Send Orders of Reprints at Reprints@benthamscience.org

The Open Toxicology Journal, 2012, 5, 1-10 1

Mechanistic Evaluation

of Trichloroethene-Mediated Autoimmune

Hepatitis-Like Disease In Female MRL+/+ Mice

Shakuntala Kondraganti®, Rolf Konig®, Paul J. Boor®, Shahnawaz Khan®, Bhupendra S. Kaphalia®,

M. Firoze Khan® and G.A.S. Ansari®

“Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA

Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, TX, USA

Abstract: Environmental and occupational exposure to trichloroethene (TCE) is associated with autoimmune diseases
(ADs). However, the mechanisms of TCE-mediated ADs are not fully elucidated. Previous investigations showed that
chronic low dose exposure of autoimmune-prone female MRL+/+ mice to TCE resulted in development of autoimmune
hepatitis-like disease (AIHLD). To elucidate the mechanisms involved in the development of AIHLD, we treated female
MRL+/+ mice with TCE (0.5 mg/ml) via drinking water for 24, 36 and 48 weeks. Exposure to TCE resulted in increased
lymphocytic infiltration and periportal hepatocellular necrosis in the livers of mice exposed for 48 weeks. Significantly
increased apoptotic cells were observed in the livers after 24 weeks of TCE exposure as analyzed by TUNEL assay.
Staining of Kupffer cells with RM-4 monoclonal antibody showed a decrease in number of Kupffer cells at 36 and 48
weeks of TCE exposure which may cause delayed/reduced clearance of apoptotic bodies. These observations led us to
hypothesize that compromised Kupffer cell function may cause impaired clearance of apoptotic bodies, leading to
secondary necrosis and inflammation. To test this hypothesis, we treated HepG2 cells with various concentrations of TCE
and time periods. TCE treatment of HepG2 cells at 12mM and higher concentrations led to their decreased viability after
24h. When TCE-treated HepG2 cells were co-cultured with untreated RAW cells, the phagocytic function of RAW cells
was reduced accompanied by increased secretion of tumor necrosis factor alpha. These results suggest that increased
apoptosis and decreased phagocytic function of Kupffer cells may probably lead to accumulation of apoptotic bodies and

secondary necrosis and the resulting inflammation could be a plausible mechanism of TCE-induced AIHLD.
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INTRODUCTION

Trichloroethene (TCE), a chlorinated hydrocarbon, is a
widely used industrial chemical and a common
environmental pollutant. Environmental exposure to TCE
can occur through air or via contaminated ground water and
soil, whereas occupational exposure results primarily from
its use as a degreasing solvent. Chronic TCE exposure in
humans has been implicated in inducing a number of
autoimmune diseases (ADs) like systemic lupus
erythematosus [1], systemic sclerosis [2, 3], dermatitis [4, 5],
scleroderma [6-8] and fasciitis [9]. Studies in rodents have
also showed that TCE exposure induces/exacerbates an
autoimmune response [10, 11] and its long-term exposure
causes autoimmune hepatitis-like disease (AIHLD) [11, 12].

Autoimmune hepatitis is an inflammation of the liver
characterized by elevated serum IgG levels, antinuclear
antibodies (ANA) and T-lymphocytic infiltration.
Autoimmune hepatitis is classified into Type 1 and Type 2
associated with ANA and anti-smooth muscle antibodies,
whereas Type 2 is associated with anti- microsomal
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with the former being the most common. Type 1 is
antibodies [13]. Although the exact etiology of autoimmune
hepatitis is unknown, viruses, drugs and chemicals are
known to contribute to the disease [14, 15]. Case reports also
show that occupational exposure to TCE results in
generalized skin disorders and accompanying hepatitis with
or without jaundice [16-20]. In a case reported, TCE
exposure resulted in hepatitis, rash and eosinophilia and the
immune mechanisms involved were thought to be similar to
halothane-induced hepatitis [21].

We and others have shown that TCE and its metabolites
induced various autoantibodies and autoimmune hepatitis-like
disease in female MRL+/+ mice [10-12, 22]. Disturbance in T
lymphocytes leading to increased antigen-induced antibody
production by B cells was seen in patients with autoimmune
hepatitis [23]. Similarly, protein adducts formed by the
metabolism of drugs like halothane or minocycline may act
as neo-antigens, generating auto-antibodies and cell-
mediated immune responses resulting in liver injury [24]. A
protein adduct of TCE metabolite was tentatively identified
in the livers of TCE-treated rats [25]. Albumin haptenized
with metabolites of TCE induced both humoral and T cell
responses [26]. Interestingly, one such adduct, formyl-
albumin induced ATHLD similar to TCE [26]. Also, CD4 T
cell activation with mononuclear infiltration in portal regions
consistent with autoimmune hepatitis was observed in
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autoimmune-prone MRL+/+ female mice treated with TCE
via drinking water [12].

Macrophages are mononuclear phagocytes which play a
pivotal role in regulation of inflammation and innate immune
responses by exerting both pro and anti-inflammatory
responses as well as anti-proliferative and cytotoxic
activities [27]. Macrophages also act as antigen-presenting
cells and are involved in initiating specific T-cell immune
responses [28]. Resident liver macrophages (Kupffer cells)
have high phagocytotic activity and eliminate microbes and
apoptotic cells through phagocytosis. However, persistence
of apoptotic cells eventually leads to further cell death
through necrosis and induction of proinflammatory
responses with concommitant release of TNF-o, IL6 and
IFN-y [28, 29]. In SLE patients, macrophages with atypical
morphology and defective adhesion capabilities have been
reported, a phenotype which may be responsible for the
impaired phagocytosis of apoptotic bodies, thus leading to
chronic inflammation and autoimmunity [30].

Here, we report a plausible mechanism by which TCE
induces ATHLD. We focused our studies on apoptosis and
lymphocytic infiltration in the livers of female MRL+/+ mice
chronically exposed to TCE through the drinking water. We
observed delayed/reduced clearance of apoptotic bodies and
compromised Kupffer cell function in the livers of TCE-
treated mice compared to controls. These in vivo
observations were complemented by in vitro studies by co-
culturing TCE-treated HepG2 (human hepatocellular
carcinoma cell line) cells and untreated RAW (mouse
leukemic monocyte macrophage cell line) cells. We
observed that the phagocytic activity of RAW cells against
apoptotic HepG2 cells was compromised and the secretion of
TNF-o was increased. Our results suggest that increased
apoptosis in the liver and decreased phagocytosis by Kupffer
cells may be contributing to TCE-mediated ATHLD.

MATERIALS AND METHODS
Animal Studies

Five-week old female MRL+/+ mice, purchased from
The Jackson Laboratories (Bar Harber, ME), were housed in
plastic cages on a bedding of wood chips at the University of
Texas Medical Branch (UTMB) animal house facility
maintained at ~22 °C, 50-60% relative humidity, and a 12 h
light/dark cycle. The animals were provided standard lab
chow and drinking water ad libitum and were acclimated for
one week before the treatment. TCE (purity 99+%, Sigma,
St. Louis, MO) was dissolved in drinking water containing
1% Alkamuls EL-620 emulsifier (Rhodia Chemicals,
Cranbury, NJ). The mice were divided into 6 groups of 5
each and received TCE (0.5mg/ml) or drinking water
containing 1% Alkamuls EL-620 emulsifier only (controls)
for 24, 36 and 48 weeks. The dose used corresponds to the
Occupational Safety and Health Administration's (OSHA)
permissible exposure limit of 100 ppm (www.osha.gov/dts/-
chemicalsapling/data/CH_273000.html) (~0.4 mg/ml) for an
eight-hour exposure. The water was changed twice weekly.
The average water intake was ~0.13 ml/g/d for controls and
~0.12 ml/g/d for TCE-treated mice, representing an average
daily TCE intake of about ~60 ug/g/d in the treatment
groups. After 24, 36 and 48 weeks the mice were euthanized
under Nembutal anesthesia (sodium pentobarbital, i.p., 80
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mg/kg) and the livers removed immediately and portions
fixed in neutral buffered formalin, while the remaining
portions were stored at -80°C for further analysis.

Histopathology
H&E Staining

The 10% neutral-buffered formalin fixed and paraffin
embedded liver sections were stained with Hematoxylin and
Eosin (H&E) for morphological evaluation. The histological
scoring was done based on lymphocytic infiltration as
follows: Grade 0 =no change; Grade 1 = focal periportal
lymphocytic infiltration; Grade 2 = infiltration surrounding
portal with occasional infiltration around central veins;
Grade 3 =diffuse periportal infiltration with consistent
infiltration around central vein with areas of hepatocellular
necrosis or apoptosis.

CD3 Staining

To detect T-cells, formalin fixed and paraffin embedded
liver sections were deparaffinized, followed by heat induced
antigen retrieval at pH 9.0 using target antigen retrieval
solution and overnight incubation at 4°C with polyclonal
rabbit anti-mouse CD3 antibody (Dako, Carpinteria, CA).
Sections were then incubated with secondary antibody
followed by peroxidase staining for CD3 expression and
images captured with an Olympus 1X71 microscope
(Olympus, Hamburg, Germany). Histological grading of CD3
T-cell infiltration was done based on lymphocytic infiltration.

TUNEL Staining

Formalin-fixed and paraffin-embedded liver sections were
stained with DeadEnd™ Fluorometric TUNEL System
(Promega, Madison, WI). After deparaffinization liver
sections were fixed in 4% formaldehyde in phosphate buffer
saline for 15 minutes and permeabilized with 100ul of
20ug/ml of Proteinase K solution for 10 minutes. Sections
were then equilibrated with 100pl of equilibration buffer for
10 minutes, labeled with TdT reaction mix and incubated at
37°C for 60 minutes. The reaction was stopped with 2X SSC
(saline-sodium citrate solution, pH 7.0) and slides mounted
with Vectashield mounting medium with DAPI for nuclear
staining (Vector Laboratories, Burlingame, CA) and 10 fields
counted for apoptotic cells using an Olympus 1X71fluorescent
microscope with DP7.1 camera at 40X magnification.

Kupffer Cell Staining

Formalin fixed, paraffin embedded sections were stained
for macrophages (Kupffer cells) using the monoclonal
antibody RM-4 (Cosmo Bio Co Ltd, Carlsbad, CA). Tissue
sections were deparaffinized and antigen retrieval done with
sodium citrate buffer at pH 6.0, followed by blocking with
blocking serum for one hour, with overnight primary
antibody incubation at 4°C and immunoperoxidase staining
with ABC staining kit (Santa Cruz Biotechnology, Santa
Cruz, CA) as per the manufacturer’s protocol. Images were
captured with an Olympus 1X71 microscope at 20X.

Cell Culture and Treatment

Human hepatocellular carcinoma (HepG2) cells and
mouse leukemic monocyte macrophage (RAW 264.7) cells
from the ATCC were cultured in Dulbecco’s Modified Eagle
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Medium (DMEM) supplemented with 10% fetal bovine
serum and penicillin/streptomycin (Gibco, Carlsbad, CA) in
a humidified atmosphere containing 5% CO, at 37°C.
HepG2 cells were treated with different concentrations
(ImM — 32mM) of TCE dissolved in 0.8% DMSO for
various time periods (1h — 72h). All experiments were done
independently three times in triplicates.

MTT Assay

Cell viability of TCE-treated HepG2 cells was
determined by MTT Cell Viability Kit (Biotium Inc,
Hayward, CA). Briefly, 1 x 10* HepG2 cells were plated per
well into a 96-well culture plate (Fisher Scientific,
Pittsburgh, PA) and treated with various concentrations of
TCE or DMSO for various lengths of time. Then 10ul of
MTT solution was added to each well and the incubation
continued for 4h at 37°C, followed by removal of media.
DMSO (200ul) was added to each well and mixed by
pipetting to dissolve the formazan and the absorbance
measured on a Benchmark Plus microplate reader (BioRad,
Hercules, CA) at a test wavelength of 570 nm and reference
wavelength of 630 nm.

Cell Death Assays
TUNEL Assay

Apoptotic cell death in TCE-treated HepG2 cells was
determined using the DeadEnd Fluorometric TUNEL System
(Promega). HepG2 cells were plated at 5 x 10° cells per well
into 8-well Lab-tek chamber slides (Fisher Scientific) and
treated with various concentrations of TCE for 24h. The cells
were fixed with 4% formaldehyde, permeabilized with 0.2%
Triton X-100, labeled with TdT reaction mix for 1h at 37°C
and mounted with Vectashield mounting medium with DAPI
(Vector Laboratories). Stained cells were observed using an
Olympus 1X71 fluorescent microscope and images captured
at 20X.

Flow Cytometry

Apoptosis was quantitated by flow cytometry using the
FITC/Annexin V apoptosis detection kit I (BD Biosciences,
San Jose, CA). HepG2 cells treated with TCE (1 x 10’ in
100ul of 1X binding buffer) were incubated with Sul
FITC/Annexin V and 5pl propidium iodide for 15 min at
room temperature. The cells were analyzed by flow
cytometry using a Becton—Dickinson FACS Canto (BD
Biosciences).

RAW Cell Culture

RAW cells (1 x 10* per well) were plated in a 96-well
plate and treated with TCE. Cell viability was determined as
described above. To determine phagocytic activity RAW
cells were plated at 2 x 10° cells per well in a 6-well plate
and treated with TCE (8mM - 20mM dissolved in 0.8%
DMSO). After 24h, latex beads (Sigma-Aldrich, St. Louis,
MO) were added (10%, 3-pm size) in fresh medium and the
incubation continued for 2h. The medium was decanted and
the cells were washed and stained with Diff-Quik stain set
(Dade Behring AG, Dudingen, Switzerland) following the
manufacturer’s protocol. A total of 10 fields of RAW cells
and their content of internalized latex beads (phagocytosized

The Open Toxicology Journal, 2012, Volume 5 3

beads) were counted using an Olympus 1X71 fluorescent
microscope at 40X magnification.

Co-Culture of HepG2 and RAW cells

HepG2 cells were treated with TCE for 24h, washed,
counted and co-cultured with untreated attached RAW cells
at a 2:1 ratio (100,000:50,000) for 24h in a 24-well culture
plate. Cells were washed with PBS and stained with Diff-
Quik Staining Kit (Dade Behring AG). To quantitate
phagocytosis, ten 40X fields of cells were counted for
phagocytosis and results expressed as percentage of positive
cells/high power field.

Enzyme-linked Immunosorbent Assay (ELISA)

TNF-o was measured in the culture supernants of TCE-
treated HepG2 cells co-cultured with untreated RAW cells
using a Biosource ELISA kit (Invitrogen, Carlsbad, CA).

Statistical Analysis

All data are presented as mean = SD. For the
determination of statistical significance, the data were
subjected to the analysis of variance (ANOVA) followed by
Student— Newman—Keuls post hoc test. P values < 0.05 were
considered to be statistically significant.

RESULTS
Effect of TCE Exposure on Liver Morphology

TCE and protein adducts of TCE metabolites such as
formyl-albumin induce histopathological changes consistent
with ATHLD [11, 12, 26]. In our studies in female MRL+/+
mice, livers stained with H&E showed absent/minimal
lymphocytic infiltration after 24wks (Grade 0-1) with
predominantly periportal infiltration with occasional
infiltration around central vein after 36wks (Grade 2) of TCE
treatment. After 48wks of TCE treatment, heavy acute and
chronic lymphocytic infiltration was seen. The inflammatory
infiltrate was associated with patchy hepatocyte necrosis at
the limiting plate of the portal triad (Grade 3) (Fig. 1a).
Lymphocyte infiltration was confirmed by immunohisto-
chemistry using a polyclonal antibody against the T-cell
specific marker CD3 (Fig. 1b).

TCE Induced Apoptosis in the Livers of MRL+/+ Mice

To evaluate TCE-induced apoptosis, untreated and TCE-
treated livers were stained using the DeadEnd Fluorometric
TUNEL system. A significant increase in apoptosis of two-
fold was observed after 24wks of TCE-treatment as
compared to respective controls while, no significant
increases were observed at 36 and 48 weeks (Fig. 2). These
findings suggest that increased apoptosis may precede
lymphocytic infiltration.

TCE Compromised Macrophage Function in the Livers
of MRL+/+ Mice

Macrophages play a crucial role in clearing apoptotic
cells without inducing inflammation. When the phagocytic
activity of macrophages is compromised, clearance of
apoptotic cells is delayed and secondary necrosis results
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Control

TCE-
treated

Fig. (1a). Histopathological (H&E) changes in the livers of female MRL +/+ mice treated with TCE for 24, 36 and 48 weeks. A. 24wk
control; B. 24wk TCE-treated showing absent/minimal lymphocyte infiltration; C. 36wk control; D. 36wk TCE-treated: arrows representing
diffuse periportal and occasional central vein infiltration; E. 48wk control; F. 48wk TCE-treated: arrows representing heavy acute and chronic
lymphocytic infiltration associated with hepatic necrosis at limiting plate of portal triad (20X magnification). n=5.
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Fig. (1b). CD3 staining of liver confirming infiltration of T lymphocytes (increased CD3 positive T cells) at 36wk and 48wk of TCE
exposure. The staining was confined mostly around periportal and central veins. (20X magnification). No changes were observed at 24wk
(data not shown). n=5.
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Fig. (2). TUNEL assay in the livers of MRL+/+ mice treated with TCE for 24, 36 and 48 weeks. A two-fold increase in apoptotic cells was

observed at 24wk, while no statistically significant difference was found at 36wk and 48wk of TCE-exposure as compared to controls. * p <
0.05 compared to controls, n=5.
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36 wk 48 wk

Fig. (3). Immunohistochemistry of Kupffer cells in liver sections immunostained with RM-4 antibody show decreased number of stained
Kupffer cells at 36 and 48wk compared to 24wk TCE treated mice indicating that Kupffer cell function may be compromised. (20X

magnification). n=5.
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Fig. (4). MTT cell viability assay for HepG2 cells shows a significant decrease in cell viability at 12mM and 16mM TCE concentration,

compared to controls. * p <0.05 compared to controls. n=3.

followed by the release of proinflammatory cytokines,
eventually leading to inflammation and autoimmunity [31].
In TCE-treated livers immunostained with the macrophage
and dendritic cell specific antibody RM-4, which recognizes
an endolysosomal membrane protein [32], the number of
Kupffer cell positively stained with the antibody decreased
after 36wks and 48wks compared to 24wks (Fig. 3). Even
though reduced Kupffer cell staining was evident in the
livers of all five TCE-treated mice after 36wks and 48wks,
the extent of staining differed and did not attain the statistical
significance. This could be due to low number of mice per
group and variability in staining. This necessitates further
evaluation of the functionality of Kupffer cells by more
sensitive techniques such as flow cytometry using cell
tracking probes [33]. These results suggest that TCE reduces
the number of Kupffer cells and/or the functions of Kupffer
cells are compromised, which may result in delayed
clearance of apoptotic cells and development of secondary
necrosis and inflammation.

TCE Decreased Cell Viability of HepG2 Cells

HepG2 cells were initially evaluated for TCE toxicity
using concentrations from ImM to 32mM and for durations
ranging from 1h to 72h. A significant decrease in cell
viability was observed at 12mM and higher TCE
concentrations after 24h of incubation period (Fig. 4) and
hence we used 8mM, 12mM and 16mM concentrations for
our studies. The viability of DMSO treated HepG2 cells was
similar to the control cells (data not shown).

TCE induced Apoptosis of HepG2 Cells

Apoptosis was determined in HepG2 cells treated with
TCE by staining with TUNEL assay kit. An increase in
apoptotic cells was observed after incubation for 24h with
12mM and higher concentration of TCE (Fig. 5).
Quantification of TCE- induced apoptosis of HepG2 cells
using flow cytometry also showed significantly increased
apoptosis  after incubation with 12mM or higher
concentrations compared to controls (Fig. 6). The percentage
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Fig. (5). TUNEL staining of HepG2 cells showing increased number of TUNEL positive (apoptotic) after exposure to 12mM (C) and 16mM
(D) TCE compared to control (A) and 8mM (B) TCE-treated cells. (20X magnification). n=3.

Fig. (6). Flow cytometry for detection of apoptosis by FITC/Annexin V staining. Significant number of apoptotic cells were found when
HepG2 cells were exposed to 12mM or 16mM TCE compared to controls and 8mM TCE-treated cells. n=3.
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Fig. (7a). MTT assay showing significant decrease in cell viability of RAW cells at 16mM TCE concentration compared to controls. * p <

0.05 compared to controls. n=3.
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Fig. (7b). Phagocytotic assay for latex bead uptake by RAW cells. A significant reduction in phagocytotic activity was seen in cells treated

with 16mM *p < 0.05 compared to controls TCE and n=3.

of apoptosis observed in controls, 8mM, 12mM and 16mM
TCE concentrations was (4.55 + 0.49), (5.3 £ 0.56), (18.25 +
2.47) and (77.15 + 1.48), respectively.

TCE Reduced Cell Viability and Phagocytosis of Raw
Cells

RAW cells were treated with TCE at concentrations from
ImM to 32mM and for durations ranging from lh to 72h.
After 24h of incubation, a significant decrease in RAW cell
viability was observed at 16mM and higher concentrations of
TCE (Fig. 7a). Also, a significant decrease in RAW cell
phagocytic activity (uptake of latex beads) was observed
after incubation for 24h with 16mM concentrations of TCE
(Fig. 7b).

Reduced Phagocytosis of TCE-treated HepG2 Cells Co-
Cultured with Untreated RAW Cells

Since macrophages play an important role in clearing the
apoptotic cells through phagocytosis, we co-cultured TCE-
treated HepG2 cells with untreated attached RAW
(macrophage) cells. A significant decrease in phagocytosis
of HepG2 cells was observed at 12mM and higher
concentrations of TCE (Fig. 8). These findings support our

in vivo data, which shows that the function of macrophages
could be compromised by TCE, probably resulting in
delayed/incomplete clearance of apoptotic cells. We also
used different combinations of co-culture studies with
HepG2 and RAW cells and found that only attached RAW
cells engulfed HepG2 cells.

Effect of TCE on Cytokine Production

Significant increase in TNF-o levels were observed in
the supernatants of TCE-treated HepG2 cells co-cultured
with untreated RAW cells at 12mM and higher
concentrations (Fig. 9) indicating that TNF-o. may be
contributing to pro-inflammatory response in vitro.

DISCUSSION

The etiology of ADs is often unknown. However, both
environmental and genetic factors are involved. Many
intrinsic factors (e.g., age, sex and genetics) and extrinsic
factors (e.g., drugs, chemicals and environmental toxicants)
have been implicated in the initiation of ADs [34]. TCE, a
halogenated ethene, is known to cause AIHLD in humans
and animal models [11, 12, 19]. To define the role of
environmental and genetic factors in the induction of
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Fig. (8). Co-culture of HepG2 cells with RAW cells for phagocytosis. A significant decrease in phagocytosis of TCE-treated HepG2 by
RAW cells was observed at 12mM and 16mM concentration compared to controls. * p <0.05 compared to controls. n=3.
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Fig. (9). TNF-a in the culture supernants of TCE-treated HepG2 cells co-cultured with RAW cells. Increases in TNF-o levels were observed
at 12mM (2 fold) and 16mM (4.5 fold) as compared to controls. * p < 0.05 compared to controls. n=3.

AIHLD, we chose TCE as the environmental factor and
selected autoimmune-prone female MRL+/+ mice as the
intrinsic factor.

Autoimmune hepatitis is characterized by increased
serum IgG, ANA and lymphocytic infiltration. The
mechanisms for such changes are only partially understood.
Previously, we reported that chronic exposure of female
MRL+/+ mice to TCE at occupationally relevant doses
results in ATHLD [11]. In addition, albumin haptenized with
formyl, a metabolite of TCE, induced immunogenic
responses and AIHLD in MRL+/+ mice [26].

Here, we report increased T-lymphocytic infiltration in
the livers of MRL+/+ mice after 36 weeks of treatment with
TCE, consistent with earlier reports of AIHLD [11, 12]. In
addition, diffuse periportal and central vein infiltration by T
cells with areas of focal hepatocellular necrosis appeared
after 48 weeks of treatment with TCE. We observed
increased apoptosis in the livers of MRL+/+ mice treated for
24 weeks preceding extensive lymphocytic infiltration.
Reduced Kupffer cells subsequently at later time points may
be responsible for delayed clearance of apoptotic bodies by
resident liver macrophages, causing secondary necrosis and

leading to chronic inflammation. Immunohistology of livers
with the macrophage and dendritic cell-specific monoclonal
antibody RM-4 against endolysosomal membrane protein
[32] indicated an impaired Kupffer cell function. Since,
apoptosis and deranged removal of apoptotic cells play a role
in autoimmunity [35, 36], our data supports the hypothesis
that TCE causes apoptosis and impaired removal of
apoptotic cells due to delayed/reduced -clearance by
macrophages leading to AIHLD. Our previous studies [11]
and studies by [37] demonstrated increased secretion of IFN-
v in TCE-treated MRL+/+ mice which may lead to an up-
regulation of inflammatory genes in MRL+/+ mice and thus,
contribute to an inflammatory response.

To study TCE-induced apoptosis and macrophage
dysfunction, we used an in vitro approach involving HepG2
cells and RAW cells. TCE treatment induced apoptosis of
HepG2 cells which were co-cultured with untreated RAW
cells representing macrophages. Our in vitro studies showed
a significant decrease in cell viability in TCE-treated HepG2
cells. Studies by [38] elucidated that TCE-induced apoptosis
in normal human epidermis keratinocytes. Our findings
showed significant increase in apoptosis by TUNEL assay
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which was also confirmed by flow cytometry. A decrease in
cell viability and phagocytosis was also observed in TCE-
treated RAW cells corresponding to an impaired macrophage
cell function in TCE-treated mice. We also demonstrated
decreased phagocytosis with elevated levels of TNF-a (pro-
inflammatory cytokine) in co-culture studies. It is known
that phagocytic ingestion of apoptotic cells results in
production of anti-inflammatory cytokines and suppression
of inflammatory cytokines, whereas failed clearance of
apoptotic cells results in the production of pro-inflammatory
cytokines like TNF-o [39,40]. Similarly, in chemical-
induced hepatotoxicity, increased levels of TNF-o were
reported preceding the onset of hepatic parenchymal cell
injury [41,42]. Also, hepatocytes may influence functions of
Kupffer cells or endothelial cells to express cytokines like
IFN-y or TNF-a. [43].

In this study, we observed an early increase in apoptosis
followed by necrosis and increased T lymphocytes in the
livers of TCE-treated mice. Apoptosis, in addition to
maintaining tissue homeostasis, is also essential for
maintaining self-tolerance by deletion of autoreactive T and
B cells [35]. Elimination of apoptotic cells by macrophages
is rapid and immunologically silent [44]. The defective
clearance of apoptotic cells results in secondary necrosis due
to increased number of apoptotic cells, with potential
consequences of inflammation and ADs [45, 46]. Hepatocyte
apoptosis induced by auto-reactive T cells throughout liver
parenchyma was observed in murine models [47]. It was also
reported that defective liver X receptor or peroxisome
proliferator-activated receptor 6 are known to produce a shift
of cytokine production from anti-inflammatory to pro-
inflammatory responses [48, 49]. Similarly, the process of
removal of apoptotic cells by macrophages is complex and
involves numerous factors. Morphological and adhesional
defects in macrophages have been reported to cause impaired
phagocytosis resulting in chronic inflammation [30]. In
addition, serum factors like complement component 1, q and
DNase I are necessary for phagocytosis in the degradation of
chromatin by macrophages [50, 51]. Macrophages deficient
in DNase I produced inflammatory cytokine TNF-o,, which
activated synovial cells to produce various cytokines leading
to chronic polyarthritis [52]. The above reports support our
findings that TCE induces autoimmunity by an increase in
pro-inflammatory response, as seen in elevated TNF-o in our
in vitro experiments.

In conclusion, our studies demonstrate that TCE induces
apoptosis which precedes lymphocytic infiltration leading to
AIHLD. This could be due to defective clearance of apoptotic
bodies by Kupffer cells, resulting in chronic inflammation.
Our future studies will be focused on determining different
factors and signaling pathways involved in delayed
phagocytosis of apoptotic bodies leading to AIHLD.
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