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ABSTRACT

Trichloroethylene (TCE) is a persistent environmental contaminant proposed to contribute to autoimmune disease.
Experimental studies in lupus-prone MRLþ/þmice have suggested that TCE exposure can trigger autoimmune hepatitis. The
vast majority of studies examining the connection between TCE and autoimmunity utilize this model, and the impact of
TCE exposure in other established models of autoimmune liver disease is not known. We tested the hypothesis that TCE
exposure exacerbates experimental hepatic autoimmunity in dominant negative transforming growth factor beta receptor
type II (dnTGFBRII) mice, which develop serological and histological features resembling human primary biliary cholangitis.
Female 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or vehicle (1% ethoxylated castor oil) in
the drinking water for 12 or 22 weeks. Liver histopathology in 20- and 30-week-old wild-type mice was unremarkable
irrespective of treatment. Mild portal inflammation was observed in vehicle-exposed 20-week-old dnTGFBRII mice and was
not exacerbated by TCE exposure. Vehicle-exposed 30-week-old dnTGFBRII mice developed anti-mitochondrial antibodies,
marked hepatic inflammation with necrosis, and hepatic accumulation of both B and T lymphocytes. To our surprise, TCE
exposure dramatically reduced hepatic parenchymal inflammation and injury in 30-week-old dnTGFBRII mice, reflected by
changes in hepatic proinflammatory gene expression, serum chemistry, and histopathology. Interestingly, TCE did not
affect hepatic B cell accumulation or induction of the anti-inflammatory cytokine IL10. These data indicate that TCE
exposure reduces autoimmune liver injury in female dnTGFBRII mice and suggests that the precise effect of environmental
chemicals in autoimmunity depends on the experimental model.
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Trichloroethylene (TCE) is an industrial degreaser and common
environmental contaminant. Strong experimental and epi-
demiological evidence links TCE exposure to a variety of ad-
verse human health effects, including cancer (Chiu et al., 2013;
Yuksel et al., 2014). Indeed, TCE has been classified by the

International Agency for Research on Cancer (IARC) as a Group
1 human carcinogen (IARC, 2014). However, exacerbation of
autoimmune disease after TCE exposure remains a topic of
increasing interest (Cooper et al., 2009; Germolec et al., 2012). In
particular, there has been considerable attention focused on the
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possibility that exposure to TCE induces autoimmune hepatitis,
an organ-specific autoimmune disease. Animal studies suggest
that at relatively high doses, and in one specific mouse model
of systemic autoimmunity (MRLþ/þ), exposure to TCE can induce
an autoimmune hepatitis-like syndrome (Gilbert et al., 2009;
Griffin et al., 2000b,c; Khan et al., 1995). Missing from the litera-
ture are studies examining the effect of TCE exposure in vali-
dated models of autoimmune liver injury. There is also a lack of
definitive epidemiological evidence linking TCE exposure with
hepatic autoimmunity. Thus, the true relevance of TCE as a trig-
ger of hepatic autoimmunity in humans is not yet known, and
additional studies are required.

The liver plays a central role in the metabolism of nutrients
and chemicals. It also has an exceedingly important function in
maintenance of immune tolerance (Beuers and Gershwin, 2015;
Bogdanos et al., 2013; Doherty, 2016; Invernizzi, 2013; Shuai et al.,
2016). To address the potential for TCE to induce hepatic auto-
immunity, we utilized a widely used mouse model of autoim-
mune liver disease that has not yet been considered in studies
linking TCE with autoimmunity (Ando et al., 2012; Huang et al.,
2014; Kawata et al., 2013; Oertelt et al., 2006; Wang et al., 2015;
Yang et al., 2016a,b). In particular, we attempted to determine
whether exposure to TCE in drinking water would alter the de-
velopment of an autoimmune liver disease called primary bil-
iary cholangitis (PBC) in an experimental setting. To do this, we
exposed mice whose lymphocytes express a dominant negative
form of transforming growth factor beta receptor type II
(dnTGFBRII) to TCE. dnTGFBRII mice develop key immunopatho-
logical features of PBC, including lymphocytic liver infiltration
with periportal inflammation, production of anti-mitochondrial
autoantibodies, and a proinflammatory cytokine profile (Oertelt
et al., 2006). These mice have been used extensively to decipher
the cellular mechanisms of PBC (Katsumi et al., 2015; Leung et al.,
2012; Wang et al., 2014a). The exposure paradigm followed the
route and dose of TCE previously shown to exacerbate liver in-
flammation in lupus-prone MRLþ/þmice (Gilbert et al., 2009). We
report here that TCE failed to exacerbate PBC, and surprisingly,
reduced the severity of disease in the dnTGFBRII mice. Our data
suggest that the link between TCE exposure and hepatic auto-
immunity may not be definitive. Dichotomous findings in differ-
ent mouse models emphasize the conclusions of recent panels
convened by the National Institute of Environmental Health
Sciences (NIEHS) (Germolec et al., 2012; Miller et al., 2012; Selmi
et al., 2012), which stress the need for more studies focused on
autoimmune liver disease.

MATERIALS AND METHODS
Mice

Mice possessing a dominant negative form of human trans-
forming growth factor beta receptor Type II (B6.Cg-Tg(Cd4-
TGFBR2)16Flv/J) (Gorelik and Flavell, 2000), from now on referred
to as dnTGFBRII mice, and age-matched wild-types on an iden-
tical genetic background (C57BL/6J), were purchased from The
Jackson Laboratory (Bar Harbor, Maine) and maintained by
breeding transgene positive males with wild-type females.
Wild-type and transgene-positive female mice from the vendor
or derived from the colony were randomly assigned to experi-
mental exposure groups at 8 weeks of age. Mice were housed in
a specific pathogen-free vivarium routinely tested negative for
helicobacter at an ambient temperature of 22 6 2 �C with alter-
nating 12-h light/dark cycles. In line with previous studies
(Oertelt et al., 2006), the mice were fed medicated

(metronidazole, bismuth, amoxicillin), sterile rodent chow (Bio-
Serv, Flemington, New Jersey) ad libitum, and were given access
to reverse osmosis-purified drinking water ad libitum. Mice were
housed in Association for Assessment and Accreditation of
Laboratory Animal Care-approved facilities at Michigan State
University (MSU). All animal procedures were approved by the
MSU Institutional Animal Care and Use Committee.

TCE Exposure and Tissue Collection

Female 8-week-old mice were exposed to 0.5 mg/ml TCE (ACS,
99.5% min, ThermoFisher, Ward Hill Massachusetts) or vehicle
(1% ethoxylated castor oil [Spectrum Chemical Manufacturing
Corp., New Brunswick, New Jersey]) via the drinking water. TCE
and vehicle water were made fresh and changed twice weekly
to minimize TCE degradation (Griffin et al., 2000a). Blood and tis-
sues were collected after 12 or 22 weeks of TCE exposure. Mice
were anesthetized using isoflurane and blood was collected
from the caudal vena cava into sodium citrate (final 0.38%) or
an empty syringe for the collection of plasma and serum, re-
spectively. The liver was excised, weighed, and washed in
phosphate-buffered saline (PBS). The left lateral lobe was fixed
in 10% neutral-buffered formalin for 96 h, and then stored in
70% ethanol before paraffin embedding. Three small pieces (ap-
proximately 20 mg total) were taken from the remaining lobes
to be used for RNA isolation and cDNA synthesis. The remaining
liver was snap frozen in liquid nitrogen.

RNA Isolation, cDNA Synthesis and Quantitative
Real-Time PCR

Total RNA was isolated from snap-frozen liver using TRI
Reagent according to the manufacturer’s protocol (Molecular
Research Center, Cincinnati, Ohio). Total RNA (1 lg) was used to
synthesize cDNA in the presence of RNase inhibitor
(ThermoFisher) using a High Capacity cDNA Reverse
Transcription Kit (Life Technologies, Foster City, California) and
a C1000 Thermal Cycler (Bio-Rad Laboratories, Hercules,
California). SYBR Green quantitative real-time PCR (qPCR) amp-
lification was performed using a CFX Connect thermal cycler
(Bio-Rad) with primers (Supplementary Table 1) purchased from
IDT (Coralville, Iowa). HPRT mRNA was utilized as a house-
keeper gene and relative fold change was determined using the
DDCt method.

Histopathology and Immunohistochemistry

Paraffin sections were prepared and stained by the MSU
Investigative Histopathology Laboratory, as described previ-
ously in Joshi et al. (2015) and Moritoki et al. (2009b). CD45R
(B220, B cells) immunohistochemistry was performed on sec-
tions after antigen retrieval with heated citrate buffer (pH 6.0)
using a primary rat anti-mouse CD45R antibody (BD
Biosciences). Detection was accomplished using a rat-on-mouse
HRP polymer system and AEC chromogen. Scoring of hepatic in-
flammation and injury was performed on hematoxylin and
eosin (H&E)-stained sections by a board-certified veterinary
pathologist (K.J.W.), based on criteria established previously
(Moritoki et al., 2009b). Paraffin-embedded livers were cut at
5 mm and labeled with anti-CD3 (T cells) anti-body as previously
described in Joshi et al. (2015). For quantification of hepatic
CD3þand CD45Rþcell populations, images of stained liver sec-
tions were captured using a Virtual Slide System VS110
(Olympus, Hicksville, New York) with a 20� objective. Random
images (>500 per sample) totaling the entire area of the
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left-lateral liver lobe were sampled from the digitized slides.
The number of CD3 and CD45R expressing cells per image was
determined in an unbiased fashion using a batch macro involv-
ing the color deconvolution and analyze particles tools to iden-
tify positive staining.

Determination of Serum ALT Activity and Plasma Anti-
mitochondrial Autoantibody Levels

Serum alanine aminotransferase (ALT) was measured using a
commercial reagent (Infinity ALT/GPT, Thermo Fisher,
Waltham, Massachusetts). Plasma levels of anti-mitochondrial
antibodies (AMAs) to the inner lipoyl domain of the E2 unit of
pyruvate dehydrogenase (Moteki et al., 1996), the major AMA
epitope of PBC, were quantified as previously described in Leung
et al. (2016) and Wang et al. (2014b). Briefly, 96-well ELISA plates
were coated with recombinant protein of the human PDC-E2
inner lipoyl domain (10 lg/ml) in carbonate coating buffer, pH
9.6 at 4 �C overnight, blocked with 3% nonfat dry milk in PBS and
incubated with 1:250 dilution of the plasma samples for 1 h. The
plates were then washed with PBS containing 0.05% Tween 20
(PBS-T) and incubated for 1 h with a predetermined optimized
dilution of horseradish peroxidase conjugated anti-mouse IgG,
IgM and IgA (Invitrogen, Carlsbad, California). Unbound HRP-
conjugated antibody was removed by washing with PBS-T and
HRP activity determined after 10 minute incubation with 3,30,5,50

tetramethylbenzidine (BD Biosciences) as substrate and the re-
action was terminated using 2N sulfuric acid. The optical dens-
ity was measured using an ELISA plate reader at 450 nm.
Positive and negative controls were included throughout.

Statistics

Comparison of groups was performed using 2-way analysis of
variance and post hoc comparisons were made with Student–
Newman–Keuls test. Analysis of prevalence of plasma autoanti-
bodies was made using a Fisher’s exact test. Differences were
considered significant when P < .05.

RESULTS
Impact of TCE Exposure on Liver Histopathology in
dnTGFBRII Mice

When compared with mice exposed to vehicle, TCE exposure
(0.5 mg/ml, drinking water) had no significant effect on serum
ALT activity in either 20- (12 weeks exposure) or 30-week-old (22
weeks exposure) wild-type mice (Figs. 1A and B) . Likewise, liver
histopathology in wild-type mice was unremarkable regardless
of age or exposure (Figure 1C and data not shown). Serum ALT
activity was not significantly increased in vehicle-exposed 20-
week-old dnTGFBRII mice. Serum ALT was slightly increased in
TCE-exposed 20-week-old dnTGFBRII mice (Figure 1A). Serum
ALT activity increased significantly in vehicle-exposed 30-
week-old dnTGFBRII mice (Figure 1B) and interestingly, was
attenuated by exposure to TCE (Figure 1B). Twenty-week-old
dnTGFBRII mice exposed to vehicle developed mild hepatic in-
flammation localized to the portal tracts, and TCE had minimal
effect on this lesion (Figure 2A). Thirty-week-old dnTGFBRII
mice exposed to vehicle developed marked portal, non-portal
and parenchymal inflammation and single cell hepatocellular
necrosis (Figs. 1C, 2B, D, and F). Hepatic inflammation was
reduced in TCE-exposed 30-week-old dnTGFBRII mice, with the
most obvious reduction observed in parenchymal inflammation
(Figs. 1C and 2F). Consistent with the generalized protection

from liver disease, the liver weight to body weight ratio was sig-
nificantly reduced in 30-week-old TCE-exposed mice compared
with vehicle-exposed mice (data not shown). Thus, TCE expos-
ure did not exacerbate early features of hepatic autoimmunity
in dnTGFBRII mice. In contrast, TCE exposure reduced hepatic
inflammation and injury in 30-week-old dnTGFBRII mice.

Impact of TCE Exposure on the Development of Anti-
PDCE2 Autoantibodies in dnTGFBRII Mice

Anti-PDCE2 antibodies were not detected in plasma of 20-week-
old dnTGFBRII mice regardless of vehicle or TCE exposure (data
not shown). In contrast, 6 of 9 vehicle-exposed 30-week-old
dnTGFBRII mice and 7 of 7 TCE-exposed 30-week-old dnTGFBRII
mice had detectable titers of AMAs (Table 1). This represented a
statistically significant increase in prevalence of serum
antiPDCE2 in dnTGFBRII mice compared with wild-type mice,
but there was no significant effect of TCE on anti-PDCE2 in mice
of either genotype. The results indicate that despite a reduction
in hepatic inflammation and injury, TCE exposure did not have
a significant effect on AMA titer in dnTGFBRII mice.

Effect of TCE Exposure on Hepatic Inflammatory
Cytokine Gene Expression

Although anti-PDCE2 autoantibodies and marked histopatholo-
gical changes were not evident in 20-week-old dnTGFBRII mice,
hepatic expression of mRNAs encoding several cytokines (IFNc,
TNFa, IL10) increased in vehicle-exposed 20-week-old
dnTGFBRII mice compared with wild-type mice (Figure 3A, E,
and G), while there was no significant change in IL6 mRNA ex-
pression (Figure 3C). TCE exposure significantly increased hep-
atic expression of IFNc and TNFa mRNAs in 20-week-old
dnTGFBRII mice (Figs. 3A and E). However, reflecting the reduc-
tion in histological inflammation, TCE exposure significantly
attenuated the robust induction of each of IFNc, TNFa, and IL-6
in 30-week-old dnTGFBRII mice (Figs. 3B, D, and F).
Interestingly, TCE exposure had no effect on hepatic expression
of mRNA encoding the anti-inflammatory cytokine IL10 in ei-
ther 20- or 30-week-old dnTGFBRII mice (Figs. 3G and H). The re-
sults suggest that the reduction in hepatic inflammation in
TCE-exposed dnTGFBRII mice is accompanied by a reduction in
proinflammatory gene induction without an effect on anti-
inflammatory IL10 mRNA expression.

Effect of TCE Exposure on Hepatic T and B Lymphocyte
Accumulation in dnTGFBRII Mice

The role of B and T-lymphocytes in autoimmune hepatitis in
dnTGFBRII mice has been described previously in Moritoki et al.
(2009a,b) and Yang et al. (2008). We determined whether TCE ex-
posure affected infiltration of CD3þand CD45Rþ lymphocytes in
livers of dnTGFBRII mice. Increased numbers of CD45Rþ (B cells)
was observed in livers of 30-week-old vehicle-exposed
dnTGFBRII mice (Figure 4A). TCE exposure had no effect on the
number of CD45Rþcells in livers of either 30-week-old wild-type
mice or dnTGFBRII mice (Figure 4B). TCE exposure did not affect
CD3þcell numbers in livers of 30-week-old wild-type mice
(Figure 4D). When compared with vehicle-exposed wild-type
mice, livers from 30-week-old vehicle-exposed dnTGFBRII mice
showed marked panlobular CD3þ lymphocyte infiltration
(Figure 4C). In agreement with our analysis of liver histopath-
ology, TCE exposure significantly reduced hepatic
CD3þ lymphocytes in 30-week-old dnTGFBRII mice (Figure 4D).
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Interestingly, the impact of TCE appeared greatest on the foci of
CD3þ lymphocytes scattered throughout the parenchyma,
whereas portal CD3þ labeling seemed less affected in TCE-
exposed dnTGFBRII mice.

DISCUSSION

The potential for TCE exposure to precipitate autoimmune dis-
ease is an area of intense interest. This is highlighted by inclu-
sion of this topic in the recent IARC monograph classifying
TCE as a Group 1 carcinogen (IARC, 2014) and by several recent
reviews (Cooper et al., 2009; Germolec et al., 2012; Parks and De

Roos, 2014). However, there is very limited epidemiological evi-
dence supporting a connection between TCE exposure and
autoimmune hepatitis. The majority of evidence comes from
studies in mice, which found that exposure to TCE evokes
some features of autoimmune hepatitis in lupus-prone MRLþ/þ

mice (Cooper et al., 2009; Gilbert, 2010; Gilbert et al., 2009;
Griffin et al., 2000b,c; Khan et al., 1995). The impact of TCE in
MRLþ/þmice is robust and repeatable, and the mechanisms
underlying this response are emerging (Gilbert et al., 2016). To
date, exposure of these autoimmune-prone mice to TCE has
formed the basis for the connection between TCE exposure
and autoimmune hepatitis. However, the nature of hepatic

FIG. 1. Impact of TCE exposure on liver injury and histopathology in dnTGFBRII mice. 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or ve-

hicle (1% ethoxylated castor oil) via drinking water until 20 or 30 weeks of age. Serum ALT activity was determined at (A) 20 or (B) 30 weeks of age. (C) Representative

photomicrographs show H&E-stained liver sections of 30-week old mice. N ¼ 4–8 mice per group for 20 weeks of age and 7–15 mice per group for 30 weeks of age.

*Significantly different from wild-type mice in the same exposure group. #Significantly different from vehicle-exposed mice of the same genotype.
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autoimmunity elicited by TCE in MRLþ/þmice may not
precisely resemble humans with autoimmune hepatitis.
Mutations driving autoimmune hepatitis in humans have
yet to be linked with genomic changes leading to disease in
MRLþ/þmice (Cordell et al., 2015; Gulamhusein et al., 2015;
Marzorati et al., 2016). Indeed, the MRLþ/þmouse is not widely
utilized to model autoimmune hepatitis, nor is it used as an
experimental setting to validate treatments for this organ-
specific autoimmune disease (Yuksel et al., 2014). Overall,
while a very strong case can be made for TCE triggering hepatic
autoimmunity in the MRLþ/þmouse model, significant ques-
tions remain as to the impact of TCE on autoimmune liver dis-
ease in humans.

FIG. 2. Impact of TCE exposure on hepatic inflammation in dnTGFBRII mice. 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or vehicle (1%

ethoxylated castor oil) via drinking water until 20 or 30 weeks of age. (A,B) Portal, (C,D) non-portal, and (E,F) parenchymal inflammation in H&E-stained liver sections

was scored (0–4) in a masked fashion as described in Materials and Methods section.

TABLE 1. Detection of Plasma Anti-PDCE2 Antibodies in TCE-
Exposed TGFBRII Mice

Group Age anti-PDCE2 Ab (% positive)

Wild-type 30 weeks 2 of 11 (18%)
Wild-type þ TCE 30 weeks 4 of 11 (36%)
dnTGFBRII 30 weeks 6 of 9 (66%)
dnTGFBRII þ TCE 30 weeks 7 of 7 (100%)

Eight week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml)

or vehicle (1% ethoxylated castor oil) via drinking water until 30 weeks of age.

Plasma levels of anti-PDCE2 autoantibodies were determined as described in

Materials and Methods section. P < .05 for genotype, but not exposure-related

effects.
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dnTGFBRII mice develop autoimmune liver disease bearing
serological and histological resemblance to PBC in humans
(Oertelt et al., 2006; Wang et al., 2014a), providing compelling

reason to investigate the impact of TCE exposure on disease de-
velopment and progression in this model. Contrasting observa-
tions in TCE-exposed MRLþ/þmice, TCE exposure did not

FIG. 3. Impact of TCE exposure on hepatic gene induction in dnTGFBRII mice. 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or vehicle (1%

ethoxylated castor oil) via drinking water until 20 or 30 weeks of age. Hepatic levels of mRNAs encoding (A,B) IFNc, (C,D) IL6, (E,F) TNFa, and (G,H) IL10 were determined

by qPCR as described in Materials and Methods section. N ¼ 4–8 mice per group for 20 weeks of age and 7–15 mice per group for 30 weeks of age. *Significantly different

from wild-type mice in the same exposure group. #Significantly different from vehicle-exposed mice of the same genotype.
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exacerbate histologic evidence of inflammation or injury in liv-
ers of 20-week-old dnTGFBRII mice. Rather, as disease pro-
gressed, we observed a robust reduction in liver pathology in
TCE-exposed dnTGFBRII mice. This was characterized by
reduced hepatic inflammatory gene induction, attenuation of
parenchymal lymphocytic inflammation, and reduced hepato-
cellular damage noted biochemically and by histopathological
analysis. Despite conferring protection from these aspects of
liver pathology, TCE exposure did not reduce anti-mitochon-
drial autoantibody prevalence. Of importance, several previous
studies have shown that marked liver pathology in dnTGFBRII
mice can occur without a change in AMA levels (Chuang et al.,
2008; Yoshida et al., 2009; Zhang et al., 2009). Collectively, these
results suggest that the effect of TCE on liver pathology was not
related to a global reduction in autoimmunity in the dnTGFBRII
mice.

Our results suggest some selectivity in the mechanism
whereby TCE exposure reduces T cell accumulation and liver in-
jury in dnTGFBRII mice. For example, TCE had no effect on hep-
atic B cell accumulation in 30-week-old dnTGFBRII mice. The
precise role of B cells in liver pathology of dnTGFBRII mice has
been addressed previously by 2 different approaches. Whereas
B cell depletion in young mice reduces PBC-like pathology, po-
tentially by reducing AMA levels, B cell depletion in older mice

had no effect (Moritoki et al., 2009a,b). However, B cell deficient
(Igmu�/�) dnTGFBRII mice developed exacerbated liver path-
ology, suggesting that B cells might suppress inflammation in
this experimental setting (Moritoki et al., 2009b). In addition,
despite a strong reduction in multiple genes encoding proin-
flammatory cytokines, TCE exposure had no effect on induction
of IL10 mRNA. This result is somewhat surprising, insofar as
IL10 expression typically counterbalances the expression of
proinflammatory cytokines like TNFa. These observations sug-
gest that the reduction of liver disease in dnTGFBRII mice is
somewhat selective; however, additional studies are required to
address the precise mechanism whereby TCE limits hepatic
pathology in this model.

There are limitations in our study that require long-term fol-
low-up and further work. For example, there are potential
changes in the metabolism of TCE driven by the presence of
concurrent liver disease in dnTGFBRII mice, which can poten-
tially lead to less toxic metabolites being produced in this set-
ting. Moreover, defining the precise changes in lymphocyte
subsets in liver and other immune tissues alongside global gene
expression profiling of liver and other compartments (eg, blood)
may offer opportunity to phenotypically anchor critical gene ex-
pression changes to relevant shifts in specific lymphocyte sub-
sets. Comparison of transcriptional and immunological changes

FIG. 4. Impact of TCE exposure on hepatic B and T cell accumulation in dnTGFBRII mice. 8-week-old wild-type and dnTGFBRII mice were exposed to TCE (0.5 mg/ml) or

vehicle (1% ethoxylated castor oil) via drinking water until 30 weeks of age. (A and B), Representative photomicrographs (scale bar ¼ 100 microns) and quantification of

CD45RþB cell accumulation. (C and D), Representative photomicrographs (scale bar¼100 microns) and quantification of CD3þT cell accumulation. Quantification of B

and T cell accumulation per high power field was determined as described in Materials and Methods section. N ¼ 7–15 mice per group. *Significantly different from

wild-type mice in the same exposure group. #Significantly different from vehicle-exposed mice of the same genotype.
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driven by TCE in the dnTGFBRII and the MRLþ/þmice has strong
potential to (1) identify the mechanism whereby TCE reduces
liver injury in dnTGFBRII mice and (2) determine critical differences
between these 2 mice underlying the divergent effects of TCE.

The observation that TCE exposure reduces multiple indices
of hepatic autoimmunity in dnTGFBRII mice does not challenge
the observation that TCE exposure precipitates hepatic auto-
immunity in MRLþ/þmice. These are entirely distinct mouse
models, each driven by different triggers (ie, Faslpr mutation vs
blocking TGFb signaling in CD4þand CD8þT cells). However, the
observed dichotomy provides reason to pause, and examine the
collective evidence supporting a role for TCE in human autoim-
mune liver diseases, such as PBC. Because epidemiologic evi-
dence supporting a connection between TCE and autoimmune
hepatitis in humans is limited (Cooper et al., 2009), experimental
studies using animals form the primary evidence supporting a
link between TCE exposure and autoimmune hepatitis. This
connection is largely based on experimental studies in MRLþ/þmice,
which may not approximate the human condition. The observation
that TCE exposure reduces multiple indices of hepatic autoimmun-
ity in dnTGFBRII mice does not challenge the observation that TCE
exposure precipitates hepatic autoimmunity in MRLþ/þmice.
Rather, this highlights a model-specific response and the im-
portance of defining the impact of TCE on autoimmunity across
multiple models. Interestingly, in nonobese diabetic (NOD)
mice, which also develop autoimmunity, TCE exposure did not
accelerate autoimmunity and the mice did not develop autoim-
mune hepatitis (Ravel et al., 2005). In NOD mice, TCE exposure
reduced lymphocyte proliferation and cytokine production, sug-
gesting a protective effect (Ravel et al., 2005). Notably, the pro-
tection conferred by TCE in NOD mice aligns with our
observation that TCE reduces hepatic autoimmune-mediated
pathology in dnTGFBRII mice. Additional studies are required to
explore the basis for differential effects of TCE in these different
models (ie, dnTGFBRII, NOD, MRL), and to define the precise
relevance of these results to humans. Indeed, such comparisons
are complex given involvement of other risk factors such as
genetic variants among populations and races (Dong et al., 2015;
Hirschfield and Siminovitch, 2015; Podda et al., 2013; Xie et al.,
2016).

Establishing features of the mechanism and precise nature
of autoimmunity may determine the observed effect of TCE in
different experimental settings. MRLþ/þmice, while
autoimmune-prone, do not typically develop hepatic auto-
immunity in the age-range explored for TCE challenge. In con-
trast, dnTGFBRII mice develop marked PBC-like liver pathology
by approximately 6 months of age. This difference highlights
the inherent potential for TCE to trigger liver pathology in one
model (ie, MRLþ/þmice) and inhibit pathology in another (ie,
dnTGFBRII mice). Autoimmune pathologies in MRLþ/þmice are
primarily driven by CD4þT cells (Giese and Davidson, 1995; Koh
et al., 1995; Santoro et al., 1988), and TCE exposure selectively ex-
pands CD4þ, but not CD8þT cells, in lymph nodes and spleens
of MRLþ/þmice (Griffin et al., 2000b). In dnTGFBRII mice, much
like patients with PBC, CD8þT cells play a key role in liver dam-
age (Bernuzzi et al., 2010; Yang et al., 2008). Because the role and
effect of TCE on T cell subtypes could be model-dependent, fu-
ture studies should include side-by-side exposure of both
dnTGFBRII and MRLþ/þmice to TCE to examine the precise
changes in lymphocyte subsets not only in liver, but also in
spleen and lymph node. It is conceivable that this analysis will
reveal the basis for the lack of similarity in TCE-driven re-
sponses in these 2 mouse models.

The observation that TCE reduces liver pathology in
dnTGFBRII mice represents an important addition to the field by
demonstrating the impact of TCE on the course of experimental
autoimmune liver disease. Moreover, the present study
addresses the need for evaluation of TCE exposure in additional
mouse models of autoimmunity, called for in recent years by an
NIEHS expert panel workshop (Germolec et al., 2012). The di-
chotomy of results from studies of TCE exposure in 3 different
mouse models of autoimmunity illustrates the complexity of
gene-environment interaction imposed by the selected experi-
mental setting. Additional research using dnTGFBRII mice, or
other established mouse models resembling human autoim-
mune liver disease (Bae et al., 2016; Hsueh et al., 2016; Leung
et al., 2012; Liberal et al., 2016; Pollheimer and Fickert, 2015;
Wakabayashi et al., 2008; Yao et al., 2014), has a high potential to
inform on the specific risks associated with TCE in populations
prone to autoimmunity.
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