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Supplementary Materials and Methods

Mice

C37BL/6 and BALB/c mice were purchased from
Japan SLC (Shizuoka, Japan), and PD-17~ and RAG-27~
mice on a C57BL/6 or BALB/c background were generated
as described.'™ All of these mice were bred and housed
under specific pathogen-free conditions. Thymectomy and
splenectomy of the mice were performed as described.*®
The sham splenectomy was performed by cutting the
peritoneum without removing the spleen. All mouse
protocols were approved by the Institute of Laboratory
Animals, Graduate School of Medicine, Kyoto University.

Administration of DEX In Vivo

For the preventive protocol, starting 1 day after
thymectomy, BALB/c-NTx-PD-17" mice were intraperito-
neally injected every other day with 1.0 mg/kg DEX
(Sigma-Aldrich, St Louis, MO) diluted in PBS or PBS
alone. After 13 injections, mice at 4 weeks of age were
killed, and the livers, spleens, and sera were harvested. For
the therapeutic protocol, starting 14 days after thymec-
tomy, BALB/c-NTx-PD-17" mice were intraperitoneally
injected every other day with 1.0 mg/kg DEX diluted in
PBS or PBS alone. In C57BL/6-NTx-PD-17" mice, thera-
peuric injections of 0.5 mg/kg DEX every other day were
started at 4 weeks of age. After the indicated injections, the
mice were killed.

Histological and Immunobistological Analysis

Organs were fixed in neutral buffered formalin and
embedded in paraffin wax. Sections were stained with
H&E or Masson’s trichrome for histopathology. Fluores-
cence immunohistology was performed on frozen sections
as described previously** using fluorescein isothiocyanate
(FITC)-conjugated anti-CD4 (RM4-5), ant-CD8a (Ly-2)
(eBioscience, San Diego, CA), peanut agglutinin (PNA;
Vector Laboratories, Burlingame, CA), and biotin-labeled
anti-B220 (RA3-6B2; BD Biosciences, San Jose, CA) fol-
lowed by Texas Red-conjugated avidin (Vector Labora-
tories). To detect autoantibodies, livers were collected
from wild-type BALB/c and CS7BL/6 mice. Sections were
stained with 100x to 3200 diluted sera from indicated
mice, followed by FITC-conjugated anti-mouse IgG
(Cappel, Chester, PA).*

Flow Cytometry Analysis and Isolation

of Lymphocytes

Single cells from the livers and spleens were pre-
pared as described.** The following monoclonal anti-
bodies were used for surface staining: FITC-conjugated
anti-CD4, ant-CXCRS (2G8), anu-GL7, ant-CDllc
(HL3) (BD Biosciences), and ant-DXS (eBioscience);
PE-conjugated anti-CD3e (145-2C11), and-ICOS, and
anti-Gr-1 (RBG6-8C3) (eBioscience); anti-CD95/Fas (Jo2)
(BD Biosciences); APC-Cy7-conjugated anti-CD4 (GK1.5)
and biotin-labeled B220 (BD Biosciences); and APC-
conjugated streptavidin, anti-CD8a, anti-CD2S (PC61.5),

THERAPEUTIC EFFICACY OF SPLENECTOMY FOR AIH 12e1

and anti-CD11b (M1/70) (eBioscience). For flow cyto-
metric analysis of splenic CD4™ T cells in Figure 2C and
Supplementary Figure 64, spleen cells were stained with
FITC/anti-CXCRS, PE/anti-ICOS, and APC-Cy7/anti-
CD4. To analyze splenic B220™ B cells in Figure 4B, cells
were stained with FITC/anti-GL7, PE/anti-CD95/Fas, and
biotin-labeled B220 followed by APC-conjugated strepta-
vidin. Dara of flow cytometric analysis in Figure SE and F
represent cell numbers of the following cell subsets in the
liver: CD11b"CD11c” macrophages, CD11c* dendritic
cells, CD11b"Gr-1" myeloid cells, CD3"DXS" natural
killer cells, CD3"DX5™" natural killer T cells, CD3"DX5™
T cells, B220" B cells, CD37CD4" T cells, and
CD3*CD8" T cells. For the analysis of TCR V4 use in
Figure GF, cells were stained with FITC/anti-V42 (B20.6),
anti-Vg3 (KJ25), anti-Vg4 (KT4), anti-Vg5.1 and Vg5.2
(MR9-4), anti-V46 (RR4-7), anti-Vs7 (TR310), anti-Vg8.1
and V8.2 (MRS-2), anti-V8.3 (IB3.3), anti-V59 (MR10-2),
anti~V§10b (B21.5), anti-Vg11 (RR3-5), anti-V12 (MR11-1),
anti-Vs13 (MR12-3), anti-Vgl4 (14-2), ant-Vg17* (KJ23),
PE/anti-CD3e, and APC-Cy7/anti-CD4 for CD4™ T cells
using the Mouse Vg TCR Screening Panel (BD Biosciences).
Stained cells were analyzed with a FACSCanto II (BD
Biosciences). Data were analyzed using CellQuest Pro
(BD Biosciences). Dead cells were excluded on the basis of
side- and forward-scatter characteristics, and viable cell
numbers were calculated as follows: (Percentage of Cells in
the Cell Type) x (Number of Viable Cells). For 7-AAD
staining in Figure 2D, single cells were isolated from the
spleens of 3-week-old BALB/c-NTx-PD-17" mice injected
with DEX therapeutically. Isolated spleen cells (1 x 10°)
were cultured with 10-1000 ng/mL DEX under plate-
bound and-CD3 (1 ug/mL) and soluble anti-CD28
(5 ng/mL). Round-bottomed 96-well culture plates were
used with Dulbecco’s modified Eagle medium supple-
mented with 10% fetal bovine serum, 50 mmol/L
2-mercaptoethanol, 100 U/mL penicillin, and 100 pg/mL
streptomycin. Three days after the culture, cells were
harvested and stained with FITC-conjugated anti-CD3e
(eBioscience) and 7-AAD (BD Biosciences) and either PE/
Texas Red-conjugated anti-CD4 (Abcam, Cambridge, En-
gland) or PE/Texas Red-conjugated anti-CD8 (Abcam). In
Foxp3 staining, cells were fixed and permeabilized using
Foxp3 staining buffer (eBioscience) and stained with PE/
anti-Foxp3 (eBioscience).

ELISA

Serum Ig levels were determined by ELISA as
described,” and antibody sets to detect mouse IgGl,
IgG2a, IgG2b, and IgG3 (BD Biosciences) and anti-mouse
IgM (AbD Serotec, Oxford, England) were used. To detect
serum ANAs, microtiter plates (Nunc, Roskilde, Denmark)
were incubated with 10 ug/mL antigen, and the nuclear
fraction was prepared from normal liver.® Antibody sets to
detect mouse ANA subclasses were the same as previously
described. Serum concentrations of TNF-« and interferon
gamma were measured with mouse cytokine ELISA sets
(eBioscience) according to the manufacturer’s protocols.
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Isolation of Lymphocytes and Adoptive Transfer

For transfer of total spleen cells, BALB/c-NTx-
PD-17" mice at 14 days after thymectomy were intra-
peritoneally injected every other day with or without
1.0 mg/kg DEX diluted in PBS. Single cells were isolated
from the spleens of 3-week-old mice. Isolated spleen cells
(1 x 107) were intravenously injected into RAG2™~ recip-
ient mice on a BALB/c background at 4 to 6 weeks of age.
To transfer CD4" T cells or CD4™ T cell-depleted spleen
cells, 3-week-old BALB/c-NTx-PD-1~ mice were thera-
peutically injected with DEX. Cells were prepared using
mouse CD4 microbeads (Miltenyi Biotec, Bergisch Glad-
bach, Germany) according to the manufacturer’s pro-
tocols. Purity was assessed by flow cytometry. CD4™ T cells
were purified to reach >90% purity, and CD4™ splenocytes
reached >99% purity. Isolated cells (1 x 10°) were intra-
venously injected into BALB/c-RAG2”™ mice at 4-6 weeks
of age.

For transfer of CD4" T cells from C57BL/6-PD-17~
mice, CD37CD4™ T cells were prepared from the spleens
of 8-week-old CS7BL/6-PD-17~ mice with or without
NTx obtained using a FACSAria II. Isolated CD37CD4™
T cells (1 x 10°) were intravenously injected into CS7BL/
6-RAG2”" recipient mice at 4 to 6 weeks of age. For
transfer, CD47"CD25" Tregs were purified from the
spleens of 8-week-old CS7BL/6-PD-17~ mice. Tregs were
obtained using a FACSAria II and isolated with a
CD47CD25™ T cell to reach >99% purity. Tregs (1 x 10°)
were intravenously injected into CS7BL/6-NTx-PD-17~
mice at 4 weeks of age. Four weeks after transfer, the
recipient mice at 8 weeks of age were killed.

HAI Score

Histological acrivity of chronic active hepatitis was
assessed according to a semiquantitative scoring system,
as described previously for humans.’ For histological
assessment, all specimens were reviewed in a blinded
manner by at least 2 hepatologists. Using Knodell’s HAI
scoring system, liver specimens were graded in 4 cate-
gories. Category I, periportal and/or bridging hepatocel-
lular necrosis, was graded from 0 to 10, where 0 = none,
1 = mild piecemeal necrosis, 3 = moderate piecemeal
necrosis (involves less than 50% of the circumference of
most portal tracts), 4 = marked piecemeal necrosis (in-
volves more than 50% of the circumference of most portal
tracts), 5 = moderate piecemeal necrosis plus bridging

GASTROENTEROLOGY Vol. m, No. m

necrosis, 6 = marked piecemeal necrosis plus bridging
necrosis, and 10 = multlobular necrosis. Category II,
intralobular degeneration and focal hepatocellular necro-
sis, was graded from 0 to 4, where 0 = none, 1 = mild
(acidophilic bodies, ballooning degeneration, and/or
scattered foci of hepatocellular necrosis in less than one-
third of lobules or nodules), 3 = moderate (involvement
of one-third to two-thirds of lobules or nodules), and 4 =
marked (involvement of more than two-thirds of lobules
or nodules). Category III, portal inflaimmation, was graded
from 0 to 4, where 0 = no portal inflammation, 1 = mild
(sprinkling of inflammatory cells in less than one-third of
portal tracts), 3 = moderate (increased inflammatory cells
in one-third to two-thirds of portal tracts), and 4 =
marked (dense packing of inflammartory cells in more than
two-thirds of portal tracts). Category IV, fibrosis, was
graded from 0 to 4, where 0 = no fibrosis, 1 = fibrous
portal expansion, 3 = bridging fibrosis (portal-portal or
portal-central linkage), and 4 = cirrhosis.
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Supplementary Figure 1. Either preventive or therapeutic injection of DEX suppresses fatal AlH in BALB/c-NTx-PD-1 “~ mice. (A) Starting 1 day
after thymectomy, BALB/c-NTx-PD-1~"~ mice were intraperitoneally injected every other day with 1.0 mg/kg DEX diluted in PBS (n = 5) or PBS alone 1690
(n = 17). After 13 injections, mice at 4 weeks of age were killed and sera were harvested. Serum levels of the liver transaminases AST and ALT are a1 691

shown. (B) Starting 14 days after thymectomy, NTx-PD- 77~ mice were intraperitoneally injected every other day with 1.0 mg/kg DEX diluted in PBS 1692
(n = 11) or PBS alone (n = 13). After 6 injections, mice at 4 weeks of age were killed. Serum levels of AST and ALT are shown. Bars indicate the mean 1693
of each group, and the error bars indicate 3D. *P < .05. 1694
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Supplementary Figure 4. Splenectomy overcomes therapeutic insufficiency of corticosteroids and induces prolonged remission of AlH in BALB/ 122?
c-NTx-PD-1"" mice. Starting 14 days after thymectomy, BALB/c-NTx~PD-1~" mice were intraperitoneally injected every other day with 1.0 mg/kg
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1886 (green) and biotin-labeled anti- .
1887 B220 followed by Texas Red-
1888  conjugated avidin (red). All scale

1889 bars = 100 um.
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Supplementary Figure 6. Adult C57BL/6-NTx—PD-7~"" mice with increased numbers of splenic Try cells develop chronic hepatitis. (4) Flow
cytometric analysis of splenic CD4™ T cells in C57BL/6-PD-17" mice with or without NTx at indicated ages. The cells were stained with FITC/anti-
CXCRS, PE/anti-ICOS, and APC-Cy7/anti-CD4. The numbers in plots indicate the percentage of cells in each gate in the CD4™ T-cell population. (B)
Histological findings from the livers of 6-week-old C57BL/6-PD-17" mice with or without NTx. In contrast to mice without NTx, those with NTx
showed dense packing of inflammatory cells marked in portal branches (black arrowhead). Scale bars = 100 um. (C) Knodell's HAI score for livers in

8-wesk-old C57BL/6—PD-17" mice with {n = 10) or without NTx (n = 10). HAI score is graded in 4 categories: |, periportal and/or bridging necrosis;
Il, intralobular degeneration and focal hepatoceliular necrosis; lll, portal inflammation; and IV, fibrosis. All are described in Supplementary Materials
and Methods.
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_ spleen, liver, and mesenteric
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+ MLN  old C57BL/6-PD-1"" mice with
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FLA 5.1.0 DTD m YGASTS58321_proof m 16 May 2013 ® 1:54 am W ce

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078



2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136

web 4C/FPO

m 2013

- - M
o o »u O

Treg cell number (x10%)

.

NTx—4+—+

THERAPEUTIC EFFICACY OF SPLENECTOMY FOR AIH 12.e7

C57BL/6
PD-1++

CD4*CD25" CD4*CD25*
6.1 ] 6.

C57BL/6 PD1KO

A 4

SSC

Foxp3 Foxp3

C57BL/6 PD1KO

NTx

Treg

V

S, S
Birth D3

PBS

4wk

sacrifice . —

8wk

C57BL/6 PD1KO Spleen
Treg

IU/L

—C57BL/6 PDTKO NTx+

HAIl score
- ey
® N o
*

=

o

2]
aa]

o
=
o

=

C57BL/6
PD1KO NTx+

Supplementary Figure 8. Transfer of Tregs has therapeutic efficacy for chronic AlH in C57BL/6-NTx—PD-17" mice. (4) Flow cytometric analysis of
Tregs in the liver from the indicated mice at 6 weeks of age. The cells were stained with FITC/anti-CD4, PE/anti-CD3, and APC/anti-CD25. The
numbers of CD37CD4*CD25" Tregs were calculated as follows: (Percentage of Cells in the Cell Types) x (Number of Viable Cells). Data shown
are from one of 3 separate experiments. (B) Flow cytometric analysis of CD4*CD25™ T cells in the spleen from the 8-week-old C57BL/6-PD-1~" or
PD-1** mice. The cells were isolated from the spleen and stained with FITC/anti-CD4, APC/anti-CD25, and PE/anti-Foxp3. Filled histograms
represent staining of CD47CD25 T cells with Foxp3, and open histograms represent the isotype control. Data represent one of 5 experiments.
The numbers in histograms indicate percentages of Foxp3™* cells in viable CD4*CD25" T cells. (C-E) For transfer of Tregs, 1 x 10° of Tregs
were prepared from 8-week-old C57BL/6-FD- 17~ mice. Four-week-old C57BL/6-NTx-PD-1~" mice were intravenously injected with 1 x 10° Tregs

(n = 5) or PBS (n = 5). Recipient mice were analyzed at 8 weeks of age. (C) Histological findings of the liver. Scale bars = 100 pm. (D) Serum levels of

the liver transaminases AST and ALT. (E) Knodell's HAI score. Bars indicate the mean of each group, and the error bars indicate SD. *P < .05. n.s.,

not significant.
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Supplementary Figure 9. Therapeutic injections of DEX suppress
chronic AIH in C57BL/6-NTx-PD-17" mice. Intraperitoneal injections of
DEX (n = 5) or PBS (n = 5) were started at 4 weeks of age in C57BL/
B-NTx~PD-1"" mice. After 14 injections every other day at 8 weeks of
age, mice were killed and examined. Serum levels of the liver trans-
aminases AST and ALT are shown. Bars indicate the mean of each
group, and the error bars indicate SD. *P < .05.
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Supplementary Figure 10. The spleen is the induction site of chronic
AH in C57BL/6-NTx-PD-17"" mice, and splenectomy suppresses
chronic AIH. (A and B) C57BL/6-NTx-PD-17~ mice underwent a sple-
nectomy (NSplx, n = 5) or a sham operation (n = 5) at 1 day after NTx
and were analyzed at 8 weeks of age. (C and D) Four-week-old C57BL/
6-NTx-PD-17" mice underwent a splenectomy (Splx, n = 5) or a sham
operation (n = 5) and were analyzed at 8 weeks of age. (A and C) Total
HAI scores for livers were as described in Supplementary Materials and
Methods. (B and D) Serum levels of the liver transaminases AST and ALT
are shown. Bars indicate the mean of each group, and horizontal short
bars indicate SD. *P < .05. n.s., not significant. Scale bars = 100 pm.
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Supplementary Table 1. Incidence of Autoimmunity in Various Organs of C57BL/6 PD1KO Mice With or Without NTx
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Mice CE7BL/6 PDL1KO NTx+ C57BL/6 PD1KO NTx—

Age (Month) ~1M 1~2M 2~3M 3M~ ~1M 1~2M 2~3M 3M~
(Total number) (n=14) (n=19) (n=15) (n=12) (n=12) (n=15) (n=16) (n=16)
Hepatitis 6 (42.9%) 16 (84.2%) 15 (100%) 12 (100%) 0 (0%) 0 (0%) 0 (0%) 2 (12.5%)
Sialoadenitis 0 (0%) 9 (47.4%) 5 (33.3%) 4 (33.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pancreatitis 0 (0%) 7 (36.8%) 4 (26.7%) 2 (16.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Myocarditis 0 (0%) 3 (15.8%) 2 (13.3%) 2 (16.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Nephritis 0 (0%) 2 (10.5%) 2 (13.3%) 2 (16.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Gastritis 0 (0%) 0 (0%) 0 (0%) 1 (8.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Enteritis 0 (0%) 0 (0%) 0 (0%), 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pneumonitis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

The tissues of various organs in C57BL/6 PD1KO mice with or without NTx at the indicated ages (n = 12~19 in each group) were evaluated his-
tologically. Incidence was determined by inflammation characterized by slight infiltration of mononuclear cells in the organs by lymphocytes.

Supplementary Table 2. Survival Rate With or Without
Splenectomy

C57BL/6 PD1~"NTx+ Spix 6 week

Mice
Splenectomy + —
Total number n=238 n=16
Survival rate at 20 weeks of age 8 (100%) 16 (100%)
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