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Abstract
There are several murine models described with features similar to human primary biliary
cirrhosis (PBC). Amongst these models, the one which has the closest serologic features to PBC is
a mouse with a T cell-restricted expression of the dominant negative transforming growth factor β
receptor type II (dnTGFβRII). Our work has demonstrated that CD8+ T cells from dnTGFβRII
mice transfer autoimmune cholangitis to Rag1-/- recipients. However, it remained unclear whether
the autoimmune cholangitis was secondary to an intrinsic function within CD8+ T cells or due to
the abnormal TGFβR environment within which CD8+ T cells were generated. To address this
mechanistic issue, we utilized our dnTGFβRII, OT-I/Rag1-/-, OT-II/Rag1-/- mice and in addition
generated OT-I/dnTGFβRII/Rag1-/-, and OT-II/dnTGFβRII/Rag1-/- mice in which the entire T cell
repertoire was replaced with ovalbumin (OVA) specific CD8+ or CD4+ T cells, respectively.
Importantly, neither the parental OT-I/dnTGFβRII/Rag1-/- mice and/or OT-II/dnTGFβRII/Rag1-/-

mice developed cholangitis. However, adoptive transfer demonstrated that only transfer of CD8+

T cells from dnTGFβRII mice but not CD8+ T cells from OT-I/Rag -/- mice or from OT-I/
dnTGFβRII/Rag1-/- mice transferred disease. These data were not secondary to absence of CD4+

T cell help since a combination of CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- and CD4+ T cells
from OT II/dnTGFβRII/Rag1-/- or CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- with CD4+ T cells
from OT-II/Rag1-/- mice failed to transfer disease. In conclusion, defective TGFβRII signaling, in
addition to clonal CD8+ T cells that target biliary cells, are required for induction of autoimmune
cholangitis.
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Primary biliary cirrhosis (PBC) is a progressive autoimmune liver disease characterized by
portal tract lymphocytic infiltration, selective destruction of biliary epithelial cells (1, 2) and
the presence of anti-mitochondrial antibodies (AMAs) to autoantigens of the family of 2-
oxo-acid dehydrogenase complexes located in the inner mitochondrial membrane (3-5),
including and, in particular, the dominant autoepitope of the pyruvate dehydrogenase E2
complex (PDC-E2) (6-8). A major obstacle in dissecting the molecular basis of PBC has
been the absence of suitable animal models. We have previously reported that mice
transgenic for directed expression of a dominant negative form of transforming growth
factor beta receptor type II (dnTGFβRII), under the control of the CD4 promoter lacking the
CD8 silencer, spontaneously developed an autoimmune biliary ductular disease similar to
human PBC, including development of AMA (9-13). This observation is critical because our
previous work on PDC-E2 specific CD4+ and CD8+ T cells in human PBC suggests that
autoimmune cholangitis in patients is mediated by autoantigen specific T cells (14-17).

Earlier work has demonstrated that adoptive transfer of CD8+ T cells from dnTGFβRII mice
induces autoimmune cholangitis in recipients (11, 18). However, both in humans and in the
murine models, there has always been the question as to whether the multi-lineage response
to mitochondrial autoantigens and, in particular, PDC-E2, is specifically involved in tissue
damage or whether it is part of a non-specific loss of tolerance and therefore an
epiphenomenon. To address this issue, we took advantage of our dnTGFβRII model and
developed unique murine constructs in which we introduced the dnTGFβRII gene, along
with either OT-I TCR or OT-II TCR transgenes into Rag1-/- mice. In other words, we
developed two dnTGFβRII strains in which the T cell repertoire was replaced with either
ovalbumin (OVA)-specific CD8+ T cells (OT-I) or OVA-specific CD4+ T cells (OT-II). We
report herein that autoimmune cholangitis requires T cell antigen specificity for the
development of autoimmune cholangitis. These data have importance not only for this
mouse model, but highlight the significance of breach of tolerance to PDC-E2 in humans
with PBC.

Materials and Methods
Animals

Our colony of dnTGFβRII mice on a C57BL/B6 (B6) background was maintained at the
University of California at Davis animal facility (Davis, CA) (9). C57BL/6-Tg (TcrαTcrβ)
1100Mjb/J (OT-I), C57BL/6-Tg (TcrαTcrβ) 425Cbn/J (OT-II) and B6.129S7-Rag1tm1Mom/J
(Rag1-/-) mice were purchased from the Jackson Laboratory (Bar Harbor, ME). To generate
OT-I/dnTGFβRII/Rag1-/- mice, male dnTGFβRII mice and OT-I mice were mated with
female Rag1-/- mice to obtain dnTGFβRII/Rag1+/- mice and OT-I/Rag1+/- mice, which were
subsequently back-crossed with female Rag1-/- mice to obtain dnTGFβRII/Rag1-/- mice and
OT-I/Rag1-/- mice, respectively. Male dnTGFβRII/Rag1-/- mice were then mated with
female OT-I/Rag1-/- mice to obtain OT-I/Rag1-/- and OT-I/dnTGFβRII/Rag1-/- mice. OT-II/
dnTGFβRII/Rag1-/- mice were similarly generated. In all cases, genotypes were confirmed
via the polymerase chain reaction (9). Mice were fed sterile rodent Helicobacter Medicated
Dosing System (three-drug combination) diets (Bio-Serv, Frenchtown, NJ) and maintained
in individually ventilated cages under specific pathogen-free conditions. Sulfatrim (Hi-tech
Pharmacal, Amityville, NY) was delivered through drinking water. The experimental
protocols were approved by the University of California Animal Care and Use Committee.
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Experimental Protocol
1. Natural history in unmanipulated dnTGFβRII genetically modified mice—In
the first phase of this work we monitored the natural history of immunopathology in groups
of 7-12 mice, including dnTGFβRII, OT-I/dnTGFβRII/Rag1-/-, OT-I/Rag1-/-, OT-II/
dnTGFβRII/Rag1-/-, and OT-II/Rag1-/-; only female mice were studied. The mice were left
unmanipulated to minimize infection and loss of animals until 24 weeks of age, when liver
and spleen were collected on all mice. The liver specimens were examined for
histopathology. Splenic and hepatic mononuclear cells (MNCs) were isolated for phenotypic
analysis by flow cytometry as described below (Fig.1). To confirm that CD8+ T cells are
immunologically functional and, as further controls for this work, we performed ex vivo
stimulation with anti-CD3 and anti-CD28 or the OVA peptide 257-264, followed by
measurement of IFNγ production.

2. Expression of autoimmune cholangitis following adoptive CD8+ T cells
transfer—In the second phase of the protocol female Rag1-/- mice at 8 weeks of age
underwent adoptive transfer with purified splenic CD8+ T cells from donor dnTGFβRII,
OT-I/dnTGFβRII/Rag1-/- or OT-I/Rag1-/- mice. The adoptive transfer was performed by
collection of splenic cells from 8-week-old dnTGFβRII, OT-I/dnTGFβRII /Rag1-/- or OT-I /
Rag1-/- mice. Purified CD8+ T cells were prepared using CD8 microbeads (Miltenyi Biotec,
Auburn, CA) and aliquots of 1 × 106 CD8+ T cells were thence transferred by intravenous
injection. Eight weeks following this adoptive transfer, all recipients were sacrificed and
sera, liver and spleen were collected. The liver specimens were examined for
histopathology. Splenic and hepatic MNCs were analyzed by flow cytometry. The
concentration of serum TNFα, IFNγ, MCP-1 (monocyte chemoattractant protein-1), and
IL-6 was determined using the mouse Cytometry Bead Array kit (CBA; BD Biosciences,
San Jose, CA) (19) (Fig.1).

3. Expression of autoimmune cholangitis following adoptive CD8+ and CD4+ T
cells transfer—In the third phase of this experiment we determined the role of CD4+

helper T cells in CD8+ T cell mediated autoimmune cholangitis. Purified splenic CD4+ T
cells from donor OT-II/dnTGFβRII/Rag1-/- or OT-II/Rag1-/- mice underwent transfer into
Rag1-/- recipient mice as noted in Figure 1. Specifically, splenic T cells were collected from
8-week-old dnTGFβRII, OTI/dnTGFβRII /Rag1-/-, OT-II/dnTGFβRII/Rag1-/- or OT-II/
Rag1-/- mice. Purified CD8+ or CD4+ T cells were prepared using CD8 or CD4 microbeads
(Miltenyi Biotec, Auburn, CA), respectively. Eight-week-old female Rag1-/- mice were used
as recipients. Aliquots of 1 × 106 of CD8+ or CD4+ T cells were then transferred by
intravenous injection. Eight weeks following the adoptive transfer, all recipient animals
were sacrificed and analyzed by histopathology, flow cytometry and the mouse Cytometry
Bead Array kit (Fig.1).

Flow Cytometry
Splenocytes and liver infiltrating MNCs were isolated as described (20) and resuspended in
staining buffer consisting of 0.2 % BSA, 0.04% EDTA, and 0.05 % sodium azide in PBS.
The cells were dispensed into 25 μL aliquots and incubated with anti-mouse Fc receptor
blocking reagent (eBioscience, San Diego, CA) for 15 minutes at 4°C. Cells were washed
and stained for 30 minutes at 4°C with cocktails containing combinations of fluorochrome
conjugated monoclonal antibodies for the cell surface markers CD4, CD8a, CD44, CD62L,
NK1.1, TCR Vα2, TCR Vβ5.1, 5.2 (Biolegend, San Diego, CA), and TCR-β (eBioscience).
After staining the cells were washed once with PBS containing 0.2 % BSA. For intracellular
cytokine staining, splenic MNCs from dnTGFβRII, OT-I/dnTGFβRII/Rag1-/- and OT-I/
Rag1-/- mice were resuspended in RPMI 1640 medium with 10 % heat-inactivated fetal
bovine serum (GIBCO-Invitrogen Corp., Grand Island, NY), 100 μg/mL streptomycin, 100
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U/mL penicillin, and 0.5 μg/mL each of anti-CD3 (Biolegend) and anti-CD28 (Biolegend)
or 10 μg/ml the OVA amino acid 257-264 peptide (GenScript Inc., Piscataway, NJ). The
cells were incubated at 37 °C in a humidified 5 % CO2 incubator. Brefeldin A (1 μg/ml)
(Sigma-Aldrich Co., St. Louis, MO) was added after 1 hour incubation. The cells were then
incubated for 4 hours. The cells were stained for surface CD8a, NK1.1 and TCRβ, fixed and
permeabilized with BD Cytofix/Cytoperm Solution (BD Biosciences), then stained for
intracellular IFNγ (BioLegend). Normal IgG isotype controls were used in parallel. A
FACScan flow cytometer (BD Immunocytometry Systems, San Jose, CA) upgraded for the
detection of five colors by Cytek Development (Fremont, CA) was used to acquire data,
which were analyzed with Cellquest PRO software (BD Immunocytometry Systems).

Histopathology
The liver from sacrificed mice were fixed in 4 % paraformaldehyde, embedded in paraffin,
cut into 4 μm sections, deparaffinized, stained with hematoxylin and eosin (H&E), and
evaluated using light microscopy (12). Portal inflammation were evaluated by a “blinded”
pathologist using the following scoring system we have previously defined: 0, no
inflammation; 1, minimal inflammation; 2, mild inflammation; 3, moderate inflammation;
and 4, severe inflammation. Bile duct damage was graded as: 0, no significant changes; 1,
mild change; 2, moderate to severe bile duct damage or bile duct loss.

Statistical Analysis
These data were expressed as the mean ± standard deviation (SD) and were evaluated with a
two-tailed unpaired Mann-Whitney test, one-way ANOVA followed by a Bonferroni
multiple comparison test, or a Kruskal-Wallis test followed by Dunn's multiple comparisons
test, as appropriate.

Results
Natural history in unmanipulated dnTGFβRII genetically modified mice

We confirmed the composition of the splenic T cell compartment in OT-I/dnTGFβRII/
Rag1-/- and OT-II/dnTGFβRII/Rag1-/- mice. All T cells from OT-I/dnTGFβRII/Rag1-/- mice
are CD8 positive and exclusively express the TCR Vα2 and Vβ5.1, 5.2, while T cells in OT-
II/dnTGFβRII/Rag1-/- mice are CD4 positive and express Vα2 and Vβ5.1, 5.2 (Fig. 2).
Histological examination of liver sections in dnTGFβRII mice demonstrated significant
autoimmune cholangitis with MNCs infiltration in hepatic portal tracts and bile duct
damage. In contrast, there was no significant hepatic pathology in either OT-II/dnTGFβRII/
Rag1-/- or OT-II/Rag1-/- mice (Fig. 3A and 3B). These results indicate that OVA-specific
CD4+ T cells with the TGFβ signaling deficiency were not associated with autoimmune
biliary disease. Some (4 out of 12 mice) of the OT-I/dnTGFβRII/Rag1-/- mice had detectable
lymphocytic infiltration in the portal tracts, but it was significantly less than in dnTGFβRII
mice. However, there was no bile duct damage in any of the OT-I/dnTGFβRII/Rag1-/- mice
(Fig. 3A and 3B).

The absolute numbers of MNCs were significantly increased in the liver and spleen of OT-I/
dnTGFβRII/Rag1-/- mice and dnTGFβRII mice compared to OT-I/Rag1-/- mice (Fig. 4A).
The absolute numbers of CD8+ T cells were significantly increased in the liver of OT-I/
dnTGFβRII/Rag1-/- mice and dnTGFβRII mice compared to OT-I/Rag1-/- mice, suggesting
that the TGFβRII transgene caused autonomous cell proliferation in both strains. In both
liver and spleen, almost 100% of CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- mice and
dnTGFβRII mice were CD44+ memory T cells, while most of CD8+ T cells from OT-I/
Rag1-/- mice were CD44- naive T cells (Fig. 4A). To prove that the OT-I/dnTGFβRII/
Rag1-/- CD8 cells were immunologically functional, we performed ex vivo stimulation with
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anti-CD3 and anti-CD28 or the OVA peptide 257-264 that is recognized by the OT-I TCR.
dnTGFβRII and OT-I/dnTGFβRII/Rag1-/- IFNγ producing CD8+ T cells were significantly
increased compared to OT-I/Rag1-/- mice after anti-CD3 and anti-CD28 stimulation. In
addition, OT-I/dnTGFβRII/Rag1-/- IFNγ producing CD8+ T cells were significantly
increased compared to OT-I/Rag1-/- mice and dnTGFβRII mice after OVA stimulation,
proving that these cells were not only functionally intact, but were producing massive
amounts of Th1 cytokines compared to OT-1 cells in a non-transgenic B6 background (Fig.
4B). These results indicate that although OVA-specific CD8+ T cells with TGFβ signaling
deficiency accumulated massively, and were immunologically activated and capable of a
substantial Th1 response, they were associated with only a mild lymphoid cell infiltration in
portal area and were not associated with autoimmune cholangitis.

Expression of autoimmune cholangitis following adoptive CD8+ T cells transfer
To further determine the role of antigen specific CD8+ T cells in autoimmune cholangitis in
dnTGFβRII mice, 1 × 106 CD8+ T cells from the spleens of OT-I/dnTGFβRII/Rag1-/-, OT-I/
Rag1-/- or dnTGFβRII mice underwent transfer into Rag1-/- mice. We measured the
production of inflammatory cytokines in the serum of these recipients at eight weeks
following the adoptive transfer. IFNγ, TNFα and IL-6 production were significantly higher
in the recipients of CD8+ T cells from dnTGFβRII mice than those received OT-I/
dnTGFβRII/Rag1-/- and OT-I/Rag1-/- CD8+ T cells (Fig. 5A). Thus although OT-I/
dnTGFβRII/Rag1-/- were capable of a substantial Th1 response, they did not develop it in
vivo.

Inflammatory MNCs infiltration and bile duct damage were detected in the liver from
recipients of dnTGFβRII CD8+ T cells but not in the recipients of OT-I/dnTGFβRII/Rag1-/-

and OT-I/Rag1-/- CD8+ T cells (Fig. 5B and 5C). The number of liver infiltrating MNCs and
CD8+ T cells was significantly higher in the recipients of dnTGFβRII CD8+ T cells than the
recipients of OT-I/dnTGFβRII/Rag1-/- and OT-I/Rag1-/- CD8+ T cells (Fig. 6A). Flow
cytometric analysis confirmed that the CD8+ T cells recovered from the recipients of OT-I/
dnTGFβRII/Rag1-/- and OT-I/Rag1-/- CD8+ T cells exclusively expressed the TCR Vα2 and
Vβ5.1, 5.2, while such specific TCR only comprised a small fraction in the CD8+ T cell
repertoire derived from the dnTGFβRII mice (Fig. 6B). These results indicate that adoptive
transfer of dnTGFβRII CD8+ T cells into Rag1-/- mice induced cholangitis in the liver of
recipients; in contrast, the same number of CD8+ T cells from OT-I/dnTGFβRII/Rag1-/-

donors did not cause cholangitis in the recipient mice.

Expression of autoimmune cholangitis following adoptive CD8+ and CD4+ T cells transfer
CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- and OT-I/Rag1-/- do not receive CD4+ T cell
help throughout development, while CD8+ T cells from dnTGFβRII do receive CD4+ T cell
help. To determine the role of CD4+ helper cells in CD8+ T cell mediated autoimmune
cholangitis, 1 × 106 CD8+ T cells from the spleen of dnTGFβRII, 1 × 106 CD8+ T cells from
OT-I/dnTGFβRII/Rag1-/- mice with 1 × 106 CD4+ T cells from OT-II/dnTGFβRII/Rag1-/-

or 1 × 106 CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- mice with 1 × 106 CD4+ T cells
from OT-II/Rag1-/- mice underwent transfer into Rag1-/- mice. IFNγ, TNFα and IL-6
production were significantly higher in the recipients of CD8+ T cells from dnTGFβRII
mice than those receiving OT-I/dnTGFβRII/Rag1-/- CD8+ T cells with OT-II/Rag1-/- CD4+

T cells at eight weeks following the adoptive transfer. MCP-1 production was significantly
higher in the recipients of OT-I/dnTGFβRII/Rag1-/- CD8+ T cells with OT-II/dnTGFβRII/
Rag1-/- CD4+ T cells compared to mice receiving dnTGFβRII CD8+ T cells and OT-I/
dnTGFβRII/Rag1-/- CD8+ T cells with OT-II/Rag1-/- CD4+ T cells (Fig. 7A). Some
recipient mice in each of the transfer groups had minimal detectable lymphocytic infiltration
in the portal tracts, however, portal inflammation in the liver from recipients of dnTGFβRII
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CD8+ T cells was significantly more severe than in the other recipients. Bile duct damage,
however, was only detected in the liver transferred with dnTGFβRII CD8+ T cells (Fig. 7B
and 7C). These results suggest that the autoimmune biliary disease is induced by antigen-
specific CD8+ T cells within the natural CD8+ T cell repertoire of dnTGFβRII mice.

Discussion
PBC is an organ-specific autoimmune disease characterized by destruction of intrahepatic
small bile duct biliary epithelial cells (1, 2). We have demonstrated that PDC-E2, along with
other mitochondrial autoantigens, are present within the apoptotic blebs from human
intrahepatic biliary epithelial cells (HiBECs), but not detected in apoptotic blebs from other
human tissues (21, 22). We have also demonstrated that PDC-E2-specific autoreactive CD4+

and CD8+ T cells exist in peripheral blood and are highly enriched in the liver of PBC
patients (14-17, 23). Taken together, these data suggest that autoreactive T cells play a
critical role in the tissue-specific immunopathogenesis of PBC. In addition to these studies
based on human clinical specimens, we have used the dnTGFβRII mice with TGFβ
signaling deficiency in the T cells, a mouse model of autoimmune cholangitis that resembles
human PBC (9), to demonstrate that the CD8+ cytotoxic T cell population with the impaired
TGFβ signaling is essential for the development of autoimmune biliary epithelial damage in
this model (18). However, it is unclear whether the pathogenic CD8+ T cells in the liver of
dnTGFβRII mice require antigen specificity.

To examine the role of antigen specificity in the T cell-mediated autoimmune cholangitis in
the dnTGFβRII mice, we generated two mouse strains OT-I/dnTGFβRII/Rag1-/- and OT-II/
dnTGFβRII/Rag1-/-, in which the entire T cell repertoire was replaced with either CD8+ or
CD4+ T cells specific for a single irrelevant antigen OVA. We demonstrated that OT-II/
dnTGFβRII/Rag1-/- mice had no inflammation in liver at 24 weeks of age, while the OT-I/
dnTGFβRII/Rag1-/- mice had minimal inflammation in portal tract but no autoimmune
cholangitis. We further demonstrated that adoptive transfer of CD8+ T cells from OT-I/
dnTGFβRII/Rag1-/- mice did not induce cholangitis in the recipient mice.

A previous study demonstrated that Rag1-/- recipient mice transferred with CD8+ T cell
from Tgfbr2f/f dLcK-Cre mice plus CD4+ T cell from control mice developed more severe
autoimmunity compared to the recipients of Tgfbr2f/f dLcK-Cre CD8+ T cells alone (24).
Indeed, isolated CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- had not received CD4+ T cell
help during development, while isolated CD8+ T cells from dnTGFβRII had received CD4+

T cell help during development. In addition, consequently, we confirmed that adoptive
transfer of CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- mice with CD4+ T cells from OT-II/
dnTGFβRII/Rag1-/- mice did not induce cholangitis in recipient mice. We also showed that
the TGFβ signaling defect had the same effect on the OT-I/dnTGFβRII/Rag1-/- peripheral
CD8 cells as on dnTGFβRII cells—i.e. excess accumulation (higher cell numbers),
spontaneous activation (increased CD44) and excessive cytokine production (increased Th1
cytokines). Despite these abnormalities, these cells did not mediate disease upon transfer,
nor did they produce excess cytokines without CD4 help. In the presence of CD4 help, they
produced more cytokines, but still did not mediate disease. These results strongly suggest
that antigen specificity for autoantigens is a critical aspect of dnTGFβRII mediated liver
disease. The irrelevant antigen OVA-specific CD4+ and CD8+ T cells with TGFβ signaling
deficiency do not cause autoimmune cholangitis. Therefore, the organ-specific autoimmune
cholangitis spontaneously developed in the dnTGFβRII mice is not the consequence of a
non-antigen specific, cell intrinsic loss of tolerance.

It has been reported that the T cell limited deficiency of TGFβ signaling resulted in
spontaneous T cell differentiation, as demonstrated by the overwhelming CD44+ memory
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phenotype and the capacity of IFN-γ production of T cells in the dnTGFβRII mouse model
(25). Similarly, we found that while the OVA-specific CD8+ T cells in the OT-I/Rag1-/-

mice were mostly naïve T cells with poor IFNγ production capability, those in the OT-I/
dnTGFβRII/Rag1-/- mice were almost exclusively CD44+ memory T cells with the capacity
for excess IFN-γ production, although the mice had never been exposed to OVA. Of note,
although the OT-I/dnTGFβRII/Rag1-/- mice were free of bile duct damage, they did develop
mild inflammation in portal tract. This is in agreement with the notion that liver serves as a
“graveyard” for activated CD8+ T cells (26), and that hepatitis could be induced by
influenza-specific CD8+ T cells even though influenza antigens were not detected in the
liver (27, 28). It is possible that even under the specific pathogen-free condition, some
OVA-specific CD8+ T cells in the OT-I/dnTGFβRII/Rag1-/- mice could be activated by non-
specific environmental factors, resulting in the mild liver inflammation.

Recently, several studies using transgenic mouse models that expressed various model
autoantigens demonstrated that autoantigen specific T cells induced autoimmune diseases.
For example, OVA-specific CD4+ T cells induced bladder autoimmune inflammation in
transgenic URO-OVA mice that express the model self antigen OVA on the bladder
urothelium (29). A study using skin-directed expression of OVA demonstrated that GVHD-
like inflammatory skin disease was induced by transferring OVA-specific OT-I CD8+ T
cells (30). Furthermore, transfer of OT-I T cells led to cholangitis in the liver of transgenic
mouse in which the model antigen OVA was expressed in cholangiocytes (31). These
experimental models of autoimmune diseases demonstrated the critical role of autoantigen-
specific T cells in the pathogenesis of the tissues or organs that express the specific antigens.
Our previous and current studies clearly demonstrate that CD8+ T cells are critical for the
autoimmune cholangitis in the dnTGFβRII mice; however this organ-specific pathogenesis
in the bile duct tissue that does not express OVA cannot be induced by the OVA-specific
CD8+ T cells. Taken together, these results strongly suggest that the autoimmune cholangitis
in the dnTGFβRII mouse model is induced by effector CD8+ T cells specific for
autoantigens expressed in the bile duct tissue. Identifying these autoantigens as well as
CD8+ T cells specific for these autoantigens in future studies will be important for
understanding the mechanism of autoimmune cholangitis in the mouse model, as well as that
of PBC in humans. Indeed, future studies should focus on establishment of antigen specific
CD8+ T cells and appropriate vector for delivery and subsequent in vivo expression; such a
model will provide a novel venue for therapeutic intervention and dissection of pathogenic
mechanisms.
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Abbreviations

dnTGFβRII transforming growth factor β receptor type II

PBC primary biliary cirrhosis

OVA ovalbumin

AMAs antimitochondrial antibodies

PDC-E2 the pyruvate dehydrogenase E2 complex

MNCs mononuclear cells
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Figure 1.
Schematic illustration of the experimental protocol.
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Figure 2.
Representive flow cytometry analysis of T cells in spleen from OT-I/dnTGFβRII/Rag1-/-

mice and OT-II/dnTGFβRII/Rag1-/- mice.
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Figure 3.
(A) Representative H&E stained of liver sections of dnTGFβRII mice, OT-I/dnTGFβRII/
Rag1-/- mice (OT-I/dnTGFβRII), OT-I/Rag1-/- mice (OT-I/B6), OT-II/dnTGFβRII/Rag1-/-

mice (OT-II/dnTGFβRII) and OT-II/Rag1-/- mice (OT-II/B6). (B) Scoring of portal
inflammation and bile duct damage in dnTGFβRII (n=7), OT-I/dnTGFβRII (n=12), OT-I/B6
(n=12), OT-II/dnTGFβRII (n=12), and OT-II/B6 mice (n=12). ***p<0.001 determined
using Kruskal-Wallis test followed by Dunn's multiple comparisons test.
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Figure 4.
Flow cytometric analysis of the MNCs in the liver and spleen of dnTGFβRII, OT-I/
dnTGFβRII/Rag1-/- (OT-I/ dnTGFβRII), and OT-I/Rag1-/- (OT-I/B6) mice. (A) Number and
phenotype of total MNCs and CD8+ T cells in the spleen and liver of dnTGFβRII mice
(n=7), OT-I/ dnTGFβRII (n=8), and OT-I/B6 (n=8) mice. (B) The frequency of IFNγ
producing CD8+ T cells in the spleen of dnTGFβRII (n=4), OT-I/dnTGFβRII (n=4), and
OT-I/B6 (n=4) mice. The cells were stimulated ex vivo with anti-CD3 and anti-CD28 (left
panel) or the OVA peptide 257-264 (right panel). *p<0.05, **p<0.01, ***p<0.001
determined using one-way ANOVA followed by a Bonferroni multiple comparisons test or
Kruskal-Wallis test followed by Dunn's multiple comparisons test.
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Figure 5.
Adoptive transfer of OVA-specific CD8+ T cells into Rag1-/- recipient mice. (A) Serum
cytokine profiles of recipients transferred with CD8+ T cells from dnTGFβRII, OT-I/
dnTGFβRII/Rag1-/- (OT-I/dnTGFβRII), and OT-I/Rag1-/- (OT-I/B6) donors at 8 weeks after
transfer. (B) Representative H&E stained liver sections of recipient mice transferred with
CD8+ T cell from dnTGFβRII mice, OT-I/dnTGFβRII, or OT-I/B6. (C) Scoring of portal
inflammation and bile duct damage in the recipients. Each group included 8 mice. **p<0.01,
***p<0.001 determined using Kruskal-Wallis test followed by Dunn's multiple comparisons
test.
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Figure 6.
Flow cytometric analysis of the total MNCs and CD8+ T cells in liver of recipients
transferred with CD8+ T cells from dnTGFβRII, OT-I/dnTGFβRII/Rag1-/- (OT-I/
dnTGFβRII), and OT-I/Rag1-/- (OT-I/B6) donors at 8 weeks after transfer. (A) Number of
total MNCs and CD8+ T cells in the liver. Each group included 8 mice. (B) Analysis of TCR
Vα2 and Vβ5.1, 5.2 for hepatic CD8+ T cells. Data are expressed as the mean ± standard
deviation. **p<0.01,***p<0.001 determined using one-way ANOVA followed by a
Bonferroni multiple comparisons test or Kruskal-Wallis test followed by Dunn's multiple
comparisons test.
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Figure 7.
Adoptive transfer of OVA-specific CD8+ T cells and CD4+ T cells into recipient mice. (A)
Serum cytokine profiles of recipients transferred CD8+ T cells from dnTGFβRII
(dnTGFβRII CD8), CD8+ T cells from OT-I/dnTGFβRII/Rag1-/- with CD4+ T cells from
OT-II/dnTGFβRII/Rag1-/- (OT-I/dnTGFβRII CD8 + OT-II/dnTGFβRII CD4) and CD8+ T
cells from OT-I/dnTGFβRII/Rag1-/- with CD4+ T cells from OT-II/Rag1-/- (OT-I/
dnTGFβRII CD8 + OT-II/B6 CD4) at 8 weeks after transfer. (B) Representative H&E
stained liver sections of dnTGFβRII CD8, OT-I/dnTGFβRII CD8 + OT-II/dnTGFβRII CD4
and OT-I/dnTGFβRII CD8 + OT-II/B6 CD4. (C) Scoring of portal inflammation and bile
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duct damage in the recipients. Each group included 5-6 mice. *p<0.05, **p<0.01 determined
using Kruskal-Wallis test followed by Dunn's multiple comparisons test.
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