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Abstract

There is a significant unmet need in the treatment of primary biliary cirrhosis (PBC) despite
significant data on the effector pathways that lead to biliary duct damage. We focused attention on
a murine model of PBC, the dominant negative transforming growth factor 3 receptor Il (Tg) mice.
To further define the pathways that lead to biliary pathology in these mice, we developed Tg mice
deleted of CD4 cells (CD47~Tg).

Interestingly, these mice developed more severe cholangitis than control Tg mice. These mice,
which lack CD4 cells, manifested increased levels of IFN-y produced by effector CD8 cells. It
appears that increased cholangitis is due to the absence of CD4 Treg cells. Based on these data, we
parabiosed CD4~~Tg mice with established disease at 8-9 weeks of age with C57BL/6 control
mice. Such parabiotic “twins” had a significant reduction in autoimmune cholangitis, even though
they had established pathology at the time of surgery. We prepared mixed bone marrow chimera

Correspondence to: Zhe-Xiong Lian, M.D., Ph.D., Liver Immunology Laboratory, Institute of Immunology and School of Life
Sciences, University of Science and Technology of China, Hefei 230027, China; Phone: +86-551-63600317; Fax: +86-551-63600317;
zxlianl@ustc.edu.cn or M. Eric Gershwin, M.D., Division of Rheumatology, Allergy and Clinical Immunology, University of
California at Davis School of Medicine, 451 Health Sciences Drive, Suite 6510, Davis, CA 95616; telephone: 530-752-2884; fax:
530-752-4669; megershwin@ucdavis.edu.

These authors contributed equally to this work.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al.

Page 2

mice constructed from CD4™/~Tg and CD8/~ mice and not only was cholangitis improved, but a
decrease in terminally differentiated CD8" T effector cells in the presence of wild type CD4 cells
was noted. In conclusion, “correcting” the CD4 T cell subset, even in the presence of pathogenic
CD8 T cells, is effective in treating autoimmune cholangitis.

Keywords

Primary biliary cirrhosis; cholangitis; CD4* T cells; regulatory T cells; bone marrow chimeric
mice; parabiosis

Introduction

Primary biliary cirrhosis is a prototypical organ specific autoimmune biliary disease
characterized by portal inflammation, leucocyte-mediated intra-hepatic bile duct damage and
anti-mitochondrial antibodies [1, 2]. There is extensive data on the putative effector
pathways that lead to biliary destruction and the relationships between loss of tolerance and
biliary pathology[3-7]. The destruction of bile ducts is associated with cholestasis, resulting
in cirrhosis and liver failure. However, most patients develop clinical symptoms long after
the initial loss of immune tolerance. To define the earliest immunopathological events in
PBC, we have studied dominant negative transforming growth factor receptor type Il
transgenic mice (Tg) [8] in which dnTGFBRII is expressed on both CD4* and CD8* T cells.
T lymphocyte specific impairment of TGF-f signaling results in autoimmune cholangitis
mediated by CD8* T [9] and B cells [10, 11] in the presence of pro-inflammatory cytokines
[11-14], and accompanied by anti-mitochondrial antibodies of the same specificity as
human PBC. Moreover, transfer of Tg -derived CD8" T cells alone to lymphopenic mice
generates a robust cholangitis [9]. Importantly, when the CD8* TCR repertoire is restricted
to ovalbumin (OVA), the immunologic and histologic features of PBC disappear. Further,
OVA restricted Tg CD8* T cells fail to transfer biliary disease [15]. Hence, antigen-specific
CD8™* T cells are necessary for the pathogenesis of cholangitis in this model.

CD4*Foxp3™ regulatory T cells (Tregs) play a major role in control of excessive immune
responses [16] and defects in Tregs have been reported both in PBC patients and murine
PBC models. First, PBC patients, and their relatives have significantly lower frequency of
CD4*CD25* Treg cells [17]. Second, the clinical features of neonatal deficiency of CD25
included an autoimmune cholangitis that remits after bone marrow transplantation [18].
Third, Scurfy mice with complete absence of Foxp3* Tregs, develop cholangitis and high
titer of serum AMAs [11], and finally mice deficient in IL-2Ra (CD25) also develop PBC
[19], consistent with our observations that transfer of WT derived CD4*Foxp3* Tregs
protects against biliary disease in adoptive transfer models [20, 21]. It is unknown whether
Tregs can reverse established immune dysregulation. We report herein the successful
modulation of cholangitis even in animals with established pathology. The implications of
these data for humans with PBC are striking, since correction of the CD4 subset deficiencies
can reverse the disease even in the presence of persistent CD8 T cell abnormalities.
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Materials and Methods

Mice

C57BL/6 dnTGFBRII (B6.Cg-Tg (Cd4-TGFBR2) 16FIv/J), Foxp3©FP mice (Foxp3tm2Ayr),
CD4~'=, CD87/~, congenic CD45.2, CD45.1 mice were housed under specific pathogen-free
conditions in the animal facility of the School of Life Sciences of the University of Science
and Technology of China. To generate CD4~~dnTGFpRII (CD4"Tg) mice, CD4~/~ mice
were bred with Tg mice. CD4 knockout was confirmed by detecting the expression of CD4
on leucocytes by flow cytometry. Foxp3¢FPdnTGFBRII (Foxp3©FPTg) mice were generated
by breeding male Tg mice with female Foxp3®FP mice. Experiments were performed
following approval of the USTC Animal Care and Use Committee.

Preparation of hepatic, splenic or mesenteric mononuclear cells

To isolate hepatic mononuclear cells, livers were ground through 200G stainless steel mesh
in PBS with 0.2% BSA. The liver homogenate was pelleted by centrifuging at 4509 for 5
minutes. The pellets were resuspended in 40% Percoll (GE Healthcare, Little Chalfont,
United Kingdom); thence 70% Percoll was added to the bottom and centrifuged at 800g for
20 minutes at room temperature. The mononuclear cells layer was collected by centrifuging
at 800g for 5 minutes. Whole spleen was disrupted between 2 microscope glass slides and
red cells were lysed for 10 minutes. After neutralizing the buffer with PBS, pellets were
resuspended. Mesenteric lymph nodes were disrupted between two glass slides, cells were
suspended in PBS with 0.2% BSA and passed through a 70 um nylon mesh, and
mononuclear cells collected by centrifugation at 800g for 5 min. The viability of cells was
confirmed by trypan blue dye exclusion.

Flow Cytometry

Cell suspensions were incubated with anti-mouse CD16/32 (Biolegend, San Diego, CA) to
block the Fc receptor before cell surface staining. All flow antibodies, unless otherwise
noted, were purchased from Biolegend. To identify subpopulation of lymphocytes, cells
were stained with Pacific Blue-CD3 (17A2), FITC-CD8 (YTS156.7.7), Alexa647-mCD1d-
Tetramer (Provided by NIH Tetramer Core Facility, NO 22188, Emory University), PerCP/
Cy5.5-CD62L (MEL-14), PE-Cy7-NK1.1 (PK136), V500-B220 (RA3-6B2, BD
Bioscience), Alexa Fluor 647-CD44 (IM7), APC-Cy7-CD4 (GK1.5). To distinguish donor
versus recipient subpopulations in chimeric recipients, cells were stained with PerCP/Cy5.5-
CD45.1 (A20), APC-CD45.2 (104), Pacific Blue-TCR-p (H57-597), V500-CD8a (53-6.7,
BD Bioscience), FITC-CD44 (IM7), PE-CD19 (6D5), PE-CD62L (MEL-14), PE-Cy7-
NK1.1(PK136), APC-KLRG-1 (2F1/KLRG-1), APC-Cy7-CD4 (GK1.5), PE-CD25 (PC61),
GITR(DTA-1). For intracellular staining, cells were resuspended in RPMI-1640 with 10%
fetal bovine serum and stimulated with Cell Stimulation Cocktail (plus protein transport
inhibitors) (eBioscience, San Diego, CA) at 37°, 5% CO,, for 3 hours. Thence cells were
phenotyped for CD3, CD4, CD25, CD8p, and NK1.1, fixed with Fixation Buffer
(Biolegend), and permeabilized with Permeabilization Wash Buffer (Biolegend).
Intracellular staining was performed with PE-IFN-y (XMG1.2) and PE-CTLA4
(UC10-4B9). Normal IgG isotype controls (Biolegend) were used as controls. Intracellular
transcriptional factor Foxp3 was stained by Alexa647-conjugated anti-Foxp3 (150D) by a
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Foxp3 staining set (eBioscience). Flow data was acquired using a flow cytometer FACS
Verse (BD Bioscience). Data were analyzed using Flow Jo software (Tree Star, Inc.,
Ashland, OR).

Pairs of 8 to 9-wk-old, female- and weight- (within 2 g) matched, wild type CD45.1 mice
and CD4~/"Tg CD45.2 mice were parabiosed [22, 23] with a modified procedure. In the
same manner, wild type CD45.1xCD45.2 mice and CD4™/~ CD45.2 mice were parabiosed as
control pairs, as the strategy summarized in Figure 4A. Briefly, mice were first anesthetized
by intraperitoneal injection of 1% pentobarbital sodium (Merck, Darmstadt, German) at a
dose of 10 pL per gram body weight. Once the mice were anesthetized, the skin was shaved
on the left side of one partner and the right side of the other partner, and sterilized with a
Betadine-soaked cotton ball followed by 75% alcohol wipes. A lateral incision was made
through the skin from the olecranon to knee joint of each mouse, thence the subcutaneous
fascia was dissected to create 0.5 cm of free skin. The olecranon and knee joints were
attached using 5-0 vicryl suture and the dorsal and ventral skins were closed by continuous
5-0 suture line. After surgery, 500 pL saline was administered subcutaneously to each mouse
to prevent dehydration, and the pairs were kept on a heated pad until recovery. To prevent
bacterial infections, mice were treated with Sulfamethoxazole (2 mg/mL)/Trimethoprim (0.4
mg/mL) oral suspension in water bottle for 1 week. Mice were sacrificed 4 weeks after
surgery.

Generation of Bone Marrow Chimeric Mice

Recipient mice (B6 CD45.1xCD45.2 F1) were fed sterile mouse chow and water containing
1 g/L ampicillin, 1 g/L metronidazole and 1 g/L neomycin beginning one week before
irradiation with 1100 rad y-ray. CD8~/~ CD45.1 and CD4~/"Tg CD45.2 donor mice were
used as bone marrow donors, as the strategy summarized in Figure 6A. Lineage positive
cells were depleted from bone marrow cell using a series of purified antibodies including a-
CD3 (17A2, Biolegend), a-B220 (RA3-6B2, Biolegend), a-CD11b (M1/70, eBioscience),
a-Gr-1 (RB6-8C5, eBioscience), a-TER119 (TER-119, eBioscience) and Sheep-a-Rat 1gG
Dynabeads. Bone marrow lineage negative cells were mixed at a 1:1 ratio (3x10°: 3x10°)
then transferred into recipients by intravenous injection within 24 hours after irradiation.
Control recipients were transferred with 3x10° purified lineage™ bone marrow cells derived
from CD4~/~Tg CD45.2 mice. Recipient mice were sacrificed 2 months after bone marrow
transplantation.

Cell Sorting and Regulatory T cell Suppression Assay

CD4* T cells from Foxp3CFP and Foxp3SFPTg mice were first enriched by anti-CD4
magnetic microbeads (Miltenyi Biotech, Germany), thence CD4*T cells were labeled with
PerCP/Cy5.5-conjugated anti-CD4 antibody, and conventional CD4*T cells were sorted as
CD4*Foxp3-GFP~, while Tregs were sorted as CD4*Foxp3-GFP* using a FACS Aria |
(Becton Dickinson, USA). The purity was confirmed to be greater than 95%. CD8* T cells
were purified from the splenocytes of Foxp3C¢FP and Foxp3¢FPTg mice, by anti-CD8
magnetic microbeads (Miltenyi Biotech, Germany) with purity greater than 90%.
Mitomycin-treated splenic cells were prepared as a source of antigen presenting cells
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(APCs) by labeling cells from Foxp3©FPTg mice with PE/Cy7-conjugated NK1.1 and PE-
conjugated CD4 and CD8, then sorted as NK1.1"CD4~CD8" cells followed by treatment
with 25 pg/ml Mitomycin C (Sigma, MO, USA) for 30 min at 37°C, and finally washed five
times with RPMI 1640 medium (Life Technologies, OR, USA) [24]. Purified splenic
conventional CD4* T cells and CD8" T cells from Foxp3¢FPTg and Foxp3C¢PF mice were
labeled with 1 uM Cell Trace Violet (Life Technologies, OR, USA). Tregs were co-cultured
with Cell Trace Violet labeled different effector cells (5x10%) at indicated ratios in the
presence of soluble anti-CD3 (1 pug/ml), anti-CD28 (1 pg/ml) and Mitomycin-treated splenic
cells (1x10). After a 72 hour co-culture, cells were stained with Propidium lodide Solution
(Biolegend, San Diego, CA) for 10 min to exclude dead cells, and T cell proliferation
assessed by Cell Trace Violet dilution. The proliferation index was defined as the ratio of
final cell count to initial cell number as previously described [25].

Tissue Histology

Immediately after sacrifice, liver tissues were fixed with 10% buffered formalin at room
temperature for 48 hours, then embedded in paraffin; liver tissues was cut into 4-um
sections. Liver sections were deparaffinized, stained with hematoxylin and eosin (H&E).
Histological scores were evaluated by “blinded” pathologist (K.T.). Firstly, the degree of
portal inflammation was evaluated and scored as previously described [26], briefly: 0,
normal liver histology, no inflammatory cells; 1, minimal inflammation, several
mononuclear cells; 2, mild inflammation, mild lympho-plasmycytic infiltration without
interface hepatitis; 3, moderate inflammation, mild lympho-plasmacytic infiltration with
interface hepatitis; and 4, severe inflammation, moderate-severe lympho-plasmacytic
infiltration with interface hepatitis. In addition, the degree of overall liver inflammation was
determined by the percentage of affected tissue within the total hepatic lobules per specimen
and coded as follows: 0, none, 1, 1%-10%; 2, 11-20%,; 3, 21-50%; 4, more than 50%.
Finally, a summary score that includes severity and frequency analysis was generated as the
sum of these scores. Second, bile duct damage was evaluated firstly by the degree of severity
in the most severe lesions as follows: 0, no significant changes of bile duct; 0.5, ;1, epithelial
damage (only cytoplasmic change); 2, epithelial damage with cytoplasmic and nuclear
change; 3, non-suppurative destructive cholangitis (CNSDC); 4, bile duct loss. The
frequency of bile duct damage was scored as follows: 0, none; 1, 1%-10%; 2, 11-20%; 3,
21-50%; 4, more than 50%. Finally, to integrate the evaluation, the scores of severity and
frequency were added together.

Antimitochondrial Antibodies (AMAS)

Serum AMAs were detected by ELISA with the recombinant E2 component of pyruvate
dehydrogenase (PDC-E?2), 2-oxo-glutarate dehydrogenase (OGDC-E2) and branched chain
2-0xo-acid dehydrogenase (BCOADC-E2) [8]. AMAs were also detected by
immunoblotting as described [27].

Statistical Analysis

Data are presented as the mean + standard deviation (SD). The significance of differences
was determined using a two-tailed unpaired t test or the Mann-Whitney U test in Graph Pad
Prism; the significance levels are noted * P <0.05; **P < 0.01; *** P < 0.001.
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Results

1. Absence of CD4"* T cells leads to severe aggravated cholangitis

In the absence of CD4* T cells, CD4~/~Tg mice exhibited more severe portal inflammation
(P=0.0017) and bile duct damage (P=0.03) (Figure 1A, B). Flow cytometry demonstrated
that although the total mononuclear cells number in CD4~/~Tg in liver, spleen and mLN was
statistically unchanged compared to Tg mice (Figure 2A), the total number of hepatic CD8*
T cells (NK1.1"CD3*CD8™") (P=0.045) and invariant natural killer T cells (P=0.005) were
increased (Figure 2B). The number of IFN-y* CD8" T cells increased significantly in
CD47/~Tg mice (P=0.047) (Figure 2C, D), but the frequency of IFN-y* cells in CD8" T cells
did not differ (P=0.59) (Figure 2C, D). In the spleen, both the percentage and total IFN-y*
CD8* T cells increased (P=0.016) (Figure 2C, D). Overall, these data suggest that loss of
CD4* T cells results in increased numbers of highly inflammatory CD8* T cells. To study
the direct interaction between Tregs and effector cells, i.e. non-Treg CD4* T cells and CD8*
T cells, Tregs from Foxp3©FP and Foxp3GFPTg mice were co-cultured with effector
responder cells /n vitro. Tg mice derived Tregs suppressed both CD4* conventional T cells
and CD8* T cells (Figure 3A), but reduced suppression compared to WT Tregs (Figure 3B).
These data collectively suggest that the CD8 mediated pathology in CD4™~Tg mice are
secondary to loss of the critical CD4 Treg subset.

2. Parabiosis of WT mice to CD47/~Tg mice successfully treats biliary disease

After parabiosis (Figure 4A) to WT mice, CD4~~Tg mice exhibited no biliary disease
(Figure 4B). Serum AMA levels in each parabiont were similar to CD4~/"Tg mice and
control WT mice (Figure 4C,D). Hence, introducing normal CD4* T cells reversed a
disordered immune system. Lymphocytes from liver after parabiosis were tested by flow
cytometry. Quantification of CD45 subsets confirmed that more WT leukocytes were found
in CD4~/~Tg liver, than CD4~/~Tg leukocytes in WT liver (Figure 5A). Further cell subset
analysis revealed that CD4~/~Tg -derived hepatic T lymphocytes and invariant NKT cells
were dramatically decreased in the HMNC of CD4~/~Tg mice, while CD4~/~ derived T cells
and iNKT cells demonstrated no decline in CD4~/~ hosts (Figure 5B). Indeed, WT
parabiont-derived CD4*CD25*Foxp3* Tregs were the main source of the entire Treg
fraction in the parabiosised pair, and the Treg frequency in CD4* T cells remained normal
(Figure 5C). Introducing wild type CD4* T cells, including Tregs, to CD4~/"Tg mice, led to
the deletion of over-reactive CD8* T cells, as well as the activation and capacity of cytokine
secretion of the remaining CD8* T cells were decreased (Figure 5D,E). Moreover,
CD47/~Tg mice derived B cells increased and became the most abundant lymphocyte
subpopulations derived from CD4~/~Tg mice.

3. Mice reconstituted with BM from both CD4~/"Tg and CD8™/~ mice are significantly
protected from cholangitis

We should emphasize that to avoid the effect of WT CD8* T cells in chimeras, CD87/~
CD45.1 mice were used and lineage negative bone marrow mixed in equal proportion using
bone marrow cells from CD4~/~Tg CD45.2 mice. Single BMT control groups received
CD47"Tg CD45.2 hone marrow. Congenic CD45.1&CD45.2 mice served as recipients, as
shown in Figure 6A. Recipients of CD4~/~Tg alone developed more severe portal
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inflammation (P=0.002) and a relatively higher incidence of bile duct damage (56%: 33%),
compared with recipients of mixed bone marrow (Figure 6B,C). Further phenotypic and
functional analysis of mixed bone marrow chimeric mice (Figure 7A) demonstrate that total
hepatic mononuclear cells, (P=0.0203) (Figure 7B), T cell number (P=0.0096) and
terminally differentiated CD8" effector memory T cells (P=0.030) from mixed BMC mice
were all less than single BMC mice (Figure 7C). Natural killer cells (P=0.0087) and B cells
(P=0.0045), derived from CD4~~Tg mice in mixed BMC mice were also less than single
BMC mice (Figure 7C). Importantly, bone marrow-derived cells from CD8~/~ CD45.1 mice
induced normal frequency of CD4*Foxp3™ Tregs in CD4™ T cells reconstitution, and Tregs
also expressed conventional Tregs surface markers such as CD25, cytotoxic T lymphocytes-
associated antigen (CTLA-4, CD152) and glucocorticoid-induced tumor necrosis factor
receptor (GITR) (Figure 7D). These data suggest that normal CD4* T cells could rescue an
ongoing autoimmune cholangitis.

Discussion

We report herein successful treatment of established autoimmune cholangitis, both by
parabiosis and generation of chimeras. Indeed, it is the Treg fraction of the CD4 population
that mediates these effects. This conclusion is supported not only by the /n vivo histology,
but also by the /in vitro suppression assays. For example, we note that there is decreased
suppressive activity of Tregs derived from Tg mice directed at both CD4 and CD8
conventional T cells, as compared with WT Tregs. These data are consistent with our recent
analysis of Tregs at the level of both transcription and pathway analysis [28]. We should also
note that although Tregs derived from Tg are compromised, they still retain some
suppressive function.

We used parabiosis to generate circulating chimeras of CD4~/~Tg mice and WT mice, so as
to investigate whether introducing normal leukocytes from WT mice would reverse the
established immune disorder in CD4~/~Tg mice. Introducing normal CD4 T cells into
CD47/~Tg mice may also give rise to the Tregs fraction in liver. After parabiosis, CD4™"Tg
mice recovered from biliary disease. Our most important observation was the decrease of
CD47/=Tg host derived activated CD8" T cells. This data reveals that wild type leucocytes
reversed inflammation in CD4~/~Tg mice. Another feature in our parabiosis model was the
dramatic decrease of hepatic resident cells, i.e. INKT and NK cells in liver. Further studies
should focus on how the inflammation response changes the micro-environment of liver.

Next we determined whether adding back WT CD4* cells into CD4~/~Tg mice was
sufficient to reverse an established immune. In mixed chimeric mice, compared to single
BMC CD4~/~Tg recipients, there were fewer effector CD8* T cells, especially terminal
differentiated KLRG1* CD8* T cells. This data is in accordance with our previous work,
which showed mixed Tg and wild type bone marrow chimeric mice were protected from
cholangitis compared to Tg single bone marrow chimeras [20]. The present work, however,
focused on excluding the influence of Tg mice derived Tregs and non-Treg conventional
CD4* T cells. Terminal differentiated KLRG1* CD8* T cells are enriched in antigen specific
cells [29-31]. Limiting the CD8* T cell repertoire to ovalbumin (OVA) in Tg mice (OT I-
Tg-RAG17") demonstrates the existence of auto antigen specific CD8* T cells in Tg mice
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[15]. Thus, there is the attractive possibility that regulatory T cells from wild type mice
alleviates biliary disease by limiting the differentiation of autoantigen specific CD8* T cells.
Future studies should also focus on antigen specific CD8* T cell subpopulations and the
likelihood that there truly exists regulatory specific T cells. We also suggest that cholangitis
in this model involves a responder cell related suppressive pathway that is partially
independent of TGFp signaling. These data have implications for human patients with PBC.
Firstly, although defects in T regulatory cells have been demonstrated in a variety of
autoimmune diseases, there is a paucity of data on the specific pathways involved and the
likelihood of antigen-specific defects. Second, the data suggests that in an antigen-specific
autoimmune disease, improvement of Treg function would have clinical application even in
hosts with established disease.

Conclusion

CD4 deficiency in Tg mice led to more severe biliary disease, and adding back wild type
CD4* T cells, containing Tregs, by bone marrow transplantation or parabiosis extenuated the
biliary disease. These results demonstrated that normal CD4* T cells from a healthy donor
can act therapeutically on established PBC.
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Figure 1. CD4 deficient Tg mice developed more severe cholangitis
(A) HE-stained liver sections of wild type B6, Tg and CD4~/"Tg mice at 14 to 16 weeks of

age demonstrated portal tract inflammation and bile duct damage. (B) Scores of bile duct

damage and portal inflammation in Tg mice (blank circle, N=7) and CD4~/~Tg mice (filled
circle, N=11). Each symbol represents one mouse; small horizontal lines indicate the mean.
*P <0.05, **P <0.01 as determined by the Mann-Whitney U test.

J Autoimmun. Author manuscript; available in PMC 2016 April 12.

(N=13)



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Yang et al.

Cell Num (X10¢) >

—_
m
-

Cell Num (X105)

G}

Tg

CD4"Tg

Page 12

o wr HTg A CD4'Tg
Hepatic MNC Splenic MNC mLN MNC
50 300 80
* 'y — ns —_ *
= = * S 60 | '
A 3 200- X ns A
304 ns — ns L |
l_ n
' A g 2 g 40- ;
20.
”‘_ : T g 100+ e .:l %:T § " I :' e
I A aj 2 Aa
104 Sy ‘:A‘ 8 '.—'" ™ A“ 8 ™ ML 1:‘
e L E—— ol — . : ol—* r ?‘
Hepatic B Cell Hepatic CD8 T Cell Hepatic iNKT
40 50 50
* * *
1 — 1 — 1
* ns i S 404 i S 404 ns * A
ot I I | S X 7 s
A A
= 301 L = 304 i
= I - R R
= N 204 Laa 204 AL
10 - I § e z 2
| A, COETE . Ay COETE . At
o : A (&) A
| e “un A ol -eyme- 'l: “l = -I: &
CD8ap* T cells (D) | wr M Ty B CD4'Tg
Livie :Spleen Liver Spleen
| 80 - 100
i ] ! = s IL*I
, | = 60- T 2% & !
! - = —
u b & - 60
7 el 27.0| | e 101 B 40 a
S— Q Q
% i
£ & 20
c L} Ll G Iﬁ L
15 40 o
b | u"‘-"‘ *kk Il"l-‘
. 55.6) | g —=— | & :
v " > = >¢ 30+ *
i - 10- o
l ) & *
i a o 204
] o o
S 54 = S
1 = NN = 10-
w L
e e 0- 0 r.:‘l T

IFN-y

Figure 2. CD4 deficient Tg mice develop more pathogenic CD8 T cells than Tg mice
(A) The absolute number of mononuclear cells of liver, spleen and mesenteric lymph nodes

from wild type (N=4), Tg (N=7) and CD4~~Tg mice (N=11). (B) The absolute number of B
cells (CD19%), CD8 T cells (NK1.1"CD3*CD8*) and invariant natural killer T cells (a-
Galcer-CD1d-Tetramer*CD3") in liver from Tg (N=7) and CD4~/~Tg mice (N=11). Each
symbol represents one mouse; small horizontal lines indicate the mean. (C) Mononuclear
cells from liver and spleen were stimulated with PMA and ionomycin for 3 hours in the
presence of Golgi stop reagent. Secreted IFN-y was assessed by flow cytometric analysis.
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(D) Frequency of IFN-y* cells in CD8 T cells (upper panel) and total IFN-y* CD8 T cells
numbers (lower panel) in liver and spleen from wild type (N=4), Tg (N=7) and CD4/"Tg
mice (N=11). Data are representative of two independent experiments with similar results.
*P <0.05, **P <0.01 and ***P <0.001 as determined by Student Test.
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Figure 3. Tg-derived Tregs have impaired suppressive function in vitro

DN NN
t. A A oA
S RN
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In vitro proliferation of responder T cells (CD4* Foxp3~ conventional cells, non-Tregs
CD4* T, and CD8* T cells from the spleen of WT and Tg mice, respectively) co-cultured at
various ratios (horizontal axis in (B)) for 72 hour with Tregs sorted from splenocytes of
Foxp3CGFF and Foxp3®FPTg mice, assessed as the dilution of Cell Trace Violet. (A)
Representative flow cytometry profiles are shown, the ratio of Tregs to responder cells is 1
to 4. (B) Reprehensive the proliferation index at graded cultured ratio, white circles
represented WT-Treg co-cultured with responder cells, black square represented Tg-Treg co-
cultured with responder cells. Data are representative of two experiments. *P <0.05 as

determined by Student Test.
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Figure 4. Parabiosis of CD4'/‘Tg mice to WT mice attenuates biliary disease
(A) Parabiosis strategy: Ly5.2*CD4~/~Tg mice were parabiosised to congenic Ly5.1*WT

mice (N=4). Ly5.2*CD4~/~ mice parabiosised with congenic Ly5.1&Ly5.2*WT mice served
as controls (N=4). 4 weeks after surgery, the livers and spleens of parabiotic mice were
harvested for both histopathology and flow cytometry. (B) Representative H&E analysis of
liver tissue sections from Ly5.1*WT mouse and Ly5.2*CD4~/~Tg mouse parabiotic pair (left
two panels), Ly5.2*CD4~/~ mice and Ly5.1&Ly5.2*WT parabiotic pair (right two panels).
(C) Serum anti-PDC-E2 (left panel), anti-OGDC-E2 (middle panel), anti-BCOADC-E2
(right panel) antibodies from parabionts of CD4~/~Tg (black filled diamond) with WT mice
(empty diamond), CD4~/~ (black filled triangle) with WT mice (empty triangle) were
detected by ELISA. Non-parabiotic free 16 week-old CD4~/~Tg (black circular), Tg (empty
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circle) and WT mice (empty quadrate) served as controls. Serum samples were diluted 1:20.
Horizontal bars represent median value. **P <0.01 as determined by the Mann-Whitney U
test. (D) Levels of anti-PDC-E2 antibodies in serum from parabionts of CD4~~Tg and WT
mice, CD4™/~ and WT mice were tested by immunobloting after four weeks of parabiosis;
along with non-parabiotic free age-matched CD4~/~Tg (with repeats), Tg and WT mice
served as controls. Serum samples were diluted 1:100.
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Figure 5. CD4'/‘Tg derived CD8" T cells dramatic reduced after parabiosis to WT mice
(A) Representative dot plot of gated on hepatic mononuclear cells in liver (Ly5.1*, Ly5.2* or

Ly5.1&Ly5.2%) from 4 pairs of parabiotic mice. (B) Hepatic lymphocyte subpopulation
distribution were determined by flow cytometry. The frequency of CD8" T cells (CD3*
NK1.1~ CD8a*), CD4 T cells (CD3* NK1.1~ CD4*), NK (CD3~ CD1d-tetramer™ NK1.1*),
invariant NKT cells (CD3* CD1d-Tetramert NK1.1*), B cells (CD3~ NK1.1~ CD19%) in
total hepatic mononuclear cells from different parabionts. (C) Representative flow cytometry
profile of CD25*Foxp3* or GITR*Foxp3* Treg in CD4* T cells in Ly5.1*WT mice or
Ly5.1&Ly5.2*WT mice parabionts. (D) Frequency and the total number of IFN-y+ cells in
CD8 T cells in liver from CD4-/-Tg mice (N=7) and parabiotic CD4-/-Tg mice (N=4). (E)
Frequency and the total number of CD8 T cells subsets in liver from from CD4-/-Tg mice
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(N=7) and parabiotic CD4-/-Tg mice (N=4). *P <0.05, **P <0.01 and ***P <0.001 as
determined by Student Test.
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Figure 6. Mixed BMT mice had reduced autoimmune biliary disease compared with single
CD47"Tg BMT mice

(A) Bone marrow transplantation strategy: 3x10° lineage negative donor derived bone
marrow cells were transplanted into 1100 rad y-ray irradiated congenic mice. Two months
later, mice were sacrificed. (B) Representative H&E analysis of liver tissue sections from
CD4~/~Tg single BMT chimeric mice, CD8~/~ and CD4~/"Tg mixed BMT chimeric mice
and CD87/~ single BMT chimeric mice. (D) Scores of bile duct damage and portal
inflammation in CD4~/~Tg single BMT chimeric mice (blank circle, N=9), CD4~/~Tg mixed
BMT chimeric mice (filled circle, N=12). CD8~/~ single BMT chimeric mice were also
tested, and had no pathology. Each symbol represents one mouse; small horizontal lines
indicate the mean. Only the degree of bile duct damage and portal inflammation were
evaluated and scored. *P <0.05, **P <0.01 as determined by the Mann-Whitney U test.
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Fi_gure 7. Hepatic mononuclear cell subsets of mixed BMT mice and CD4‘/‘Tg mice single BMT
mice

(A) Gating strategy used in FACS analysis. Left panel indicates the average frequency from
two donors. NK (TCR-"NKZ1.1%) reflect natural killer cells, NKT (TCR-*NK1.1*) reflect
natural killer T cells, TC (TCR-B*NK1.17) reflect T cells. CD44*CD62L" T cells were
defined as effector memory T cells (Tem). KLRG-1" Tem cells were defined as short lived
effector CD8* T cells (SLEC). (B) Total hepatic lymphocytes number in recipient mice that
received mixed bone marrow and single CD4~/~Tg mice derived bone marrow. (C)
Representative total cell number of CD4~/"Tg mice derived NK cells, NKT cells, B cells, T
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cells, effector memory CD8 T cell, Short lived effector T cells (KLRG-1* CD8 Tem cells) in
mixed BMT mice and single BMT mice were assessed by FACS. (D) Flow cytometry
profiles of CD25, CTLA4, GITR on CD4*Foxp3* Tregs from Ly5.1*CD8~/~ mice in the
livers and spleens of mixed bone marrow chimeric mice. Numbers in graphs present mean +
SD. *P <0.05, **P <0.01 as determined by Student Test.
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