humans.  Ms. Newbold added that developmental events of 
various tissues or systems, including the neuroendocrine system, are continuous and not 
restricted to a particular prenatal window. 
 
Dr. Daston moved, and Dr. Walker seconded, that the conclusions be accepted as written.  
The motion was passed unanimously with 10 yes votes. 
 
Genistein    
Dr. Barry Delclos, introduced the technical report on the 2-year studies of genistein by 
describing the study design, and the effects of the chemical on body weight, aberrant 
estrous cyclicity, male mammary gland hyperplasia, female mammary gland 
fibroadenomas, and pituitary gland adenomas.  The proposed conclusions were: 
 

Under the conditions of this 2-year feed study with continuous exposure to 
the test compound from conception through termination (F1C), there was 
no evidence of carcinogenic activity of genistein in male Sprague-Dawley 
rats exposed to 5, 100, or 500 ppm.  There was some evidence of 
carcinogenic activity of genistein in female Sprague-Dawley rats based on 
increased incidences of mammary gland adenoma or adenocarcinoma 
(combined) and pituitary gland neoplasms.  The incidence of benign 
mammary gland fibroadenoma in female rats was significantly decreased 
in the 500 ppm group. 
 
Under the conditions of this 2-year feed study with exposure to the test 
compound from conception through 20 weeks followed by control feed 
until termination (F1T140), there was no evidence of carcinogenic activity 
of genistein in male Sprague-Dawley rats exposed to 5, 100, or 500 ppm.  
There was equivocal evidence of carcinogenic activity of genistein in 
female Sprague-Dawley rats based on marginally increased incidences of 
pituitary gland neoplasms. 
 
Under the conditions of this 2-year feed study with continuous exposure to 
the test compound from conception through weaning (PND 21) followed 
by control feed until termination (F3T21), there was no evidence of 
carcinogenic activity of genistein in male Sprague-Dawley rats exposed to 
5, 100, or 500 ppm.  There was equivocal evidence of carcinogenic 
activity of genistein in female Sprague-Dawley rats based on increased 
incidences of mammary gland adenoma or adenocarcinoma (combined). 
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Exposure to genistein was also shown to accelerate the onset of aberrant 
estrous cycles in female Sprague-Dawley rats whether exposures were 
continuous or truncated at PND 140 or at weaning.  The effects of 
genistein on estrous cycling and the incidences of common hormonally 
related spontaneous neoplasms of female Sprague-Dawley rats are 
consistent with an estrogenic mechanism of toxicity.   

 
Dr. Mirsalis, the first principal reviewer, said the National Cancer Institute is studying 
genistein as a potential cancer preventative agent and suggested that some of those 
studies be mentioned in the background information.  He suggested that the sampling of 
the diet to ensure homogeneity be discussed and added that the increased incidence of 
pancreatic islet adenomas was worth noting.  He thought a comparison of the 
administered doses with human exposure should be mentioned in the discussion.  He 
questioned whether the report reflected Good Laboratory Practice compliance, 
particularly as it pertains to administrative detail.   
 
Dr. Bradfield, the second principal reviewer, thought the study was well designed.  He 
thought that the study was more a test of the aglycone than the glucoside, but that the 
latter might be of greater significance.  He also noted that exposure of the neonate was 
not mimicked in this model. 
 
Dr. Soper, the third principal reviewer, felt the studies were well designed and agreed 
with the conclusions presented.  He suggested that the decrease in mammary gland 
fibroadenoma in the group receiving 500 ppm genistein could have been due to a 
decrease in body weight. 
 
Dr. Kerkvliet suggested that more about the rationale for dose selection and exposure 
periods should be carried from the range-finding study into the text of this report.  She 
questioned the use of terms such as ‘slightly’ or ‘marginally’ increased or ‘generally 
similar’ in descriptions of lesion incidences.  She also questioned use of the term 
‘carcinogenic’ to describe the action of a chemical that elevated the incidence of tumors, 
which occurred spontaneously with high frequency, and inquired if the reduced 
incidences of tumors would be attributed to ‘anticarcinogenic’ properties of the chemical. 
 
Dr. Hilakivi-Clarke suggested that not all the observed effects should be described 
entirely as estrogenic, but that some might also have a genotoxic component.  She 
inquired why hormone levels were not measured and also why the rats were housed 
singly.   
 
In response, Dr. Delclos said discussion of the pancreatic islet tumors would be 
expanded.  He explained that the full laboratory report, which includes all the 
administrative and procedural details, was prepared and audited for GLP compliance at 
the NCTR prior to the preparation of the technical report.   He agreed to expand the 
references on the beneficial effects of genistein in the introduction, discuss why the rats 
were housed separately, and enhance the discussion about the distinction between the 
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aglycone and glucoside conjugate.  He explained that limitations of study size precluded 
including extra animals for hormone measurements. 
 
Dr. Kerkvliet inquired about the immunotoxicity data for these studies, and Dr. Delclos 
explained that they are presented in the report on the range-finding studies.   
 
Dr. Sikka also thought that statements about genistein acting through an estrogenic 
mechanism should be modified to include the possibility of a genotoxic mechanism, and 
that more emphasis should be placed on the chemopreventative as well as carcinogenic 
effects of the compound.  Dr. Daston noted that the high rate of false positives in the in 
vitro genotoxicity tests suggest that genistein is not likely to be a genotoxic agent, and he 
thought the overall study results outweighed this in vitro data.  He inquired whether the 
human epidemiology literature might help interpret the results from the present rodent 
study.  He noted that not all estrogen-receptor tissues would be expected to respond 
similarly; for example, the uterus contains predominantly the estrogen receptor alpha, 
while genistein is predominantly an estrogen receptor beta interacting ligand. 
 
Dr. John Bucher, NIEHS, said caution must be exercised in applying human data to 
interpretation of the animal studies.  The primary purpose of the current review is to 
evaluate the animal data by themselves and extrapolation of the findings to (or from) 
human health effects would be the purview of another NTP program, the Center for the 
Evaluation of Risks to Human Reproduction.   
 
Dr. Walker also noted that all the tissues affected were hormonally related and favored 
retaining a statement suggested by Dr. Hilakivi-Clarke that they were consistent with an 
estrogenic effect without making conclusions about genotoxicity.   
 
For consideration of the conclusions, Dr. McQueen suggested they be addressed 
paragraph by paragraph.  Dr. Daston inquired whether the conclusions could include the 
dose levels at which a particular effect was seen.  Dr. Bucher replied that was not the 
normal practice, as not all possible doses were used.  Dr. Walker asked if it were possible 
in the conclusions to mention that the incidence of pancreatic tumors was increased in the 
500 ppm male rat group, but to explain why it was not considered related to genistein 
exposure.  Dr. Bucher suggested it might be sufficient to mention this information in the 
body of the abstract and to make a note of it in the summary table and Dr. Walker agreed. 
 
Dr. Daston moved and Dr. Mirsalis seconded a motion to include in the first paragraph 
the concentrations at which the increases in mammary gland and pituitary gland 
adenomas were seen.  Dr. Christopher Portier, NIEHS, argued that including those 
numbers might be interpreted as implying a threshold for response.  Drs. Walker and Birt 
spoke against including specific dose levels in the conclusions as they might oversimplify 
more complex patterns described in the results section.  Dr. Bucher noted that in some 
cases there were statistically significant trends that included increases in tumors in lower 
dose groups that were not significant by pairwise comparisons.  Drs. Kerkvliet, Soper, 
and Crump cited examples of complications that might arise from stating specific dose 
levels for a carcinogenic effect.  The motion was defeated with one yes vote (Dr. Daston) 
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and nine no votes.  Dr. Birt then moved, and Dr. Soper seconded, to approve the first two 
paragraphs of the conclusions as written.  The motion was approved unanimously with 
ten yes votes. 
 
For the remaining conclusions, Dr. Daston moved that the following text be added to the 
end of the last sentence of the final paragraph, “are consistent with an estrogenic 
mechanism of toxicity,” and that the spontaneous neoplasms be referred to as 
“hormonally related” spontaneous neoplasms.  Dr. Walker seconded the motion, which 
was approved unanimously with ten yes votes. 
 
α-Methylstyrene   
Dr. Michael Wyde, NIEHS, introduced the toxicology and carcinogenicity studies of α-
methylstyrene by describing the uses of the chemical, the study design for the short- and 
long-term studies, the effects of the chemical on the kidney and liver in the short term 
studies, and the effects on the kidney, liver, and nose in the long term studies.  The 
proposed conclusions were: 
 

Under the conditions of this 2-year inhalation study, there was some 
evidence of carcinogenic activity of α-methylstyrene in male F344/N rats 
based on increased incidences of renal tubule adenomas and carcinomas 
(combined).  The increased incidences of mononuclear cell leukemia in 
1,000 ppm male F344/N rats may have been related to α-methylstyrene 
exposure.  There was no evidence of carcinogenic activity of α-
methylstyrene in female F344/N rats exposed to 100, 300, or 1,000 ppm.  
There was equivocal evidence of carcinogenic activity of α-methylstyrene 
in male B6C3F1 mice based on marginally increased incidences of 
hepatocellular adenoma or carcinoma (combined).  There was clear 
evidence of carcinogenic activity of α-methylstyrene in female B6C3F1 
mice based on increased incidences of hepatocellular adenomas and 
carcinomas. 
 
Exposure of rats to α-methylstyrene resulted in kidney toxicity, which in 
males exhibited some features of α2u-globulin nephropathy.  Exposure to 
α-methylstyrene resulted in nonneoplastic lesions of the nose in male and 
female rats and mice and of the liver and kidney in female mice.   

 
Dr. Birt, the first principal reviewer, thought the study was performed and reported 
carefully and she agreed with the conclusions.   She suggested adding more text about the 
ataxia in the 3-month studies, the buildup and decay of the chemical in the chamber, and 
the body weight effects.   
 
Dr. Kerkvliet, the second principal reviewer, said she would like to have seen 
measurements of hepatic cytochrome P-450 activity included in the report given styrene’s 
known mode of action.  She suggested that the whole-body route of exposure by 
inhalation rather than the nose-only route be mentioned more prominently in the 
Materials and Methods section, and asked if the forestomach lesions could have had any 
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other effects on the animals’ health.  She also thought that it would be useful to discuss 
the differences in the mode of action between styrene and α-methylstyrene, and asked for 
more details on the procedures for vaginal cytology. 
 
Dr. Deininger, the third principal reviewer, thought the report was well written and noted 
the difficulty in drawing conclusions for mononuclear cell leukemia, because of the 
reported high background incidences and variability in the responsiveness among the 
treated animals. 
 
Dr. Wyde replied that details about body weights, chamber conditions, and vaginal 
cytology would be amplified, and noted that ataxia was not observed in the 2-year 
studies.  He also agreed to expand the discussion on the comparison of the metabolic 
pathways of styrene and α-methylstyrene.   Dr. Robert Sills, NIEHS, said the 
forestomach lesions were focal and mild in severity and likely did not affect the eating or 
digestion of the animals.  
 
Dr. Sikka said a discussion on the structure-activity relationship between styrene and α-
methylstyrene would be useful particularly in relation to the potency of the two 
chemicals. 
 
Dr. Daston asked if the conclusion statements regarding the kidney tumors in rats might 
carry some qualifying statement about a possible relationship with accumulation of α2u-
globulin. 
 
Public Comment  
Dr. Anne Chappelle, representing Sunoco Corporation, said the results of the 3-month 
and 2-year studies supported an α2u-globulin nephropathy-mediated mechanism for the 
induction of kidney tumors in the male rats.  She also thought the increase in liver tumors 
in female mice was due to a lower than normal incidence in the control group.  She also 
asserted that a maximum tolerated dose (MTD) was exceeded in some animal groups. 
 
Dr. Walker noted the erythrocyte micronucleus data for mice indicated that the chemical 
had a clastogenic effect; therefore, its mechanism of action in rats was not solely due to 
α2u-globulin.  Regarding liver tumors in female mice, he also noted that there was a clear 
difference in the increase in tumors in the treated mice compared with concurrent 
controls.  Even though these control values were low, they were not the lowest values 
seen among the historical control database. 
 
In discussing the conclusions, Dr. Daston proposed that the sentence: “This effect was 
seen in association with α2u-globulin accumulation” be moved to the first paragraph after 
the text about the kidney tumors in male rats.  Dr. Robert Sills presented an overview of 
the spectrum of kidney lesions that were observed, some of which might be associated 
with α2u-globulin, while others, such as the cytotoxic effects, might be due to the 
chemical.   Dr. John Bucher said there was not enough evidence to support a statement 
that all the male kidney tumors were due to α2u-globulin and not to a direct effect of the 
chemical. 
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Dr. Daston maintained that some suggestion of the possibility of a contribution by α2u-
globulin in the conclusion would be useful.  Dr. Sills replied that while some aspects of 
the classic α2u-globulin syndrome were seen, others, such as cell proliferation, single cell 
necrosis, and granular casts were not.  He also noted a recent study of p-nitrobenzoic acid 
in which α2u-globulin accumulation and cell proliferation were seen, but no kidney 
tumors were found. 
 
Dr. Daston moved and Dr. Kerkvliet seconded a motion to add the statement: “This effect 
was seen in association with α2u-globulin accumulation” to the first paragraph of the 
conclusions.  Drs. Bucher and Wyde noted that the α2u-globulin is typically observed in 
the 3-month studies but not in 2-year studies.  The motion was defeated with one yes vote 
(Dr. Daston), eight no votes, and one abstention (Dr. Deininger). 
 
Dr. Birt then moved and Dr. Bradfield seconded that the conclusions be accepted as 
originally written.  Dr. Walker proposed changing the word “accumulation” to 
“nephropathy” in the second paragraph and Dr. Birt modified her motion.  The motion 
was passed unanimously with ten yes votes.   
 
 
Methylene Blue Trihydrate   
Dr. Douglas Bristol, NIEHS, introduced the toxicology and carcinogenicity studies of 
methylene blue trihydrate by describing the uses and hematotoxicity of the chemical, the 
experimental design and dose selection for the 1-month, 3-month, and 2-year studies, the 
survival and body weight profiles for those studies, and the nonneoplastic and neoplastic 
lesions observed in the 2-year study.  The proposed conclusions were: 
 

Under the conditions of these 2-year gavage studies, there was some 
evidence of carcinogenic activity of methylene blue trihydrate in male 
F344/N rats based on increased incidences of pancreatic islet cell adenoma 
and adenoma or carcinoma (combined).  There was no evidence of 
carcinogenic activity in female F344/N rats administered 5, 25, or 50 
mg/kg.  There was some evidence of carcinogenic activity in male B6C3F1 
mice based on increased incidences of carcinoma and of adenoma or 
carcinoma (combined) in the small intestine.  The increased incidence of 
malignant lymphoma in 25 mg/kg males may have been related to the 
administration of methylene blue trihydrate.  There was equivocal 
evidence of carcinogenic activity in female B6C3F1 mice based on 
marginally increased incidences of malignant lymphoma.   
 
Methylene blue trihydrate administration caused methemoglobinemia and 
a regenerative Heinz body anemia with secondary injury to other organs in 
rats and mice 
 

Dr. Sikka, the first principal reviewer, agreed with the conclusions.  He suggested 
discussing in the report the potential mutagenicity of the metabolites of methylene blue.   
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Dr. Crump, the second principal reviewer, felt that while the lymphoma response in male 
mice was weak, it was supported by an increase in females.  He also thought that the 
increase in pancreatic islet tumors in male rats was relatively weak, but the statistical 
trend in the increase in lung tumors might be considered equivocal.  He said a statistical 
test for formally incorporating historical controls in the analysis would be published 
soon, and he asked for a presentation of this approach with examples at a future meeting.  
 
In response to the subcommittee’s comments, Dr. Bristol said a discussion of the 
mutagenicity of methylene blue metabolites would be added to the report.  Dr. David 
Malarkey, NIEHS, reported that the average historical control rate for male rat lung 
tumors was higher than the control rate seen in the present study.  Dr. Grace Kissling, 
NIEHS, said there are plans to present the method for statistical analysis of historical 
controls to the panel after it is published, and the NTP would ask the subcommittee to 
consider whether it should be included in future reports.  Dr. Birt asked if mentioning the 
lung tumors in male mice would strengthen the some evidence call.  Dr. Bucher replied 
that if the incidence were considered equivocal it would be phrased as “may have been 
related” to chemical administration. 
 
Dr. Daston mentioned that a number of negative trends in tumor incidence also occurred.  
Dr. Bristol replied that methylene blue has some paradoxical properties.  For example, it 
is used as a treatment for methemoglobinemia at low doses, but causes 
methemoglobinemia at higher doses.  
 
Dr. Sikka asked about mentioning the possible influence of methylene blue’s 
mutagenicity in the conclusions, and Dr. Bucher responded that such an addition has not 
been done in the past.  Dr. Kerkvliet asked why the report did not mention the significant 
decrease in mononuclear cell leukemia in the rats.  Dr. Bucher replied that although the 
incidence was decreased, the inclusion of this finding in the conclusions might be 
misleading, because the effect was secondary to the primary toxicity and is rather specific 
to the F-344/N model.  A decrease in mononuclear cell leukemia in this strain of rats is 
expected in instances where splenic toxicity is observed.  The NTP agreed to explain this 
finding more fully in the discussion section of the report.  
 
Dr. Soper moved and Dr. Walker seconded that the conclusions be accepted as written.  
The motion was passed unanimously with ten yes votes. 
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Research Director 
State University of New York College at Buffalo 
1300 Elmwood Avenue 
Buffalo, NY 14222 
 
Keith Soper, Ph.D. 
Senior Director 
Merck Research Labs 
WP 53B-120 
West Point, PA  19486-0004 
 
Vernon Walker, DVM, Ph.D. 
Research Scientist 
Lovelace Respiratory Institute 
2425 Ridgecrest Drive, SE 
Albuquerque, NM  87108 
 
Ad hoc Members: 
 
Paul Cooke, Ph.D. 
Professor of Veterinary Biosciences 
University of Illinois 
2001 South Lincoln 
Urbana, IL  61802 
 
Leena Hilakivi-Clarke, Ph.D. 
Professor of Oncology 
Georgetown University 
W405 Research Building 
Washington, DC  20057 
 
 
 
*** Not in attendance 
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