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FOREWORD

The National Toxicology Program (NTP) is an interagency program within the Public Health Service (PHS) of the
Department of Health and Human Services (HHS) and is headquartered at the National Institute of Environmental
Health Sciences of the National Institutes of Health (NIEHS/NIH). Three agencies contribute resources to the
program: NIEHS/NIH, the National Institute for Occupational Safety and Health of the Centers for Disease
Control and Prevention (NIOSH/CDC), and the National Center for Toxicological Research of the Food and Drug
Administration (NCTR/FDA) Established in 1978, the NTP is charged with coordinating toxicological testing
activities, strengthening the science base in toxicology, developing and validating improved testing methods, and
providing information about potentially toxic substances to health regulatory and research agencies, scientific and
medical communities, and the public.

The Technical Report series began in 1976 with carcinogenesis studies conducted by the National Cancer Institute.
In 1981, this bioassay program was transferred to the NTP. The studies described in the Technical Report series
are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity,
of selected substances in laboratory animals (usually two species, rats and mice). Substances selected for NTP
toxicity and carcinogenicity studies are chosen primarily on the basis of human exposure, level of production, and
chemical structure. The interpretive conclusions presented in NTP Technical Reports are based only on the results
of these NTP studies. Extrapolation of these results to other species including characterization of hazards and risks
to humans requires analyses beyond the intent of these reports. Selection per se is not an indicator of a substance’s
carcinogenic potential.

The NTP conducts its studies in compliance with its laboratory health and safety guidelines and Good Laboratory
Practice Regulations and must meet or exceed all applicable federal, state, and local health and safety regulations.
Animal care and use are in accordance with the Public Health Service Policy on Humane Care and Use of

Animals. Studies are subjected to retrospective quality assurance audits before being presented for public review.

NTP Technical Reports are indexed in the NIH/NLM PubMed database and are available free of charge
electronically on the NTP website (Attp://ntp.niehs.nih.gov/) or in hardcopy upon request from the NTP Central
Data Management group at cdm@niehs.nih.gov or (919) 541-3419.
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SUMMARY

Background

3,3",4,4',5-Pentachlorobiphenyl (PCB 126) and 2,3',4,4’,5-pentachlorobiphenyl (PCB 118) are members of a class
of chemicals containing chlorine and related in structure to dioxins. Some dioxins or dioxin-like compounds are
highly toxic and cause cancer. Contaminated sites usually contain many different varieties of these dioxin-like
compounds. The National Toxicology Program conducted a series of studies to try to gauge the relative toxicity of
the more common of these compounds, both alone and in mixtures. This study was originally designed as a test of
PCB 118 alone. However, it was discovered that the test material contained a minor (0.6%) contamination with
PCB 126, known to be a potent carcinogen. Thus the study was reclassified as a mixture study of PCB 126 and
PCB 118.

Methods

We exposed groups of 53, 54, or 66 female rats by depositing mixtures of PCB 126 and PCB 118 dissolved in corn
oil through a tube directly into their stomachs five days a week for two years. Daily doses were 10, 30, 100, 300,
or 500 micrograms of PCB 118, each with 0.6% PCB 126, per kilogram body weight. Animals receiving the corn
oil alone served as the control group. Tissues from more than 40 sites were examined for every animal.

Results

Female rats administered the mixtures of PCB 126 and PCB 118 developed a variety of diseases in several organs,
including cancers of the liver, lung, and mouth. A variety of other toxic lesions observed in exposed animals
included hypertrophy, hyperplasia, hepatopathy, fibrosis, and necrosis of the liver, hyperplasia of the oral mucosa,
metaplasia of the lung, atrophy of the thymus, hypertrophy of the thyroid gland, atrophy of the adrenal cortex,
vacuolization and atrophy of the pancreas, kidney nephropathy, hyperplasia of the nose, hyperplasia of the
forestomach, hemorrhage of lymph nodes and brain, and atrophy of the spleen.

Conclusions
We conclude that the mixtures of PCB 126 and PCB 118 caused cancer and other toxic effects at several sites in
female rats.



ABSTRACT

D1oxIN Toxic EQUIVALENCY FACTOR

EVALUATION OVERVIEW

Polyhalogenated aromatic hydrocarbons such as
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) have the
ability to bind to and activate the ligand-activated tran-
scription factor, the aryl hydrocarbon receptor (AhR).
Structurally related compounds that bind to the AhR and
exhibit biological actions similar to TCDD are com-
monly referred to as “dioxin-like compounds” (DLCs).
Ambient human exposure to DLCs occurs through the
ingestion of foods containing residues of DLCs that bio-
concentrate through the food chain. Due to their
lipophilicity and persistence, once internalized they
accumulate in body tissues, mainly adipose, resulting in
chronic lifetime human exposure.

Since human exposure to DLCs always occurs as a com-
plex mixture, the toxic equivalency factor (TEF)
methodology has been developed as a mathematical tool
to assess the health risk posed by complex mixtures of
these compounds. The TEF methodology is a relative
potency scheme that ranks the dioxin-like activity of a
compound relative to TCDD, which is the most potent
congener. This allows for the estimation of the potential
dioxin-like activity of a mixture of chemicals, based on
a common mechanism of action involving an initial
binding of DLCs to the AhR.

The toxic equivalency of DLCs was nominated for eval-
uation because of the widespread human exposure to
DLCs and the lack of data on the adequacy of the TEF
methodology for predicting relative potency for cancer
risk. To address this, the National Toxicology Program

conducted a series of 2-year bioassays in female Harlan
Sprague-Dawley rats to evaluate the chronic toxicity and
carcinogenicity of DLCs and structurally related poly-
chlorinated biphenyls (PCBs) and mixtures of these
compounds.

Mixtures of polychlorinated biphenyls (PCBs) including
3,3",4,4',5-pentachlorobiphenyl (PCB 126) and
2,3',4,4' 5-pentachlorobiphenyl (PCB 118) were pro-
duced commercially before 1977 for the electric industry
as dielectric insulating fluids for transformers and capac-
itors. Manufacture and use of these chemicals were
stopped because of increased PCB residues in the envi-
ronment, but they continue to be released into the envi-
ronment through the use and disposal of products
containing PCBs, as by-products during the manufacture
of certain organic chemicals, during combustion of some
waste materials, and during atmospheric recycling. This
PCB mixture study was conducted as part of the dioxin
TEF evaluation that includes conducting multiple 2-year
rat bioassays to evaluate the relative chronic toxicity and
carcinogenicity of DLCs, structurally related PCBs, and
mixtures of these compounds. This study was originally
a study of PCB 118 alone. However, midway through
the study PCB 126 was identified as one of the minor
contaminants (0.622%) of the bulk PCB 118 (98.5%
pure). Given the 1,000-fold higher potency of PCB 126
for inducing dioxin-like effects (based on the TEFs for
PCB 126 and PCB 118 of 0.1 and 0.0001, respectively),
it was expected that the effects of administration of this
compound would be due to the combined dioxin-like
effects of both PCB 126 and PCB 118. Therefore, this
study was reclassified as a mixture study of PCB 126
and PCB 118.
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Cl

Cl

3,3',4,4' ,5-Pentachlorobiphenyl
PCB 126

CAS No. 57465-28-8

Chemical Formula: C H.CI,

Synonym: 1,1’-Biphenyl, 3,3',4,4",5-pentachloro-(9CI)

Cl

Molecular Weight: 326.42

Cl

Cl

2,3',4,4' ,5-Pentachlorobiphenyl
PCB 118

CAS No. 31508-00-6

Chemical Formula: CH.CI,

Molecular Weight: 326.43

Synonyms: 1,1’-Biphenyl, 2,3",4,4’,5-pentachloro-(9CI); 1,1’-biphenyl, 2,3",4,4 5-pentachloro-; 2,3",4,4’,5-pentachloro-1,1'-biphenyl;
2,4,53" 4'-pentachlorobiphenyl; 3,4,2",4",5'-pentachlorobiphenyl; biphenyl, 2,3',4,4",5-pentachloro-; CB 118; PCB 118

2-YEAR STUDY

Groups of female Harlan Sprague-Dawley rats were
administered the PCB mixture containing PCB 126 and
PCB 118 by gavage in corn oil:acetone (99:1) or vehicle
alone, 5 days per week for up to 104 weeks. Dose
groups are referred to by the total levels of TCDD toxic
equivalents (TEQ) provided by the PCBs in the mixture
in each dose group. Groups of 81 female rats were
administered 7, 22, 72, or 216 ng TEQ/kg; a group of
7 ng TEQ/kg dose group:
22 ng TEQ/kg dose group:
72 ng TEQ/kg dose group:
216 ng TEQ/kg dose group:
360 ng TEQ/kg dose group:

86 female rats was administered 360 ng TEQ/kg; and a
group of 81 female rats was administered the corn
oil:acetone vehicle alone. Up to 10 rats per group were
evaluated at 14, 31, or 53 weeks. No animals in the
360 ng TEQ/kg group were examined at 53 weeks. A
group of 50 female rats was administered
360 ng TEQ/kg for 30 weeks and then the vehicle alone
for the remainder of the study. Nominal doses of
PCB 118 and levels of PCB 126 in each dose group used
were:

62 ng/kg PCB 126 and 10 ng/kg PCB 118

187 ng/kg PCB 126 and 30 pg/kg PCB 118
622 ng/kg PCB 126 and 100 pg/kg PCB 118
1,866 ng/kg PCB 126 and 300 ng/kg PCB 118
3,110 ng/kg PCB 126 and 500 pg/kg PCB 118
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No animals in the 216 or 360 ng TEQ/kg core study
groups survived to the end of the study, and survival in
the 360 ng TEQ/kg stop-exposure group was signifi-
cantly less than in the vehicle control group. Mean body
weights of 72 ng TEQ/kg rats were less than those of the
vehicle controls after week 33 of the study, and mean
body weights of the 216 and 360 ng TEQ/kg core study
rats and the 360 ng TEQ/kg stop-exposure group rats
were less than those of the vehicle controls throughout
most of the study. Clinical findings related to the admin-
istration of the binary mixture of PCB 126 and PCB 118
included abnormal breathing, thinness, and ruffled hair.

Thyroid Hormone Concentrations

Alterations in serum thyroid hormone levels were eval-
uated at the 14-, 31-, and 53-week interim evaluations.
Total thyroxine (T,) and free T, were significantly lower
in most dose groups than in vehicle controls at the 14-
and 31-week interim evaluations. Serum T, was signif-
icantly lower in the 360 ng TEQ/kg group compared to
vehicle controls at 31 weeks only. TSH levels were
higher in the 216 and 360 ng TEQ/kg groups than in
vehicle controls at 31 weeks only.

Hepatic Cell Proliferation Data

To evaluate hepatocyte replication, analysis of labeling
of replicating hepatocytes with 5-bromo-2’-deoxyuri-
dine was conducted at the 14-, 31-, and 53-week interim
evaluations. Labeling indices were elevated at doses
above 216 ng TEQ/kg at 31 weeks and at doses above
72 ng TEQ/kg at 53 weeks.

Cytochrome P450 Enzyme Activities
CYP1Al-associated 7-ethoxyresorufin-O-deethylase
(EROD) and CYP1A2-associated acetanilide-4-hydrox-
ylase (A4H) activities were evaluated at the 14-, 31-, and
53-week interim evaluations to evaluate the expression
of known dioxin-responsive genes. In addition, CYP2B-
associated pentoxyresorufin-O-deethylase (PROD)
activity was also analyzed. Hepatic and pulmonary
EROD (CYP1Al) activity, hepatic A4H (CYP1A2)
activity, and hepatic PROD (CYP2B1) activity were sig-
nificantly greater in all dosed groups compared to the
vehicle controls at weeks 14, 31, and 53.

Determinations of PCB 126

and PCB 118 Concentrations in Tissues

The tissue disposition of PCB 126 and PCB 118 was
analyzed in the liver, lung, fat, and blood of up to 10 rats
in each group at the 14-, 31-, and 53-week interim eval-
uations, except for the 360 ng TEQ/kg group at

53 weeks. The tissue disposition of PCB 126 and
PCB 118 was also analyzed in 10 rats per group at the
end of the 2-year study in the vehicle control, 7, 22, and
72 ng TEQ/kg core study groups and the 360 ng TEQ/kg
stop-exposure group. Detectable concentrations of
PCB 126 and PCB 118 were observed in the liver, fat,
lung, and blood. The highest levels of PCB 126 were
seen in the liver whereas the highest levels of PCB 118
were seen in the fat. In general, tissue concentrations
increased with increasing doses of the mixture and
increasing duration of exposure. Hepatic levels of
PCB 126 and PCB 118 in the 72 ng TEQ/kg group at the
end of the 2-year study were 284 ng/g and 3,769 ng/g,
respectively. On a TCDD equivalents basis this corre-
sponds to 28 ng TEQ/g and 0.4 ng TEQ/g for PCB 126
and PCB 118, respectively. Cessation of administration
of the mixture in the stop-exposure group led to declines
in the tissue concentrations of both PCB 126 and
PCB 118 to levels comparable to those observed in the
7 ng TEQ/kg group at the end of the 2-year study.

Pathology and Statistical Analyses

At 14, 31, and 53 weeks, liver weights were significantly
increased in treated groups with more pronounced
effects occurring in the higher dose groups. At
14 weeks, hepatocyte hypertrophy and pigmentation
were seen at doses less than 72 ng TEQ/kg. Exposure to
the PCB mixture led to significant toxicity in the liver.
At higher doses, the incidences of toxic hepatopathy
were increased as indicated by increased incidences of
multinucleated hepatocytes and diffuse fatty change. At
31 weeks, most rats in the 216 and 360 ng TEQ/kg
groups had multiple hepatic nonneoplastic lesions. At
53 weeks all animals administered 216 ng TEQ/kg had
multiple nonneoplastic lesions. The spectrum of effects
and the severity of effects at the interim and 2-year time
points increased with dose and duration of exposure. At
the end of the 2-year study in all dosed groups, there
were significantly increased incidences and severity of
toxic hepatopathy characterized by hepatocyte hyper-
trophy, multinucleated hepatocytes, pigmentation, toxic
hepatopathy, diffuse fatty change, nodular hyperplasia,
centrilobular fibrosis, cholangiofibrosis, oval cell
hyperplasia, bile duct cyst, bile duct hyperplasia, and
portal fibrosis. There were also increased incidences of
hepatocyte glandular structures, necrosis, centrilobular
degeneration, eosinophilic focus, and metaplasia.

The incidences of cholangiocarcinoma (multiple and/or
single) were significantly increased in groups adminis-
tered 22 ng TEQ/kg or greater at 2 years. The incidences



of hepatocellular adenoma were also significantly
increased in the 216 and 360 ng TEQ/kg core study
groups. In addition, single occurrences of hepatocholan-
gioma, cholangioma, or hepatocellular carcinoma were
observed in some dosed groups administered
72 ng TEQ/kg or greater.

In the lung at 53 weeks, the incidences of cystic keratin-
izing epithelioma and bronchiolar metaplasia were sig-
nificantly increased in the 216 ng TEQ/kg group.
Significantly increased incidences of cystic keratinizing
epithelioma (single or multiple) occurred in groups
administered 72 ng TEQ/kg or greater at 2 years.
Nonneoplastic effects observed in the lung included
bronchiolar metaplasia of the alveolar epithelium, squa-
mous metaplasia, serosal fibrosis, and keratin cysts in
the stop-exposure group.

Increased incidences of gingival squamous cell carci-
noma of the oral mucosa were observed at the end of the
2-year study and were accompanied by increased
incidences of gingival squamous hyperplasia of the oral
mucosa.

Numerous nonneoplastic effects were seen in other
organs at the interim time points including atrophy of the
thymus, follicular cell hypertrophy of the thyroid gland,
atrophy of the adrenal cortex and acinar cytoplasmic
vacuolization of the pancreas. These responses were
also affected by administration of PCB 126:PCB 118 at
the end of the 2-year study and were accompanied by
additional nonneoplastic responses in numerous organs
including vacuolization of the adrenal cortex, acinar
atrophy of the pancreas, and chronic active inflammation

Binary Mixture of PCB 126 and PCB 118, NTP TR 531

of the pancreatic acinus. In the kidney, severity of
nephropathy was increased. Effects on the cardiovascu-
lar system were seen including cardiomyopathy of the
heart, chronic active inflammation of the coronary
artery, inflammation of the epicardium, and chronic
active inflammation of the mesentric and pancreatic
arteries. Other nonneoplastic lesions that were treatment
related were hemorrhage of the brain and mandibular,
mesenteric, and mediastinal lymph nodes; forestomach
hyperplasia; hyperplasia of the nasal respiratory epithe-
lium; metaplasia of the olfactory epithelium; and atrophy
of the lymphoid follicle of the spleen.

CONCLUSIONS

Under the conditions of this 2-year gavage study there
was clear evidence of carcinogenic activity* of the
mixture of PCB 126 and PCB 118 in female Harlan
Sprague-Dawley rats based on increased incidences of
cholangiocarcinoma and hepatocellular neoplasms (pre-
dominantly hepatocellular adenomas) of the liver and
cystic keratinizing epithelioma of the lung. The margin-
ally increased incidences of gingival squamous cell car-
cinoma of the oral mucosa were also considered to be
related to administration of the mixture of PCB 126 and
PCB 118. Occurrences of cholangioma and hepatocho-
langioma of the liver may have been related to adminis-
tration of the mixture of PCB 126 and PCB 118.

Administration of the mixture of PCB 126 and PCB 118
caused increased incidences of nonneoplastic lesions in
the liver, lung, oral mucosa, thymus, thyroid gland, adre-
nal cortex, pancreas, kidney, heart, lymph nodes, mesen-
teric artery, brain, forestomach, spleen, and nose.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 13.
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Summary of the 2-Year Carcinogenesis and Toxicology Study of a Binary Mixture
of PCB 126 and PCB 118 in Female Sprague-Dawley Rats

Doses in corn oil/acetone by gavage

0 ng TEQ/kg

7 ng TEQ/kg (62 ng/kg PCB 126:10 ng/kg PCB 118)

22 ng TEQ/kg (187 ng/kg PCB 126:30 pg/kg PCB 118)

72 ng TEQ/kg (622 ng/kg PCB 126:100 pg/kg PCB 118)

216 ng TEQ/kg (1,866 ng/kg PCB 126:300 png/kg PCB 118)

360 ng TEQ/kg (3,110 ng/kg PCB 126:500 pg/kg PCB 118)

360 ng TEQ/kg (3,110 ng/kg PCB 126:500 pg/kg PCB 118) stop-exposure group

Body weights
72, 216, and 360 ng TEQ/kg core study groups and 360 ng TEQ/kg stop-exposure group less than the vehicle control group

Survival rates
27/53, 17/54, 24/53, 15/53, 0/53, 0/66, 10/50

Nonneoplatic effects

Liver:
hepatocyte hypertrophy (0/53, 16/51, 22/53, 47/53, 52/53, 65/65, 36/50)
multinucleated hepatocyte (0/53, 9/51, 21/53, 48/53, 52/53, 48/65, 38/50)
hepatocyte glandular structure (0/53, 0/51, 0/53, 1/53, 5/53, 25/65, 9/50)
pigmentation (5/53, 18/51, 38/53, 52/53, 53/53, 60/65, 50/50)
toxic hepatopathy (0/53, 8/51, 32/53, 51/53, 52/53, 64/65, 50/50)
diffuse fatty change (3/53, 14/51, 27/53, 45/53, 49/53, 56/65, 35/50)
nodular hyperplasia (0/53, 0/51, 10/53, 45/53, 50/53, 61/65, 34/50)
centrilobular fibrosis (0/53, 0/51, 7/53, 36/53, 52/53, 57/65, 43/50)
necrosis (3/53, 13/51, 6/53, 26/53, 17/53, 27/65, 6/50)
oval cell hyperplasia (4/53, 4/51, 23/53, 49/53, 52/53, 62/65, 43/50)
bile duct cyst (4/53, 3/51, 3/53, 14/53, 25/53, 14/65, 21/50)
bile duct hyperplasia (5/53, 5/51, 7/53, 46/53, 52/53, 60/65, 37/50)
portal fibrosis (0/53, 0/51, 2/53, 37/53, 52/53, 58/65, 42/50)
cholangiofibrosis (1/53, 2/51, 3/53, 21/53, 42/53, 29/65, 27/50)
eosinophilic focus (10/53, 21/51, 23/53, 15/53, 6/53, 10/65, 15/50)
focal fatty change (10/53, 10/51, 6/53, 1/53, 10/53, 6/65, 14/50)
centrilobular degeneration (2/53, 3/51, 8/53, 8/53, 3/53, 8/65, 6/50)
metaplasia (0/53, 0/51, 0/53, 0/53, 4/53, 4/65, 2/50)

Lung:
alveolar epithelium metaplasia bronchiolar (1/53, 14/51, 39/53, 46/53, 35/53, 8/66, 15/50)
squamous metaplasia (0/53, 1/51, 2/53, 14/53, 16/53, 7/66, 8/50)
serosal fibrosis (3/53, 0/51, 0/53, 1/53, 16/53, 8/66, 1/50)
keratin cyst (0/53, 0/51, 0/53, 0/53, 0/66, 9/50)

Oral mucosa:
gingival squamous hyperplasia (11/53, 10/51, 20/53, 24/53, 27/53, 18/66, 18/50)

Thymus:
atrophy (40/53, 44/51, 44/51, 49/51, 50/51, 57/59, 45/46)
severity of atrophy (2.7, 2.5, 3.0, 3.9, 3.8, 3.8, 3.4)

Thyroid gland:
follicular cell hypertrophy (22/53, 35/51, 34/53, 38/52, 44/52, 37/66, 29/49)

Adrenal cortex:
atrophy (2/53, 1/51, 0/53, 15/53, 44/53, 40/65, 12/50)
cytoplasmic vacuolization (14/53, 16/51, 13/53, 24/53, 27/53, 12/65, 16/50)

Pancreas:
acinus cytoplasmic vacuolization (0/53, 1/51, 8/53, 39/53, 49/53, 43/65, 41/50)
chronic active artery inflammation (0/53, 2/51, 2/53, 21/53, 14/53, 4/65, 10/50)
acinus atrophy (1/53, 5/51, 3/53, 5/53, 9/53, 8/65, 8/50)
chronic active inflammation (1/53, 5/51, 4/53, 3/53, 2/53, 6/65, 5/50)
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Summary of the 2-Year Carcinogenesis and Toxicology Study of a Binary Mixture
of PCB 126 and PCB 118 in Female Harlan Sprague-Dawley Rats

Kidney:
nephropathy (41/53, 37/51, 37/53, 48/53, 50/53, 43/65, 34/50)
severity of nephropathy (1.1, 1.2, 1.2, 2.0, 2.0, 1.4, 2.0)

Heart:
cardiomyopathy (20/53, 13/51, 17/53, 34/53, 14/53, 19/65, 15/50)
coronary artery chronic active inflammation (1/53, 1/51, 0/53, 7/53, 10/53, 9/65, 6/50)
epicardium inflammation (1/53, 1/51, 0/53, 6/53, 13/53, 6/65, 1/50)

Mandibular lymph node:
hemorrhage (0/53, 0/51, 1/53, 0/52, 2/52, 7/66, 4/49)

Mediastinal lymph node:
hemorrhage (2/28, 2/16, 4/16, 15/25, 7/20, 25/45, 11/22)

Mesenteric lymph node:
hemorrhage (0/53, 2/51, 2/53, 2/53, 4/52, 14/65, 10/50)

Mesentery:
artery chronic active inflammation (0/53, 1/35, 1/45, 9/49, 9/52, 3/63, 7/43)

Brain:
hemorrhage (0/53, 1/51, 1/53, 4/53, 5/53, 14/66, 8/50)

Forestomach:
squamous hyperplasia (4/53, 1/51, 3/53, 11/53, 4/53, 9/65, 2/50)

Spleen:
lymphoid follicle atrophy (4/53, 5/51, 2/53, 5/53, 3/53, 9/65, 4/50)

Nose:
inflammation (17/53, 15/51, 16/53, 10/53, 22/53, 11/66, 11/50)
respiratory epithelium hyperplasia (8/53, 11/51, 5/53, 8/53, 16/53, 9/66, 10/50)
olfactory epithelium metaplasia (0/53, 2/51, 1/53, 3/53, 8/53, 1/66, 5/50)

Neoplastic effects

Liver:
cholangiocarcinoma (0/53, 0/51, 5/53, 19/53, 28/53, 12/65, 19/50)
hepatocellular adenoma (2/53, 1/51, 0/53, 4/53, 17/53, 5/65, 1/50)
hepatocellular carcinoma (0/53, 0/51, 0/53, 0/53, 1/53, 0/65, 0/50)

Lung:
cystic keratinizing epithelioma (0/53, 0/51, 0/53, 20/53, 49/53, 41/66, 12/50)

Oral mucosa:
gingival squamous cell carcinoma (1/53, 1/51, 2/53, 4/53, 0/53, 1/66, 1/50)

Equivocal findings

Liver:
hepatocholangioma (0/53, 0/51, 0/53, 1/53, 1/53, 1/65, 1/50)
cholangioma (0/53, 0/51, 0/53, 1/53, 0/53, 0/65, 0/50)

Level of evidence of carcinogenic activity
Clear evidence
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

* Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

» Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

* Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

» Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

 adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

« progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

« some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

» combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

« latency in tumor induction;

« multiplicity in site-specific neoplasia;

* metastases;

« supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

 presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

« concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

« survival-adjusted analyses and false positive or false negative concerns;

* structure-activity correlations; and

* in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On December 9, 2004, the draft Technical Report on the
toxicology and carcinogenesis studies of 3,3',4,4')5-
pentachlorobiphenyl (PCB 126) and 2,3',4,4’,5-
pentachlorobiphenyl (PCB 118) received public review
by the National Toxicology Program’s Board of
Scientific Counselors’ Technical Reports Review Sub-
committee. The review meeting was held at the National
Institute of Environmental Health Sciences (NIEHS),
Research Triangle Park, NC.

Dr. N.J. Walker, NIEHS, presented the background,
design, and goals of the NTP study series on the Toxic
Equivalency Factor evaluations of mixtures of dioxin-
like compounds (dioxins, PCBs, furans).

Dr. Walker, NIEHS, introduced the toxicology and car-
cinogenesis studies of a binary mixture of PCB 126 and
PCB 118 by noting that the study was originally
designed to study PCB 118 alone. However, during the
course of the study, analyses revealed the presence of
0.622% of the much more potent PCB 126. The study
was continued as a mixture study because humans are
exposed to both types of PCBs. Dr. Walker described the
study design and the spectrum of lesions in the liver,

lung, and oral mucosa, and a variety of nonneoplastic
lesions. The proposed conclusions were clear evidence
of carcinogenic activity of the PCB 126 and PCB 118
mixture in female Harlan Sprague-Dawley rats.

Dr. Roberts, the first principal reviewer, agreed in
principle with the proposed conclusions, except he felt
that the hepatocellular lesions should just be identified as
adenomas, as only one carcinoma was seen in all the
groups.

Dr. Boekelheide, the second principal reviewer, also
agreed with the proposed conclusions.

Dr. Elwell, the third principal reviewer, inquired if the
transplantation studies would be added to the final ver-
sion of the report. (Appendix G was added.)

Dr. Roberts moved that the conclusions be accepted as
written, clear evidence of carcinogenic activity of
PCB 126 and PCB 118 in female Harlan Sprague-
Dawley rats. Dr. Boekelheide seconded the motion. The
motion was passed unanimously with nine votes.
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OVERVIEW

D10xIN Toxic EQUIVALENCY FACTOR
EVALUATION

Polyhalogenated Aromatic Hydrocarbons
and Human Exposure

Polyhalogenated aromatic hydrocarbons (PHAHs)
comprise a large class of compounds including polychlo-
rinated dibenzodioxins (PCDDs), polychlorinated diben-
zofurans (PCDFs), polychlorinated biphenyls (PCBs),
polychlorinated naphthalenes (PCNs), and polybro-
minated diphenyl ethers (PBDEs).

PCDDs and PCDFs are not manufactured for commer-
cial purposes. They are unwanted by-products of many
anthropogenic activities, including combustion pro-
cesses such as forest and backyard trash fires and manu-
facturing processes for herbicides and paper. PCB
mixtures were commercially produced and used in the
electric power industry as dielectric insulating fluids in
transformers and capacitors and used in hydraulic fluids,
plastics, and paints. PCNs were produced and used as
dielectric fluids in capacitors, transformers, and cables.
PBDEs are flame retardants, used in the manufacture of
items including paints, foams, textiles, furniture, and
household plastics (USEPA, 2000a).

Because these compounds are resistant to degradation
and persist in the environment, they have the ability to
bioaccumulate and become more concentrated. Ambient
human exposure to PHAHs occurs through the ingestion
of foods containing PHAH residues. Due to their per-
sistence and lipophilicity, once internalized, they accu-
mulate in body tissues, mainly adipose, resulting in
chronic lifetime human exposure (Schecter ef al., 1994).

Dioxin-like Compounds

Depending on the location and type of the halogenation,
some PHAHs, most notably certain PCDDs, PCDFs, and
PCBs, have the ability to bind to a cytosolic receptor
known as the aryl hydrocarbon receptor (AhR) (Safe,
1990; Whitlock, 1990). 2,3,7,8-Tetrachlorodibenzo-
p-dioxin (TCDD), commonly referred to as “dioxin,” is
the most well-characterized member of these structurally
related compounds and exhibits the highest potency of

binding to the AhR. Depending upon the number and
position of the substitutions, there are potentially
75 PCDDs, 135 PCDFs, and 209 PCBs. Structurally
related compounds that bind to the AhR and exhibit bio-
logical actions similar to TCDD are commonly referred
to as dioxin-like compounds (DLCs). There are
seven PCDDs, 10 PCDFs, and 13 PCBs that exhibit such
dioxin-like activity (USEPA, 2000b). In addition to the
persistent DLCs, there are a wide variety of other com-
pounds that can also bind to the AhR, including poly-
cyclic aromatic hydrocarbons (e.g., benzo(a)pyrene
found in cigarette smoke), dietary indoles (e.g., indole-
3-carbinol found in cruciferous vegetables), dietary
flavonoids (e.g., quercetin, kaempferol), and heme
degradation products (e.g., bilirubin/biliverdin).

The persistent PHAHs and DLCs have been the subject
of an extensive amount of research regarding environ-
mental levels, transport, and fate; human exposure;
mechanisms of action; and toxicity that is beyond the
scope of this report. The extensive body of knowledge
on TCDD and related compounds has been fully
reviewed by the International Agency for Research on
Cancer (1997), the Agency for Toxic Substances and
Disease Registry (1998, 2000), and by the United States
Environmental Protection Agency (2000a,b,c); there-
fore, it will not be re-reviewed in depth in this Technical
Report.

Mechanism of Action

via the Aryl Hydrocarbon Receptor

Based on the extensive body of research on the induction
of the cytochrome P450 1A1 (CYP1A1) gene by TCDD,
the primary mechanism of action of DLCs involves
initial binding to the AhR (Schmidt and Bradfield,
1996). The AhR is a protein found as a multimeric
complex in the cytosol of all vertebrate species and acts
as a ligand-activated transcription factor. Initial binding
of ligand to the receptor disrupts the receptor complex
leading to receptor activation and translocation into the
nucleus where it heterodimerizes with the AhR nuclear
translocator protein (ARNT) (Gu et al., 2000). The
AhR-ARNT heterodimer binds to specific cognate DNA
sequence elements known as dioxin/xenobiotic response
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elements (DRE/XRE) present in the regulatory region of
specific genes such as CYP1Al. Binding of the AhR-
ARNT heterodimer to these elements leads to increased
transcription of the specific gene. The characteristic
response to TCDD is the transcriptional induction of
CYP1A1l, which is mediated by binding of the
heterodimer to DREs present in the 5’ flanking region of
the gene. The AhR is expressed in all tissues with a
definite tissue specificity in terms of level of expression
and diversity of response. TCDD has been shown to
modulate numerous growth factor, cytokine, hormone,
and metabolic pathways in animals and experimental
systems. Many, if not all, are parts of pathways involved
in cellular proliferation and differentiation and, taken
together, they provide a plausible mechanism for toxicity
and carcinogenicity. Most of the molecular details for
induction of gene expression via the AhR have been
characterized for the transcriptional activation of the
CYPIA1 gene. The expression of many genes has been
shown to be affected by TCDD (Puga et al., 2000; Frueh
et al., 2001; Martinez et al., 2002), yet there is evidence
for direct transcriptional activation through the AhR for
only a very few of these (Sutter and Greenlee, 1992).

Toxicity of Dioxin-like Compounds

High doses and/or continuous exposure to dioxins lead
to a broad spectrum of toxic responses including death,
immunosuppression, carcinogenicity, and impaired
reproduction and development (Whitlock, 1990;
ATSDR, 1998; Grassman et al., 1998; USEPA, 2000c).
The type of toxicity is dependent on the magnitude of
dose, duration and pattern of exposure, timing of expo-
sure, species, and gender. A generalized mode of action
for toxicity induced by dioxins is one that involves ini-
tial binding of the compounds to the AhR. Subsequent
alterations in expression of specific genes and alterations
in biological signal transduction pathways lead to an
alteration in growth regulation and differentiation that
leads to pathology and toxicity.

The broad spectrum of DLC effects on hormone and
growth factor systems, cytokines, and signal transduc-
tion pathways indicate powerful growth dysregulators.
The effect of DLCs on growth regulation may be mani-
fested through alterations in genes involved in cellular
growth and homeostasis. Although the relationship
between these effects and carcinogenesis can only be
inferred, all of these effects are involved in cellular
growth and differentiation; disruption of normal cellular
processes could be a risk factor for carcinogenicity.
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The initial involvement of the AhR in initiating this cas-
cade of events is supported by studies showing the lower
potency of structurally related compounds with lower
affinity for the AhR, reduction of effects in rodents with
lower AhR affinities (Pohjanvirta et al, 1993;
Birnbaum, 1994a), and the lack of effects using trans-
genic mice that lack AhR functionality (Gonzalez ef al.,
1996; Gonzalez and Fernandez-Salguero, 1998;
Gonzalez, 2001; Vorderstrasse ef al., 2001). These data
indicate that the AhR is necessary, but may not be suffi-
cient, for mediating the toxic action of DLCs.

Polyhalogenated Aromatic Hydrocarbon
Mixtures and Toxic Equivalency Factors
PHAHs always exist in the environment as complex
mixtures; therefore, normal background human exposure
to PHAHs always occurs as a complex mixture. The
toxic equivalency factor (TEF) approach has been devel-
oped to assess the risk posed by complex mixtures of
PCDDs, PCDFs, and PCBs (Ahlborg et al, 1992;
Van den Berg et al., 1998; USEPA, 2000c). The TEF
methodology is a relative potency scheme to estimate the
total exposure and dioxin-like effects of a mixture of
chemicals based on a common mechanism of action
involving an initial binding of the compound to the AhR.
The TEF methodology is currently the most feasible
interim approach for assessing and managing the risk
posed by these mixtures and has been formally adopted
by a number of countries including Canada, Germany,
Italy, the Netherlands, Sweden, the United Kingdom,
and the United States. The method is also used by the
International Programme on Chemical Safety and the
World Health Organization. Criteria for inclusion of a
compound in the TEF methodology are structural rela-
tionship to PCDD/PCDFs, binding to the AhR, elicita-
tion of AhR-mediated biochemical and toxic responses,
and persistence and accumulation in the food chain.

The current World Health Organization (WHO) TEFs
are based on a subjective evaluation of individual studies
that examined the relative potency of a given chemical to
the reference compound, TCDD, which is assigned a
potency of 1. TEF values are an order of magnitude esti-
mate of the overall “toxic potency” of a given compound
and therefore do not specifically refer to the potency
from any single study with a particular endpoint. By
comparison, a relative potency factor is determined for a
specific chemical in a single study relative to a specific
endpoint. Therefore, a single TEF is based on an
evaluation of multiple relative potency factors. The TEF
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determination is a subjective assessment because the
relative potency factors are derived from the literature
and there is considerable variability in the types of stud-
ies, endpoints analyzed, and quality of procedures.
Types of procedures for calculation of relative potency
factors vary from a comparative dose response assess-
ment (e.g., ratio of ED,, or ECy;) to a simple admin-
istered dose ratio calculation. In evaluating different
studies and endpoints, more weight is given to in vivo
studies than to in vitro studies, chronic studies are
weighted more than acute studies, and toxic responses
are weighted more than simple biochemical responses.

An implicit assumption of the TEF methodology is that
the combined effects of the different congeners are dose
additive, which is supported by in vivo studies with mix-
tures of PCDDs and PCDFs, mixtures of PCDFs, and
mixtures of PCBs and TCDD, and by in vitro studies
with mixtures of PCBs and PCDFs (Birnbaum et al.,
1987; Schrenk et al., 1991, 1994; Birnbaum and DeVito,
1995; USEPA, 2000c). Therefore, the total toxic equiv-
alents (TEQs) for the AhR-mediated toxic potency of a
mixture of PCDDs, PCDFs, and PCBs may be estimated
by the summation of the mass of each congener in the
mixture after adjustment for its potency. Currently only
PCDDs, PCDFs, and certain PCBs are included in this
TEF scheme.

TEQ = 2, (PCDD, x TEF,), + X, (PCDF, x
TEF,), + 2, (PCB, x TEF,),

where i = the individual congener and its respective TEF,
and n = all congeners within each class of DLCs

Uncertainties in the Use

of Toxic Equivalency Factors

While TEFs were developed initially as an interim
approach to facilitate exposure assessment and hazard
identification, there has been an increasing use of this
scheme to determine TEQs in human tissues for
dose-response assessment of effects in human popula-
tions (Flesch-Janys et al., 1998). While the database for
development of TEFs for DLCs is extensive, these data
are for dioxin-regulated noncancer endpoints that often
reflect simply the activation of the AhR. No mammalian
studies have formally evaluated relative potency factors
for a neoplastic endpoint. The mechanism by which
activation of the AhR and subsequent changes in
dioxin-responsive events leads to cancer is not known,
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and the validity of current TEFs for predicting cancer
risk has not been evaluated.

One of the implicit assumptions in the use of TEFs is
that the TEQ for different compounds is dose additive.
While dose additivity is supported for certain mixtures,
for some biological endpoints in some models, this may
not be true. As outlined by Van den Berg et al. (1998),
the TEF methodology is likely valid for biological
responses that are clearly AhR dependent, but may not
be true for more complex biological responses such as
neoplasia.

The Dioxin Toxic Equivalency Factor
Evaluation Studies

To test the validity of the TEF approach for the predic-
tion of cancer risk, the National Toxicology Program
(NTP) has conducted multiple 2-year bioassays in
female Sprague-Dawley rats to evaluate the chronic tox-
icity and carcinogenicity of DLCs, structurally related
PCBs, and mixtures of these compounds. Specific
hypotheses to be tested by these studies are:

1. TEFs for PCDDs, PCDFs, and PCBs can predict the
relative carcinogenic potency of single congeners in
female Sprague-Dawley rats.

2. TEFs for PCDDs, PCDFs, and planar PCBs can pre-
dict the relative carcinogenic potency of an environ-
mentally relevant mixture of these chemicals in the
female Sprague-Dawley rat.

3. The carcinogenicity of a dioxin-like, non-ortho sub-
stituted PCB is not altered by the presence of a
mono-ortho- or di-ortho-substituted PCB.

4. Relative potencies for DLCs are dose additive.

The relative potencies for activation of biochemical
endpoints, such as CYP1A1 induction, in the 2-year
studies are equivalent to the relative potency for
induction of carcinogenesis when estimated based
on administered dose.

6. The relative potencies for activation of biochemical
endpoints, such as CYP1A1 induction, in the 2-year
studies are equivalent to the relative potency for
induction of carcinogenesis when estimated based
on target tissue dose.

7. The relative potencies for alteration of a given
response are the same, regardless of the dose metric
used (e.g., administered dose, serum or whole blood
concentrations, or tissue dose).
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Individual Compounds, Mixtures,
and Rationale for Choice

Cl 0 Cl

2,3,7,8-Tetrachlorodibenzo-p-dioxin
TCDD

CAS No. 1746-01-6

Chemical Formula: C,H,C1,0,

12774

Molecular weight: 321.98

TCDD is the most potent DLC and the reference com-
pound to which all DLCs are compared in the TEF
methodology. As such it has a TEF value of 1. TCDD
is classified as a known human carcinogen by the NTP
and the International Agency for Research on Cancer.

Cl

Cl Cl

3,3",4,4' 5-Pentachlorobiphenyl
PCB 126

CAS No. 57465-28-8

Chemical Formula: C ,H,Cl,

12775

Molecular weight: 326.42

PCB 126 is a non-ortho-substituted PCB with high
bioaccumulation in the food chain and a TEF value of
0.1. PCB 126 is considered the most potent dioxin-like
PCB congener present in the environment and accounts
for 40% to 90% of the total toxic potency of PCBs
having a “dioxin-like” activity.
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Cl
Cl 0) Cl

Cl Cl

2.,3,4,7,8-Pentachlorodibenzofuran
PeCDF

CAS No. 57117-31-4

Chemical Formula: C,H,CL.O
Molecular weight: 340.4

PeCDF is a dioxin-like PHAH with high bioaccumu-
lation in the food chain and a TEF value of 0.5. This
compound represents the most potent PCDF present in
human tissues.

Cl

Cl Cl

2,3".4,4' 5-Pentachlorobiphenyl
PCB 118

CAS No. 31508-00-6

Chemical Formula: C,H,Cl,
Molecular weight: 326.43

PCB 118 is a mono-ortho-substituted PCB that has par-
tial dioxin-like activity. A tentative TEF value of 0.0001
has been assigned although there is controversy over
whether mono-ortho-substituted PCBs should be
included in the TEF methodology.
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C1Cl

Cl Cl

2,2',4,4',5,5'-Hexachlorobiphenyl
PCB 153

CAS No. 35065-27-1

Chemical Formula: C ,H,Cl,

Molecular weight: 360.88

PCB 153 is a di-ortho-substituted nonplanar PCB and is
present at the highest concentrations in human samples
on a molar basis. Nonplanar PCBs do not have dioxin-
like activity and are not included in the TEF method-
ology; therefore, PCB 153 has no TEF value. Some
studies have shown that nondioxin PCBs such as
PCB 153 can antagonize the effects of DLCs.

Mixture Studies
Several mixture studies were conducted to assess the
dose additivity of DLCs and interactions of PCBs.

Mixture of TCDD, PCB 126, and PeCDF

This mixture was designed to test for dose additivity of
the highest potency DLCs in each of the three classes of
PHAHS covered by the TEF methodology. The mixture
was composed of equal TEQ ratios (1:1:1) of TCDD,
PCB 126, and PeCDF. Total TEQ dosages ranged from
10 to 100 ng TEQ/kg per day. These compounds were
chosen because they are the most potent members of the
PCDDs, PCDFs, and coplanar PCBs. Based on average
human tissue levels of these compounds, they represent
approximately 48% of the human tissue burden of dioxin
TEQs.

Binary mixture study of PCB 126 and PCB 153
Several studies have indicated an antagonism of the
effects of DLCs by di-ortho-substituted PCBs such as
PCB 153. This binary mixture study consisted of two
parts:
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1. PCB 126 and PCB 153 at the environmentally rele-
vant ratio of 1:1,000. The dosage levels of PCB 126
were chosen to span the range used in the individual
dose-response study of PCB 126.

2. Varying ratios of PCB 153 at the mid-dose of
PCB 126 (300 ng/kg per day).

Binary mixture study of PCB 118 and PCB 126

This binary mixture was not designed a priori as part of
the dioxin TEF evaluation. While the individual
PCB 118 study was at the in-life phase, it was found that
the PCB 118 compound being used contained not only
PCB 118 but also 0.622% PCB 126 (PCB 118:PCB 126
of 161:1). Given the large TEF difference between
PCB 118 (0.0001) and PCB 126 (0.1), this resulted in a
TEQ ratio for PCB 126:PCB 118 of 6:1. As such, the
effects of the compound would be expected to be due
mainly to dioxin-like effects of PCB 126 rather than
effects of PCB 118. In human tissues, the ratio of
PCB 126:PCB 118, on a TEQ basis, ranges from 0.9:1 in
blood, 3.9:1 in breast milk, and 15:1 in adipose tissue
(USEPA, 2000b). The mass ratio of PCB 118:PCB 126
is on average 135:1 in beef fat and 190:1 in milk.
Consequently, the PCB 118:PCB 126 ratio in this com-
pound (161:1) represented an environmentally relevant
mixture of PCBs on both a mass and TEQ basis. Since
PCB 126 was already being studied, and the PCB 118
study was already in life, the PCB 118 study was contin-
ued to test for the effect of a mono-ortho-substituted
PCB on a coplanar PCB at an environmentally relevant
ratio. The PCB 118 was resynthesized and checked for
the absence of high TEQ contributing compounds, and a
new study was started.

STUDY DESIGN, SPECIES,

AND DOSE SELECTION RATIONALE

These studies were conducted in female Harlan Sprague-
Dawley rats based on the prior observations by Kociba
etal. (1978) of the carcinogenicity of TCDD in this
strain. Female rats were chosen based on the high
potency of hepatocarcinogenicity in females in this
strain. Male rats were not studied due to the lack of
induction of liver and lung neoplasms in the previous
studies of Sprague-Dawley rats with TCDD. Animals
were dosed by oral gavage because the majority of
human exposure is oral.
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Dose selection for TCDD of 3 to 100 ng/kg per day was
based on the range used in the Kociba et al. (1978) study
and on the demonstrated induction of liver tumor
incidence over this dose range. Dosage levels for other
compounds were based on the TCDD dosage range after
adjustment for the current TEF values or relative
potency values (Table 1). These studies were designed
to examine dose additivity rather than response
additivity, and dose spacing was weighted in the 10 to
100 ng/kg range to increase dose density in the region
where an increase in liver tumors was expected. Doses
higher than 100 ng/kg were not used in order to limit the
known effects on body weight and liver toxicity seen
with TCDD at this dose level. Prior studies of TCDD
suggest that this dose (100 ng/kg) is at or near the
predicted maximum tolerated dose.

TABLE 1
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Interim necropsies at 14, 31, and 53 weeks were
incorporated into the studies for the examination of
mechanistically based biomarkers of AhR- or PCB-
mediated effects. These endpoints included alterations
in cytochromes P450 1Al1, 1A2, and 2B; thyroid
hormone levels; and hepatocyte replication. Tissue
analyses of the parent compound in the liver, lung,
blood, and adipose were included at each interim
necropsy and at terminal necropsy for dose response
analysis using both administered dose, total body
burden, and target tissue dose as the dose metric.

Additional “special study” animals were included at
each interim necropsy. Tissues from these animals were
provided to specific extramural grantees to facilitate the
conduct of additional mechanistic studies. These ani-
mals were not evaluated as part of the core study.

Compounds and Associated Doses Used in the Dioxin TEF Evaluation Studies

Compound TEF* Core Study Stop-Exposure Study
TCDD 1 3, 10, 22, 46, 100 ng/kg 100 ng/kg
PCB 126 0.1 IOb, 30, 100, 175, 300, 550, 1,000 ng/kg 1,000 ng/kg
PeCDF 0.5 6, 20, 44, 92, 200 ng/kg 200 ng/kg
TEF Mixture 10 ng TEQ/kg (3.3 ng/kg TCDD, 6.6 ng/kg PeCDF, 33.3 ng/kg PCB 126) None
22 ng TEQ/kg (7.3 ng/kg TCDD, 14.5 ng/kg PeCDF, 73.3 ng/kg PCB 126)
46 ng TEQ/kg (15.2 ng/kg TCDD, 30.4 ng/kg PeCDF, 153 ng/kg PCB 126)
100 ng TEQ/kg (33 ng/kg TCDD, 66 ng/kg PeCDF, 333 ng/kg PCB 126)
PCB 153 None 10, 100, 300, 1,000, 3,000 png/kg 3,000 ug/kg
PCB 126/PCB 153d 10/10, 100/100, 300/100, 300/300, 300/3,000, 1,000/1,000 None
PCB 126/PCB 118° 7 ng TEQ/kg (62 ng/kg PCB 126, 10 ng/kg PCB 118) 360 ng TEQ/kg
22 ng TEQ/kg (187 ng/kg PCB 126, 30 ug/kg PCB 118)
72 ng TEQ/kg (622 ng/kg PCB 126, 100 ng/kg PCB 118)
216 ng TEQ/kg (1,866 ng/kg PCB 126, 300 pg/kg PCB 118)
360 ng TEQ/kg (3,110 ng/kg PCB 126, 500 pg/kg PCB 118)
PCB 118 0.0001 IOb, 30b, 100, 220, 460, 1,000, 4,600 ng/kg 4,600 pg/kg
; Van den Berg et al. (1998)
. 14-, 31-, and 53-week scheduled sacrifices only
d 10, 22, 46, 100 ng TEQ/kg (TCDD:PeCDF:PCB 126, 1:2:10)
. PCB 126 dose units are ng/kg, PCB 153 units are pg/kg.

PCB 126 dose units are ng/kg, PCB 118 units are pg/kg. Doses are based on PCB 126 levels that are 0.622% of the administered

PCB 118 bulk.
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INTRODUCTION

Cl

Cl

Cl

3,3',4,4',5-Pentachlorobiphenyl (PCB 126)

CAS No. 57465-28-8

Chemical Formula: C ,H,Cl

12775

Molecular Weight: 326.42

Synonym: 1,1'-Biphenyl, 3,3',4,4’,5-pentachloro-(9CI)

Cl

Cl

Cl

2,3',4,4',5-Pentachlorobiphenyl (PCB 118)

CAS No. 31508-00-6

Chemical Formula: C ,H,Cl

12775

Molecular Weight: 326.43

Synonyms: 1,1'-Biphenyl, 2,3",4,4',5-pentachloro-(9CI); 1,1'-biphenyl, 2,3',4,4',5-pentachloro-; 2,3",4,4',5-pentachloro-1,1’-biphenyl;
2,4,5,3',4'-pentachlorobiphenyl; 3,4,2",4",5'-pentachlorobiphenyl; biphenyl, 2,3",4,4',5-pentachloro-; CB 118; PCB 118

CHEMICAL AND PHYSICAL PROPERTIES

PCB 126 is a coplanar PCB that was produced commer-
cially before 1977 as a component of technical grade
polychlorinated biphenyl (PCB) mixtures, which include
Aroclors 1016, 1242, 1248, and 1254 (Mayes et al.,
1998). PCB 118 is a mono-ortho-substituted PCB that

was commerically produced as a component of Aroclors
1242, 1248, 1254, and 1260 (Frame et al., 1996; ATSDR,
2000). Lower chlorinated Aroclors (1016, 1242, and
1248) are colorless mobile oils. Increasing the chlorine
content results in the mixture taking on the consistency
of a viscous liquid (Aroclor 1254) or sticky resin
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(Aroclors 1260 and 1262) (ATSDR, 2000). PCB 126 has
a melting point of 160° to 161° C, a water solubility of
1.03 x 10~ at 25° C, a vapor pressure of 2.96 x 107 at
25°C, and a log octanol:water partition coefficient of
6.89. PCB 118 has a melting point of 108° C, is spar-
ingly soluble, has a vapor pressure of 6.96 x 10° at
25°C, and a log octanol:water partition coefficient of
6.42.

ProDUCTION, USE,

AND HUuMAN EXPOSURE

PCB mixtures, including PCB 126 and PCB 118, were
commercially produced between 1929 and 1977 for the
electric industry as dielectric insulating fluids for
transformers and capacitors. PCBs were also produced
for use in hydraulic fluids, solvents, plastics, and paints.
The manufacture and use of PCBs in the United States
was stopped in 1977 after PCB residues increased in the
environment in the 1960s and 1970s. However, PCBs
continue to be released into the environment through the
use and disposal of products containing PCBs, as by-
products during the manufacture of certain organic
chemicals, and during combustion of some waste
materials (USEPA, 2000a).

Due to their lipophilic nature (high log octanol:water
partition coefficient) and resistance to biodegradation,
specific PCBs have the ability to bioconcentrate and
bioaccumulate. PCBs are widespread in their distribu-
tion and are found in virtually all media, including air,
soil, water, sediment, and biota (USEPA, 2000b).

The majority of ambient human exposure to PCBs
occurs through the ingestion of food containing PCB
residues. PCB residues present in fish, milk and dairy
products, vegetables, and meat and animal fat are esti-
mated to account for a majority of exposure. Levels of
PCB 126 in food range from 0.05 to 0.83 pg/g. Levels
of PCB 118 in various food groups ranges from 14 to
1,900 pg/g. Estimated daily exposures from food to
PCB 126 and PCB 118 are 130 pg/day and 31 ng/day,
respectively (USEPA, 2000b).

Both PCB 126 and PCB 118 are classed as dioxin-like
compounds (DLCs) and are included in the World
Health Organization (WHO) toxic equivalency factor
(TEF) scheme for DLCs (Van den Berg et al., 1998).
The WHO TEF values for PCB 126 and PCB 118 are 0.1
and 0.0001, respectively. Exposure to DLCs is usually
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calculated in terms of total 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) equivalents (TEQs). On a TEQ basis,
total exposure to PCDD/PCDF/PCBs from food is esti-
mated to be 62 pg/day of which 22 pg TEQ/day (for a
70 kg person) is from PCBs, including PCB 126 and
PCB 118. Of this, PCB 126 (13 pg TEQ/day) accounts
for 60% and PCB 118 (3.1 pg TEQ/day) accounts for
14% of the daily intake of TEQ of PCBs. By compari-
son, intake of TCDD from food is estimated to be
5 pg/day (USEPA, 2000b). Bioaccumulation of
PCB 126 and PCB 118 results in persistent levels of
these PCBs in human tissues. Average human tissue
concentrations of PCB 126 and PCB 118 are
119 pg/g lipid and 32,000 pg/g lipid, respectively.
PCB 126 and PCB 118 account for 52% and 14%,
respectively, of the PCB TEQ (23 pg/g lipid) present in
human tissues (USEPA, 2000b).

TOXICOKINETICS

There is an extensive body of literature examining the
toxicokinetics of mixtures and some individual con-
geners of PCBs (ATSDR, 2000) and DLCs such as
PCB 126 (USEPA, 2000c). Since PCB 126 and
PCB 118 are DLCs with similar properties to TCDD, the
toxicokinetics are expected to be similar to TCDD. In
the gastrointestinal tract, PCBs are well absorbed by
passive diffusion. Several studies have examined gastro-
intestinal absorption of TCDD and demonstrate that
gastrointestinal absorption of a single dose of
1 pg TCDD/kg body weight in acetone:corn oil (1:25) in
Sprague-Dawley rats is 84% (range 66% to 93%) (Piper
etal.,1973; Rose et al., 1976). Similar results have been
observed after repeated exposure (0.1 to 1 ng/kg per
day) and higher doses. Absorption of PCBs has also
been estimated to be approximately 90% to 100% from
oral routes. Once absorbed, DLCs are transported pri-
marily through the lymphatic systems by chylomicrons
and are readily distributed throughout the body. The
main sites of distribution of DLCs in rats within the first
few days of exposure are the liver, adipose tissue, and to
a lesser amount, the skin and thyroid gland (Pohjanvirta
et al., 1990). In blood, DLCs are associated mainly with
lipoproteins, serum lipids, and to a smaller fraction of
albumin and cellular components. The pattern of distri-
bution for DLCs in rats is governed by the lipophilicity
of the compound and binding to cytochrome P450 1A2
(Gillner et al., 1987; Diliberto et al., 1997). Cytochrome
P450 1A2 is a known binding protein for DLCs and is
also inducible by exposure to aryl hydrocarbon receptor
(AhR) ligands. Since CYP1A2 is inducible only in the
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liver and nasal passages, DLCs tend to sequester in the
liver at levels that would not be predicted based on their
lipophilicity alone. The hepatic sequestration by TCDD
is not seen in CYP1A2 knockout mice, demonstrating
the critical involvement of CYP1A2 in this process
(Diliberto et al., 1999). There is also evidence for exis-
tence of a specific PCB-binding protein in the liver (Buff
and Brundl, 1992).

There are limited data available on the distribution and
excretion of PCBs in humans (ATSDR, 2000). Absorp-
tion of PCBs from the gastrointestinal tract in humans is
approximately 90% to 100%. In humans, PCBs are
found in the highest concentration in adipose tissue and
tend to accumulate to a lesser extent in other lipid-rich
tissues, such as liver, skin, and breast milk (ATSDR,
2000).

PCB 126
and PCB 118 Toxic Equivalency Factors
The WHO TEF for PCB 126 is 0.1 (Van den Berg et al.,

1998). PCB 118 is a mono-ortho-substituted PCB and
has a TEF value of 0.0001.

Toxiciry

PCB 126 has a planar structure and is the most potent
PCB in terms of its ability to bind and activate the AhR.
In vitro receptor binding assays show that PCB 126 has
an affinity for the AhR of 1.2 x 107 M, approximately
tenfold lower than that of TCDD (1 x 10™° M), the most
potent AhR ligand. Given this high AhR binding capa-
bility, most of the biological responses to PCB 126 are
very similar to those of TCDD including altered
transcription of TCDD-responsive genes such as CYPI
family cytochromes P450 and induction of UDP-
glucuronosyl transferases (ATSDR, 2000). The toxicity
profile for PCB 126 is similar to that of TCDD and
includes induction of a wasting syndrome, mortality,
suppression of body weight gain in subchronic studies,
increased liver weight, thymic atrophy, induction of
preneoplastic lesions in tumor promotion studies,
alteration in porphyrin metabolism, altered retinoid
metabolism, and induction of cleft palate (Safe, 1994;
Van Birgelen et al, 1994, 1995a; ATSDR, 2000;
USEPA, 2000c).

PCB 118 is a mono-ortho-substituted nonplanar PCB.
PCB congeners with a single chlorine in the ortho
position have weaker binding affinity for the AhR than
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non-ortho-substituted PCBs. The affinity of PCB 118
for the AhR has been calculated to be 2.7 x 10° M, and
it is therefore likely to exhibit dioxin-like activity albeit
at higher doses than TCDD or PCB 126. In addition,
PCB 118 also exhibits a toxicity profile that has char-
acteristics of di-ortho-substituted non-dioxin-like PCB
congeners. PCB 118 is a phenobarbital-like inducer of
hepatic cytochrome P450 (Denomme et al., 1983).
Exposure to PCB 118 also induces hepatic lipid
peroxidation and increases glutathione S-transferase
activity. Subchronic dietary exposure to PCB 118 in
Sprague-Dawley rats reduces hepatic and pulmonary
vitamin A, induces histological changes in the thyroid
and liver, increases hepatic CYP1A1 expression, and
decreases dopamine and its metabolites in the brain (Chu
et al., 1995).

Mono-ortho-substituted PCBs have been shown to
induce neurobehavioral toxicity, neurotoxicity, and
endocrine alterations (Fischer et al., 1988; Giesy and
Kannan, 1998). Decreased dopamine concentrations in
the caudate, putamen, substantia nigra, and hypothala-
mus regions of the brain are associated with measurable
concentrations of the ortho-substituted nonplanar con-
geners PCB 28, PCB 47, and PCB 52 in these brain
regions of monkeys exposed to Aroclor 1016 (Seegal
etal., 1990). Aroclor 1254 and ortho-substituted PCB
congeners 4, 52, 88, 95, 103, 104, and 153 disrupt Ca**
transport in central neurons by direct interaction with
ryanodine receptors in specific regions of the central
nervous system and may contribute mechanistically to
the neurotoxicity of these compounds (Wong et al.,
1997). PCB 153 decreases neuronal cell viability and
induces apoptosis in vitro (Sanchez-Alonso et al., 2003).
Aroclors 1242 and 1254, which contain relatively low
concentrations of dioxin-like PCB congeners, also
induce cultured cerebellar granule cell death and reactive
oxygen species formation (Mariussen ef al., 2002).

CARCINOGENICITY

Experimental Animals

There is an extensive body of literature examining the
carcinogenicity of mixtures of PCBs in rodents
(Silberhorn et al., 1990). In general, these studies
indicate that PCB mixtures have the potential to be
carcinogenic, but mainly within the liver (hepatocellular
neoplasms). Mixtures of PCBs contain both dioxin-like
coplanar PCBs as well as non-dioxin-like PCBs, which
may elicit responses via different mechanisms. While
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these mixtures of PCBs have been shown to be
carcinogenic in rats and mice (Nagasaki ef al., 1972; Ito
et al., 1973; Kimbrough ef al., 1975; Mayes et al., 1998),
there have been no individual studies on the carcino-
genicity of PCB 118 alone. Until the recent study of
PCB 126 as part of the NTP dioxin TEF evaluation
(NTP, 2006a), there had been no individual studies on
the carcinogenicity of PCB 126. No epidemiology
studies of either PCB 126 or PCB 118 alone were found
in a review of the literature. With the recent exception
of PCB 126 and the study of PCB 153 being conducted
as part of the dioxin TEF evaluation (NTP, 2006b), there
have been no other published studies examining the
carcinogenicity of any individual PCB congener.

In the NTP carcinogenicity study of PCB 126 in female
Harlan Sprague-Dawley rats that was conducted as part
of the dioxin TEF evaluation, there was clear evidence of
carcinogenicity of PCB 126 at doses up to 1,000 ng/kg
based on increased incidences of cholangiocarcinoma of
the liver, hepatocellular adenoma, squamous neoplasms
of the lung (cystic keratinizing epithelioma and squa-
mous cell carcinoma), and gingival squamous cell car-
cinoma of the oral mucosa (Walker et al., 2005; NTP,
2006a). In addition, there were increased incidences of
nonneoplastic lesions in the liver, lung, adrenal cortex,
pancreas, kidney, heart, thyroid gland, thymus, spleen,
clitoral gland, and mesenteric artery that were due to
treatment with PCB 126 (NTP, 2006a). A comparative
carcinogenicity study of Aroclors 1016, 1242, 1254, and
1260 in male and female Sprague-Dawley rats demon-
strated increased incidences of neoplasms, including
hepatocellular adenoma, hepatocellular carcinoma,
hepatocholangioma, hepatocholangiocarcinoma, and
follicular cell adenoma of the thyroid gland (Mayes
etal, 1998). The incidences of hepatocellular neo-
plasms were significantly increased in female rats by
PCB exposure with the rank order of Aroclor 1254
>Aroclor 1260 >Aroclor 1242 >Aroclor 1016. In males,
thyroid gland tumors were induced by exposure to
Aroclors 1242, 1254, and 1260, and liver tumors by
Aroclor 1260. Within this context, Aroclor 1254 has the
highest dioxin-like activity, measured on a TEQ basis,
compared to the other PCB mixtures due to the presence
of specific coplanar PCBs, PCDDs, and PCDFs in the
mixture. The incidence of liver tumors was more exten-
sive in female rats than in male rats. Female tumor inci-
dence was dependent on hepatic TEQ levels of dioxin-
like congeners of PCB (Silkworth ef al., 1997). The
carcinogenicity of these PCB mixtures in females may
entirely, or in part, be attributed to the dioxin-like
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components. Based on the similarity in mechanism of
dioxin-like PCBs compared to TCDD, it is expected that
the carcinogenicity of dioxin-like PCBs in Aroclor mix-
tures may be similar to the carcinogenicity of TCDD.
The carcinogenicity of TCDD has been clearly estab-
lished in rodents by the dermal, dosed feed, and gavage
routes of administration (Kociba et al., 1978; Toth et al.,
1979; NTP, 1982a,b; Della Porta et al., 1987; Rao et al.,
1988; TARC, 1997; USEPA, 2000c). In a previous NTP
study, TCDD administered by gavage significantly
increased the incidences of thyroid gland follicular cell
adenoma in male and female Osborne-Mendel rats and
female B6C3F, mice, neoplastic liver nodules in female
mice, and hepatocellular carcinoma in male and female
mice (NTP, 1982a). TCDD administered by dermal
application caused an increased incidence of fibro-
sarcoma of the integumentary system in female Swiss-
Webster mice (but equivocal evidence in male mice)
(NTP, 1982b). In the NTP study of TCDD carried out as
part of the dioxin TEF evaluation in female Harlan
Sprague-Dawley rats there was clear evidence of carci-
nogenicity based on increased incidences of cholangio-
carcinoma of the liver, hepatocellular adenoma, cystic
keratinizing epithelioma of the lung, and gingival
squamous cell carcinoma of the oral mucosa (Walker
etal., 2005; NTP, 2006¢). Increased incidences of
squamous cell carcinoma of the uterus were also con-
sidered to be related to TCDD exposure, and marginal
increased incidences of pancreatic neoplasms and
hepatocholangioma and cholangioma of the liver may
have been related to TCDD exposure. In addition, there
were increased incidences of nonneoplastic lesions in the
liver, lung, adrenal cortex, pancreas, kidney, heart, thy-
roid gland, thymus, spleen, clitoral gland, forestomach,
and mesenteric artery that were due to treatment.

Humans

Humans have not been exposed to significant amounts of
PCB 126 or PCB 118 alone. Exposures to PCB 126 and
PCB 118 occur in mixtures combined with other
structurally related compounds such as PCDDs, PCDFs,
and PCBs. Two accidental poisoning incidents in Japan
and Taiwan resulted from exposures to cooking oil that
was highly contaminated with PCDFs and PCBs
(Masuda, 1985). In addition to extensive reproductive
and developmental effects in these populations, early
follow-up studies indicated an increased mortality from
liver disease and cancer, particularly liver cancer (IARC,
1997). Although later follow-up studies did not show an
increased mortality from cancer, mortality from liver
disease was still elevated (Yu et al., 1997). However, it
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is difficult to determine which contaminants are respon-
sible for these effects.

There have been several studies examining the cancer
incidence and mortality in workers exposed to PCBs,
although the small cohort sizes in these studies limit the
ability to draw any meaningful conclusions (Silberhorn
etal., 1990).

TuMOR PROMOTION STUDIES

The majority of studies examining the in vivo and
in vitro genotoxicity of PCBs demonstrate that PCBs are
negative (Silberhorn ef al., 1990). In the liver, clonal
expansion of genetically altered cells leads to the
formation of putative preneoplastic altered hepato-
cellular focal (AHF) lesions identified by alterations in
histomorphology or gene expression. These lesions are
believed to be precursors in the development of liver
tumors (Pitot et al., 1991). There have been numerous
studies demonstrating the ability of PCBs to enhance the
development of preneoplastic liver lesions (Silberhorn
etal., 1990). Studies in Sprague-Dawley rats indicate
that DLCs, including PCB 126 and PCB 118, can
enhance the development of AHF lesions (Wern et al.,
1991). Haag-Gronlund et al. (1997, 1998) demonstrated
that PCB 126 alone and in combination with other PCBs
enhances the development of AHF lesions. In a
comparison study of PCB 126 and TCDD, the relative
ability of PCB 126 to enhance altered hepatic foci
development was about 1/10th that of TCDD (Hemming
et al., 1995). Moreover, the activity of PCB 126 and
TCDD, when tested in combination, was additive. The
induction of preneoplastic foci by PCB 118 has also
been demonstrated. The relative ability of PCB 118,
compared to TCDD, to enhance altered hepatic foci
development was estimated to be 0.00002 to 0.00005,
based on the AHF data and 0.0001 based on the
increased 7-ethoxy-resorufin-O-deethylase (EROD)
activity (Haag-Gronlund et al., 1997).

Numerous studies have examined the promotion of
putative preneoplastic liver lesions by TCDD within the
framework of a two-stage initiation-promotion protocol
(Dragan and Schrenk, 2000). These studies demonstrate
that the effects of TCDD on AHF are dose dependent
(Pitot et al., 1980; Maronpot et al., 1993; Teeguarden
etal., 1999), duration of exposure dependent, and
reversible (Dragan et al., 1992; Walker et al., 1998,
2000). Also, studies show that TCDD induction of
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hepatic neoplasms is higher in female rat liver than in
male rat liver and that this is due to the enhancing effect
of estrogens on the promotion of preneoplastic lesions
(Lucier et al., 1991; Wyde et al., 2001a, 2002). Studies
in Sprague-Dawley rats also show that PeCDF can
enhance the development of AHF lesions (Wearn et al.,
1991). Van der Plas et al. (1999) indicate that a mixture
of PCDDs, PCDFs, and PCBs led to the increased
development of putative prencoplastic AHF lesions.

Tests of the tumor initiating and promoting capacity of
DLCs have been conducted in two-stage (initiation-
TCDD promotion) models of mouse skin tumorigenesis
(IARC, 1997; Dragan and Schrenk, 2000; USEPA,
2000c). Dermal painting studies of PeCDF in HRS/J
mice indicate that it is a skin tumor promoter (Hebert
et al., 1990). Similar studies demonstrate that TCDD is
at least two orders of magnitude more potent than the
prototypical promoter tetradecanoyl phorbol acetate in
those skin tumor promotion models (Poland et al.,
1982).

Tumor promotion by PCB 126 or PCB 118 has not been
evaluated in transgenic models. However, transgenic
models have been used to examine the carcinogenicity of
TCDD in mice (Eastin et al., 1998). These include the
Tg.AC transgenic mouse that harbors an activated
mouse v-Ha-ras oncogene (an intermediate in growth
factor signaling). Dermal application of TCDD results
in a significant increase in the incidence of squamous
cell papillomas in male and female Tg.AC mice, which
supports the conclusion that TCDD is a tumor promoter.
Subsequent studies by NTP showed that the induction of
papillomas and squamous cell carcinomas by dermal
application of TCDD to hemizygous Tg.AC mice was
dose dependent (Van Birgelen et al., 1999; Dunson et al.,
2000; Wyde ef al., 2004). In addition, the induction of
skin papillomas in this model occurs when TCDD is
given by oral administration. Based on the similarity of
action of PCB 126 and TCDD, it is expected that
PCB 126 would act similarly in the Tg.AC model.

In addition to the liver and skin, TCDD and PCDFs are
tumor promoters in the lung (Anderson et al., 1991;
Beebe et al., 1995). Anderson et al. (1986) also demon-
strated that PCB mixtures can act as tumor promoters in
the lung. However, no studies of PCB 126 or PCB 118
have examined effects on tumor promotion in the lung.
In Sprague-Dawley rats, which have a much lower spon-
taneous incidence of lung tumors, TCDD promotes the
development of bronchiolar hyperplasia and alveolar
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bronchiolar metaplasia (Tritscher et al., 2000). It was
demonstrated that the induction of these lesions was
reversible; incidences of these lesions returned to control
levels following withdrawal of TCDD for 16 or
30 weeks.

MECHANISM

AND BIOCHEMICAL EFFECTS

DLCs, including PCB 126, are generally classified as
nongenotoxic and nonmutagenic. The common mech-
anism of action of DLCs involves an initial binding to
the AhR (Poland and Knutson, 1982; Safe, 1990;
Whitlock, 1990; Schmidt and Bradfield, 1996). The
broad spectrum of effects of TCDD and DLCs on
hormone and growth factor systems, cytokines, and
other signal transducer pathways indicates that they are
powerful growth dysregulators (Birnbaum, 1994a).
Since they are not directly genotoxic (Wassom et al.,
1977), it is believed that the pathological responses
associated with exposure are fundamentally due to
binding to and activation of the AhR, subsequent altered
expression of AhR-regulated genes, and altered
signaling of biological pathways that interact with the
AhR signal transduction mechanism.

Alterations in the expression of AhR-regulated genes
occurs via a mechanism that involves a high affinity
interaction of the ligand with an intracellular protein, the
AhR, which functions as a ligand-activated transcription
factor (Okey et al., 1994; Schmidt and Bradfield, 1996).
Ligand binding initiates a signaling pathway in which
the cytosolic AhR dissociates from heat shock proteins
and translocates to the nucleus (Whitlock, 1993). At
some point subsequent to ligand binding, the AhR
associates with another protein, aromatic hydrocarbon
nuclear translocator protein (ARNT), to form the nuclear
DNA-binding and transcriptionally active AhR complex.
Both the AhR and ARNT are members of the basic
helix-loop-helix family of transcription factors
(Hoffman et al., 1991; Burbach et al., 1992; Ema et al.,
1992). The AhR-ARNT heterodimer binds with high
affinity to a specific DNA sequence termed the dioxin
response element (DRE). DREs have been identified in
the enhancer regions of genes encoding several drug-
metabolizing enzymes (Lai et al., 1996). The character-
istic response to TCDD and DLCs is the transcriptional
induction of the cytochrome P450 1A1 gene (CYP1Al),
which is mediated by binding of the AhR complex to
DREs present in the 5’ flanking region of the gene. The
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AhR is expressed in all tissues examined (Dolwick et al.,
1993) with a definite tissue specificity in terms of level
of expression and diversity of response, indicating that
DLCs are likely to have some effect in every tissue.
However, even with the same receptor and the same
ligand, there are both qualitative and quantitative
differences in response and these differences in response
are likely to be involved in the tissue- and species-
specificity of the response. It is still not known how
alterations in gene expression ultimately lead to the
development of pathologies and adverse health effects
associated with dioxin-like compound exposure.
However, it is generally accepted that most, if not all,
responses require an initial step of binding to the AhR.

The most well-studied response to DLCs is induction of
the CYP1A cytochromes P450 (Whitlock, 1999).
CYP1Al is induced in most tissues including liver, lung,
kidney, nasal passages, and small intestine with the
highest induction in rats occurring in the liver. Induction
of CYP1AL is a sensitive response and serves as a useful
marker for exposure to DLCs. DLCs induce CYP1A1
invivo and in vitro in human and animal models.
CYPI1A2 is constitutively expressed in the liver at low
levels and inducible by DLCs in liver and possibly the
nasal turbinates of rats (Goldstein and Linko, 1984).
Induction of EROD activity is a marker of CYP1Al
activity. CYP1A2 is induced by DLCs and expressed
primarily in the liver. Induction of acetanilide-
4-hydroxylase activity is a marker of CYP1A2 activity.
In addition to the well-characterized induction of
CYP1A1l and CYP1A2, DLCs also induce another
cytochrome P450, CYP1B1, in human cells (Sutter
etal., 1994) and rodent tissues (Walker et al., 1995).
CYPIBI is active in the metabolism of numerous
polycyclic aromatic hydrocarbons and arylamines and
can catalyze the 4-hydroxylation of 17p-estradiol
(Hayes et al., 1996; Murray et al., 2001).

DLCs are believed to disrupt thyroid hormone
homeostasis via the induction of the phase Il enzymes
UDP-glucuronosyl transferases. Thyroxine (T,) pro-
duction and secretion are controlled by thyroid stimu-
lating hormone (TSH), which is under negative and
positive regulation from the hypothalamus, pituitary
gland, and thyroid gland by thyrotrophin releasing
hormone, TSH itself, T,, and triiodothyronine. TCDD
induces the synthesis of UDP-glucuronosyl transferase-1
(UGT) mRNA by an AhR-dependent transcriptional
mechanism. Consequently, a reduction in serum T,
levels via an induction of UGT may lead to a decrease in
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the negative feedback inhibition on the pituitary gland.
This would then lead to a rise in secreted TSH resulting
in chronic hyperstimulation of the thyroid gland
follicular cells.

DLCs have been shown to modulate numerous growth
factor, cytokine, hormone, and metabolic pathways in
animals and experimental systems (Birnbaum, 1994b;
Sutter and Greenlee, 1992). Many, if not all of these, are
parts of pathways involved in cellular proliferation and
differentiation. These include the glucocorticoid recep-
tor tyrosine kinases, interleukin-1, plasminogen acti-
vator inhibitor-2, urokinase-type plasminogen activator,
tumor necrosis factor-alpha, gonadotrophin releasing
hormone, testosterone, and prostaglandin endoperoxide
H synthase-2. More recently, the application of toxico-
genomics analyses have increased our understanding of
which genes/proteins are altered by TCDD both in vitro
(Puga et al., 2000; Martinez et al., 2002) and in vivo
(Bruno et al., 2002; Kurachi et al., 2002; Zeytun et al.,
2002). Most of the molecular details for induction of
gene expression via the AhR have been characterized for
the transcriptional activation of the CYP1Al gene
(Whitlock, 1999). While the expression of many genes
have been shown to be affected by DLCs, there is a
detailed characterization of transcriptional activation
through the AhR for only a few of these.

In addition to inducing dioxin-like effects, mono-ortho-
substituted PCBs including PCB 118 induce non-AhR
mediated PCB-specific effects. These include increased
expression of cytochromes P450 of the 2B family, and
associated pentoxyresorufin-O-deethylase activity,
decreased dopamine levels, and disruption of calcium
homeostasis. In addition, hydroxylated PCBs have the
ability to induce estrogenic effects mediated via binding
to the estrogen receptor (ATSDR, 2000).

STUDY DESIGN, SPECIES,

AND DOSE SELECTION RATIONALE

This study is one of a series of studies conducted as part
of the dioxin TEF evaluation. The aim of this set of
studies was to evaluate the carcinogenicity of DLCs and
mixtures of PCBs relative to the most potent dioxin,
TCDD, rather than to completely evaluate the carcino-
genicity of each respective compound/mixture in a stan-
dard NTP two sexes, two species carcinogenicity testing
paradigm. Consequently, many of the design rationales
are based on the prior observations of the carcino-
genicity of TCDD. The Sprague-Dawley female rat was
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used for all the dioxin TEF evaluation studies based
upon the prior observation of the carcinogenic sensitivity
of this strain to TCDD and the extensive literature on the
effects of TCDD and related compounds in this model.

The “PCB mixture” study was not designed a priori as
part of the dioxin TEF evaluation. Initially this study
was a study of PCB 118 alone at doses of 0, 100, 220,
460, 1,000, and 4,600 pg/kg. These doses were chosen
to give equivalent TEQ doses to those used in the TCDD
study conducted as part of the dioxin TEF evaluation (0,
10, 22, 46, 100 ng TCDD/kg; NTP, 2006¢), assuming the
WHO TEF value for PCB 118 of 0.0001, together
with an additional 4,600 pg/kg group to allow for a
potentially lower TEF for PCB 118. Within 2 months,
premature deaths occurred in the high dose
(4,600 ng PCB 118/kg) group suggesting that this was
in excess of the maximum tolerated dose.

By 13 weeks of exposure there was a sufficient lack of
increase in body weight gain that the study was aborted.
Body weights in the 220, 460, and 1,000 pg/kg groups
were 97%, 100%, and 85% of controls, respectively. By
comparison, at 14 weeks in the study of TCCD alone, the
body weights observed in the 22, 46, and
100 ng TCDD/kg groups were 98%, 97%, and 95% of
controls, respectively (NTP, 2006c). Based on