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Abstract: Hepatitis occurs in critical ill patients with bad morbidity and mortality. It is known that imbalance of
Th1 and Th2 lymphocytes differentiations plays a key role in its mechanisms. Recent studies indicated that type
1 membrane glycoprotein CD200 serves as co-inhibitory molecule, negatively regulating the immune response. In
regard of this, we used Concanavalin A (Con A) induced liver injury model to research the effect of CD200 on the
differentiation of CD4* T lymphocyte and found that the expression of CD200 on CD4* T was significantly higher
in hepatitis mouse. The apoptosis of CD4* T cell in Con A induced liver injury was significantly attenuated by anti-
CD200. The concentration of solube IL-2 and IFN-y was reduced by anti-CD200, in addition, the expression of T-bet,
GATA3 and FoxP3 mRNA were all attenuated by anti-CD200. The phosphorylation of SH-2 containing inositol 5’
polyphosphatase 1 (SHIP1) was significantly increased in Con A induced liver injury and reduced by anti-CD200. We
hypothesized that, anti-CD200 inhibited the phosphorylation of SHIP1, the expression of T-bet, GATA3 and FoxP3

mRNA and CD4* T differentiation to protect the liver from autoimmune hepatitis.
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Introduction

Hepatitis is a chronic disease that impacts on
morbidity and mortality of patients. Autoimmune
hepatitis (AlIH) is a rare liver disease caused by
an auto-reactive immune response against the
patient’'s own liver [1]. AIH may start with an
episode of acute hepatitis but usually runs a
chronic course. A proportion of patients are
kept at an individualized low dose maintenance
therapy or even with liver transplanted. In
studying AlH, Con A induced hepatitis is a well-
established mouse model of immune-mediated
liver injury [2], in addition, the model is well-
established for investigating T cell dependent
liver injury in mice, which closely mimics the
pathogenic mechanisms and pathological
changes of patients with AIH [3, 4]. The Con A
administration could provoke T cells activated
and result in production and secretion of series
of inflammatory cytokines which will exacer-
bate the recruitement and activation of immune

cells infiltrating, leading to severe hepatitis [5].
CD200 is a type-1 transmembrance with potent
immunosuppressive function through interac-
tion with its receptor, which had been found in
several autoimmune or inflammatory associat-
ed disorders and diseases [6]. It had been
reported that CD200 played an important role
in regulating immune tolerance and inflamma-
tory responses [7, 8]. Therefore, the aim of the
present study was to investigate the immuno-
modulatory effect of CD200 and explore its
potential mechanisms in the murine model of
Con A induced hepatitis.

Material and methods
Chemicals and reagents

CD200 and anti-CD200 were purchased from
Shanghai Wanyi Medicine Science and Techno-
logy Development Co., Ltd. (Shanghai, China).
Con A was purchased from Solarbio Corpora-
tion (Beijing, China). All of the other chemicals
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and reagents were standard commercially
available biochemical quality. Deionized water
was purifed with a Milli-Q purifcation system
and was used to prepare all solutions.

Animals

C57BL/6 male mice (aged 6-8 weeks; 20-25 g)
were obtained from the Animal Experimentation
Center of Fudan University (Shanghai, China).
Mice were housed under specifc pathogen-free
condition and provided a standard laboratory
chow and water freely one week before ex-
periment. All experiments were performed in
accordance with the guidelines of Institutional
Animal Ethics Committee of Fudan University
(Shanghai, China).

Experimental design

Mice were administrated with normal saline
(100 L) or anti-CD200 (5 pg/kg, 100 uL)
through the tail vein according to the groups,
following a dose of Con A (20 mg/kg, 100 pL)
intravenously in Con A group and anti-CD200
group 1 h later, respectively. The protocol meth-
ods and the antibody of anti-CD200 were car-
ried out following previous studies [9]. All dos-
ages were determined by preliminary experi-
ments. Blood and liver tissue were harvested
12 h after Con A administration.

Liver function and cytokines assay

Twelve hours after Con A administration, mice
were anesthetized by sevoflurane and blood
was collected via cardiac puncture into hepa-
rinized syringes and centrifuged, and plasma
samples were separated after centrifugation at
300 g for 5 min. Levels of ALT and AST were
measured by automatic dry biochemical ana-
lyzer (Hitachi Auto Analyzer 7170, Japan). The
concentrations of IL.-2, and IFN-y, were detected
by using enzyme-linked immunosorbent assay
(ELISA) kits according to the manufacturer’s
instructions (R&D system, USA).

Histopathology assay

Liver tissues were harvested 12 h after Con A
administration intravenously. Liver samples
were fixed in 4% buffered paraformaldehyde for
at least 24 h. Sections (4-5 ym) on slides were
deparafnized in xylene, rehydrated in decreas-
ing concentrations of ethanol, and stained with
hematoxylin and eosin (H&E). All sections were
graded blindly by three pathologists under light
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microscopy according to the following criteria:
0, none; 1, individual cell necrosis; 2, <30%
lobular necrosis; 3, <60% lobular necrosis; 4,
>60% lobular necrosis [5].

RNA isolation and real-time PCR analysis

Total RNA was isolated from the homogenate of
the liver with Trizol reagent (Invitrogen) at 12 h
after Con A stimulated. Cellular RNA was treat-
ed with DNase | and then primed with a dT oli-
gonucleotide and reverse transcribed with
Superscript Il. For real-time assays, PCR reac-
tions were prepared in SYBR Green PCR Master
Mix. DNA targets were amplifed and analyzed
with a Chromo Real-Time PCR Detection System
(Bio-Rad Life Sciences). The murine primer
sequences are shown as follows.

Mouse Foxp3 (Forward, F): 5-CCAGCTCTACTCT-
GCACCTT-3 and (Reverse, R): 5-GCCTTGCCTTT-
CTCATCCAG-3, Thet-F: 5-TCCTTGGATCCTTCGC-
CTAC-3, R: 5-ACTCTCAGCTTCCCAGACAC-3, GAT-
A3, F: 5-ACATCGATGGTCAAGGCAAC-3, R: 5-GT-
GGATGGACGTCTTGGAGA-3, IL-2, F: 5-AGCAGC-
TGTTGATGGACCTA-3, R: 5-AAATCCAGAACATGC-
CGCAG-3, IFN-y, F: 5-TTCTTCAGCAACAGCAAG-
GC-3, R: 5-ACTCCTTTTCCGCTTCCTGA-3. Total
RNA was treated with DNase | to eliminate
genomic DNA contamination, followed by syn-
thesis of the first-strand using reverse tran-
scription system. Reverse transcription was
carried out as follows: 42°C for 60 min, 70°C
for 10 min, and first-strand cDNA was stored at
-20°C. Real-time PCR was performed in a 20 uL
of reaction solution containing SYBR Premix Ex
Taq, primers, and cDNAs. The cycles for PCR
were as follows: 95°C for 2 min, 40 cycles of
95°C for 15 s, 58°C for 20 s, and 72°C for 20
s. Melting curves were determined by heat-
denaturing PCR products over a 35°C tempera-
ture gradient at 0.5°C/s from 65 to 99.5°C.
GAPDH was used as an internal control [10].
The relative amount of mMRNA was determined
using the AACT technique as described previ-
ously [11]. The levels of MRNA were expressed
as fold-changes after normalization to GAPDH.

Western-blotting analysis of SHIP

Livers were carefully excised and homogenized
into lysis buffer (Termo, USA) to yield a homog-
enate. After centrifugation (12000 g for 10 min)
at 4°C, protein concentration was detected by
Bradford protein assay kit (Termo, USA) with
bovine serum albumin as standard. Equal
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Figure 1. Anti-CD200 ameliorates liver damage following Con A administra-
tion. Plasma was separated after centrifugation at 300 g for 5 min. Levels
of ALT and AST were measured by automatic dry biochemical analyzer. Both
ALT (A) and AST (B) were increased significantly in Con A group and reduced
by anti-CD200 (n=12 mice per group); *P<0.01 compared to control group,
#P<0.01 compared to Con A group.
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Figure 2. Hiptopathological changes of livers in mice. Liver tissues were har-
vested 12 h after Con A administration intravenously. Liver samples were
fxed in 4% buffered paraformaldehyde for at least 24 h. Sections (4-5 ym) on
slides were deparafnized in xylene, rehydrated in decreasing concentrations
of ethanol, and stained with hematoxylin and eosin (H&E). All sections were
graded blindly by three pathologists under light microscopy according to the
following criteria: O, none; 1, individual cell necrosis; 2, <30% lobular necro-
sis; 3, <60% lobular necrosis; 4, >60% lobular necrosis. A-C represented
the microscopic appearance of liver tissue in control, Con A and anti-CD200
group. D represented the severity of liver injury scored by three blinded Pa-
thologists. *P<0.01 compared to control group, ¥P<0.01 compared to Con
A group.

amounts of protein extracts separated disco-
ntinuously onto 10% polyacrylamide gels (Life
Technologies, Carlsbad, CA, USA) and trans-
ferred to nitrocellulose membranes (Life Tech-
nologies). After blockade of nonspecific binding

4204

sites, membranes were incu-
bated with various antibodi-
es against SHIP1 (Cell Signal-
ing Technology, Danvers, MA,
USA) for 2 h at room tempe-
rature. Membranes were de-
veloped by chemiluminescen-
ce using an Amersham pri-
me ECL Plus detection sys-
tem (ChemiDoc-It 600 Imager,
Ultra-Violet Product Ltd, UK).
Signals were densitometrically
assessed and normalized to
the GAPDH signals (Image J,
NIH) [5].

Flow cytometry analysis

Single-cell suspensions were
obtained 12 h after Con A ad-
ministration. Cells were then
stained with fluorescencelab-
eled antibody (anti-CD4 APC,
code: 17-0041-82; clone: GK-
1.5, eBioscience USA); anti-
CD200 PE, code: 11-0081-
85; clone: 53-6.7, eBioscience
USA). The counts of CD4* T
lymphocytes infltrating in the
liver were analyzed by flow
cytometry (Miltenyi, Germany).

Statistical analysis

All results were expressed as
mean + SD. All statistical anal-
yses were performed by Prism
6.0 (GraphPad Sofware, USA).
All comparisons (such as cell
counting, cytokines) among
groups were performed by
one-way analysis of variance
(ANOVA). P<0.05 was regard-
ed as statistically significant.

Results

Anti-CD200 ameliorates the
injuries of Con A-induced
hepatitis

The experimental hepatitis was established by
Con A on C57BL/6 male mice. Liver function
was measured by the plasma levels of ALT and
AST in the present study. Compared with con-
trol group, ALT and AST levels were extremely

Am J Transl Res 2018;10(12):4202-4209



Anti-CD200 attenuates concanavalin A induced hepatitis in mice

8
o~ ‘-0‘ 10.7% ‘ﬂ‘ 216% 14.3%
o _ 30
o 0’ w0° £ *
§
e i
E I
o' 0 g 10
8
a
5]
0 0
B T o T T T T T T T 0
o 200 400 800 800 1K o 200 400 800 800 o 200 400 600 800 K
control Con A anti-CD200
) CD4
control Con A anti-CD200
B o w]e az sTon Jo oz
:l; 1.10% a2m%| 10 ], som 1.16% ] I
] 10* 10° B *
L (]
i 2 30
£ k]
1’ 0° §
2 2
3
S
104 10 E 10
o4 £ a3 o4 o4 a3 o
100 Joa1% % 0.491% 102 |89.2% 88.9% 0.696% 0
0 I‘ ‘2 I] 4 0 33 1 2 3 0 1 4 72 7] g 4
10 10 10 10 10 0 L) o 0
! k M ! " » ® » » control ConA anti-CD200
FL1-H:AV
control Con A anti-CD200

Figure 3. The expression of CD200 on CD4* T lymphocyte and the apoptosis of CD4* T lymphocyte in hepatitis. Single-
cell suspensions were obtained 12 h after Con A administration. Cells were then stained with fluorescencelabeled
antibody. The counts of CD4* T lymphocytes infltrating in the liver were analyzed by flow cytometry. The expression
of CD200 on CD4* T lymphocyte was extremely aggrandized in Con A induced hepatitis and alleviated by anti-CD200
(P<0.01), the apoptosis of CD4* T lymphocyte was also attenuated by anti-CD200 in Con A induced hepatitis (n=12
mice per group); *P<0.01 compared to control group, *P<0.01 compared to Con A group.

elevated response to Con A and decreased by
anti-CD200 (Figure 1A and 1B).

Morphological analysis of livers was also
applied to further confirm the protective effect
of anti-CD200 on Con A induced hepatitis. The
liver response to Con A was characterized by
massive hepatocyte necrosis and disorder of
hepatic sinusoids structure (Figure 2B), How-
ever, the hepatocyte necrosis and T lymphocyte
infiltration were extremely alleviated by anti-
CD200 (Figure 2C). The pathological scores
calculated by three blinded Pathologists were
excessively higher induced by Con A but attenu-
ated by anti-CD200 (Figure 2D).

The relationship between CD200 and CD4* T
lymphocyte in hepatitis

Con A induced hepatitis was associated with
various CD4* T lymphocyte infiltration in the
liver [5]. The expression of CD200 on CD4* T
lymphocyte was extremely aggrandized in hep-
atitis and alleviated by anti-CD200 (P<0.01)
(Figure 3A). The activation of CD4* T lympho-
cyte was the crux of the liver function, however,
the apoptosis of CD4* T lymphocyte was elevat-
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ed excessively. We subsequently found in the
present study, the apoptosis of CD4* T lympho-
cyte was attenuated extremely by anti-CD200
(P<0.01) (Figure 3B).

The anti-inflammatory effect of anti-CD200 on
Con A induced hepatitis

Various production of proinflammatory cyto-
kines including IL-2 and IFN-y was the symbol of
hepatitis. We also found the elevated levels of
IL-2 and IFN-y induced by Con A and reduced
by anti-CD200 in the present study (P<0.01)
(Figure 4A and 4B). We subsequently investi-
gated the effect of anti-CD200 on the expres-
sion of IL-2 and IFN-y mRNA in the liver. The
results demonstrated mRNA levels of IL-2 and
IFN-y were induced significantly higher in Con A
group and attenuated by anti-CD200 (P<0.01)
(Figure 4C and 4D).

Anti-CD200 suppressed phosphorylation of
SHIP1

The production of proinflammatory cytokines

including IL-2 and IFN-y was regulated by the
differentiation CD4* T lymphocyte depended on

Am J Transl Res 2018;10(12):4202-4209
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Figure 4. The anti-inflammatory effect of anti-CD200 in Con A induced hepa-
titis. Single-cell suspensions were obtained 12 h after Con A administration.
Cells were then stained with fluorescencelabeled antibody. Total RNA was
isolated from the homogenate of the liver with Trizol reagent at 12 h after
Con A stimulated. Cellular RNA was treated with DNase | and then primed
with a dT oligonucleotide and reverse transcribed with Superscript Il. For
real-time assays, PCR reactions were prepared in SYBR Green PCR Master
Mix. DNA targets were amplifed and analyzed with a Chromo Real-Time PCR
Detection System. The levels of mMRNA were expressed as fold-changes after
normalization to GAPDH. The soluble expression and mRNA of IL-2 and IFN-y
were extremely elevated and lowered by anti-CD200 (n=12 mice per group);
*P<0.01 versus control group, ¥P<0.01 versus Con A group.

A 2.0q

B
P-SHIP1 — GED = . Bl SHIP1
] 3 P-SHIP1
5 1.54
i
) 5
/ o x o
SHIPT | | e ——— g 101
2
s 0.5
s
s ¥ + o
GAPDH | S ———- S— 0.0

control CIH Iso anti-CD200

Figure 5. The potential mechanism of CD200 in Con A induced hepatitis.
Livers were carefully excised and homogenized into lysis buffer to yield a ho-
mogenate. After centrifugation at 4°C, protein concentration was detected
by Bradford protein assay kit with bovine serum albumin as standard. Equal
amounts of protein extracts separated discontinuously onto 10% polyacryl-
amide gels and transferred to nitrocellulose membranes. After blockade of
nonspecific binding sites, membranes were incubated with various antibod-
ies against SHIP1 for 2 h at room temperature. Membranes were developed
by chemiluminescence using an Amersham prime ECL Plus detection sys-
tem. Signals were densitometrically assessed and normalized to the GAPDH
signals. The phosphorylation of SHIP1 was elevated in Con A induced hepa-
titis and depressed in anti-CD200 group. CIH, Con A induced hepatitis.

the expression of T-bet, GATA3 and FoxP3.
Furthermore, the expression of T-bet, GATA3
and FoxP3 was regulated by SHIP1 partly. We
then found anti-CD200 depressed the phosph-
orylation of SHIP1 compared with Con A (Figure
5A). The relative levels of proteins also demon-
strated the analogical tendency (Figure 5B).
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Anti-CD200 inhibited T cells
differentiation via regulat-
ing the expression of T-bet,
GATA3, and FoxP3

It is well known that the acti-
vation of CD4* T lymphocyte
was expressed on the differ-
entiation, that were TH1, TH2
and Treg. The differentiation
was depended on the expres-
sion of T-bet, GATA3 and Fox-
P3. We found the mRNA ex-
pression of T-bet, GATA3 and
FoxP3 were suppressed by
anti-CD200 in the present
study (P<0.01) (Figure 6A-C).
Therefore, we speculated the
activation of CD4* T lympho-
cyte was inhibited by anti-
CD200.

Discussion

Autoimmune hepatitis is a ra-
re chronic inflammatory disor-
der [12], little methods could
be applied to therapy autoim-
mune hepatitis and the opti-
mal salvage strategy remains
unclear. Alternative immuno-
suppressive with high-dose of
prednisolone are recommend-
ed as the front-line salvage
therapy [13], however, disease
activity in 10-20% of patients
were poorly tolerated or con-
trolled [14], and immunosup-
pressive agents were consid-
ered as the second-line thera-
pies for theses patients [15,
16]. Anti-CD200 was used to
prolong the survival of allog-
rafts, which indicated its imm-
unosuppressive activity [17].

Con A induced hepatitis was
the best model to simulate
autoimmune hepatitis. The

severity and pathological changes of liver in
Con A group in the present study were extreme-
ly altered, which further illuminate the Con A
model could mirror the hepatitis. While the
immunopathogenesis of AIH is incompletely
understood, current opinion is that AIH could
develop from an interaction between an envi-

Am J Transl Res 2018;10(12):4202-4209
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Figure 6. The presentation of CD4* T cells differentiation. Total RNA was isolated from the homogenate of the liver
with Trizol reagent at 12 h after Con A stimulated. Cellular RNA was treated with DNase | and then primed with a
dT oligonucleotide and reverse transcribed with Superscript Il. For real-time assays, PCR reactions were prepared
in SYBR Green PCR Master Mix. DNA targets were amplifed and analyzed with a Chromo Real-Time PCR Detection
System. The levels of mMRNA were expressed as fold-changes after normalization to GAPDH. The mRNA expression
of T-bet, GATA3 and FoxP3 were inhibited by anti-CD200 in Con A induced hepatitis (n=12); *P<0.01 versus control

group, *P<0.01 versus Con A group.

ronment trigger(s) and genetic factors in an
generically susceptible host(s) [18, 19]. Regard-
less of the triggers, initiation of the autoim-
mune attack is mediated via the presentation
of an autoantigenic peptide within a major his-
tocompatibility complex (MHC) molecule by
antigenpresenting cells (APCs) to undifferenti-
ated CD4 effector cells [20]. Naive CD4* T cell
differentiation was encouraged with the pres-
ence of IFN-y, while in turn resulted in IFN-y
secretion. In addition, IFN-y resulted in up regu-
lation of MHC class | and induction of aberrant
class Il expression by hepatocytes that in turn
further exacerbated liver injury via further acti-
vation of CD4* T cells [18]. Current evidence
indicates that auto-antibody production may
contribute to hepatocyte injury via antibody-
mediated cellular cytotoxicuty and complement
activation [21]. CD200 was considered “toler-
ance signaling molecule” [22], and it was
strongly expressed on the surface of lympho-
cytes [23]. It had been reported that CD200
suppressed secretion of the pro-inflammatory
cytokine and enhanced the expression of anti-
inflammatory cytokine [24]. This may suggest
that modification with CD200 leads to a res-
ponse that simultaneously prevented inflam-
mation and enhanced phagocytosis. In the
present study, the concentration of dissociate
IL-2 and IFN-y were induced extremely higher by
Con A, but decreased by anti-CD200. In addi-
tion, the expression of T-bet, GATA3 and FoxP3
mRNA were also attenuated by anti-CD200,
which indicated that the differentiations of
CD4* T lymphocyte were suppressed by anti-
CD200 and protected the liver from damaged
by autoimmune hepatitis.
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It had been well described that Thl immune
response can be correlated with the induction
of cellular immunity by secreting cytokines and
Th2 immune response controlling humoral
immune response through mediating B-cell
proliferation, differentiation and production of
specific antibodies. Cytokines produced by
mature Th cells not only promote their own dif-
ferentiation, but also inhibit the proliferation
of each other. Individuals chronically with AlH
were associated with the hostimmune respons-
es, particularly the cellular immune response
[25]. The hepatitis could trigger secretion of
Th1 cytokines, which had been considered as a
possible approach to blocking or terminating
persistent of AIH [26]. Unfortunately, a number
of studies have demonstrated that hepatitis
patients often had an imbalance of Th1/Th2
function, in which Th1 cells were defective [27-
29]. In general, the immunopathogenesis of
hepatitis persistence was associated with
host immune reactions biased towards Th2
response. However, the mechanism involved in
this process was still not clear. SHIP1 signal
way played an important role in negatively regu-
lating the activation of immune cells [30], here
we demonstrated that SHIP1was regulated by
CD200. In conclusion, hepatitis was induced by
the differentiations of CD4* T lymphocyte via
the expression of T-bet, GATA3 and FoxP3,
which was regulated by the phosphorylation of
SHIP1. Hence, we speculated that the mecha-
nism of hepatitis was related by SHIP1 via the
expression of CD200 partly.

Conclusion

Anti-CD200 ameliorated Con A induced hepati-
tis and suggested that the differentiation of

Am J Transl Res 2018;10(12):4202-4209
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CD4* T lymphocytes was modulated via SHIP1
signaling pathway served to attenuate the
inflammatory response. These findings raised
the potential effect of anti-CD200 as the sec-
ond-line therapies for hepatitis.

Acknowledgements

This work was collectively supported by Young
Medical Talents Training Program of Pudong
Health Bureau of Shanghai (Grant No. PWRg-
2015-17). The funders had no role in study
design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Baoji Hu, Depart-
ment of Anesthesiology, Shanghai Pudong Hospital,
Fudan University Pudong Medical Center, 2800
Gongwei Road, Huinan Town, Pudong, Shanghai
201399, China. E-mail: selfconfidence2005@sina.
com; Dr. Hua Wang, Department of Anesthesiology,
Affiliated Hospital of Guilin Medical University, 15
Lequn Rd, Guilin 541001, China. E-mail: duo-
duo.06222@163.com

References

[1] Manns MP, Jaeckel E and Taubert R. Bude-
sonide in autoimmune hepatitis: the right drug
at the right time for the right patient. Clin
Gastroenterol Hepatol 2018; 16: 186-189.

[2] Tiegs G, Hentschel J and Wendel A. A T cell-
dependent experimental liver injury in mice in-
ducible by concanavalin A. J Clin Invest 1992;
90: 196-203.

[3] Wang HX, Liu M, Weng SY, Li JJ, Xie C, He HL,
Guan W, Yuan YS and Gao J. Immune mecha-
nisms of concanavalin A model of autoimmune
hepatitis. World J Gastroenterol 2012; 18:
119-125.

[4] Shao X, Qian, Xu C, Hong B, Xu W, Shen L, Jin
C, Wu Z, Tong X and Yao H. The protective ef-
fect of intrasplenic transplantation of Ad-IL-
18BP/IL-4 gene-modified fetal hepatocytes on
ConA-induced hepatitis in mice. PLoS One
2013; 8: e58836.

[5] HuB, ZouY,LiuS, WangJ, Zhu J, Li J, Bo Land
Deng X. Salidroside attenuates concanavalin
A-induced hepatitis via modulating cytokines
secretion and lymphocyte migration in mice.
Mediators Inflamm 2014; 2014: 314081.

[6] Hoek RM, Ruuls SR, Murphy CA, Wright GJ,
Goddard R, Zurawski SM, Blom B, Homola ME,
Streit WJ, Brown MH, Barclay AN and Sedgwick

4208

(7]

(8]

)

(11]

[12]

(16]

[17]

JD. Down-regulation of the macrophage lin-
eage through interaction with OX2 (CD200).
Science 2000; 290: 1768-1771.

Clark DA, Arredondo JL and Dhesy-Thind S.
Corrigendum to “The CD200 tolerance-signal-
ing molecule and its receptor, CD200R1, are
expressed in human placental villus tropho-
blast and in peri-implant decidua by 5 weeks'
gestation” [J. Reprod. Immunol. 112 (2015)
20-23]. J Reprod Immunol 2016; 117: 89-90.
Clark DA, Keil A, Chen Z, Markert U, Manuel J
and Gorczynski RM. Placental trophoblast
from successful human pregnancies express-
es the tolerance signaling molecule, CD200
(OX-2). Am J Reprod Immunol 2003; 50: 187-
195.

Kretz-Rommel A, Qin F, Dakappagari N, Ravey
EP, McWhirter J, Oltean D, Frederickson S,
Maruyama T, Wild MA, Nolan MJ, Wu D,
Springhorn J and Bowdish KS. CD200 expres-
sion on tumor cells suppresses antitumor im-
munity: new approaches to cancer immuno-
therapy. J Immunol 2007; 178: 5595-5605.
Tu CT, Han B, Liu HC and Zhang SC. Curcumin
protects mice against concanavalin A-induced
hepatitis by inhibiting intrahepatic intercellular
adhesion molecule-1 (ICAM-1) and CXCL10 ex-
pression. Mol Cell Biochem 2011; 358: 53-60.
Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time
quantitative PCR and the 2(-delta delta C(T))
method. Methods 2001; 25: 402-408.

Orgul G, Ozkan EU, Celik HT and Beksac MS.
Autoimmune hepatitis and pregnancy: report
of two cases with different maternal outcomes.
Clin Exp Hepatol 2017; 3: 212-214.

Roberts SK and Kemp W. Salvage therapies for
autoimmune hepatitis: a critical review. Semin
Liver Dis 2017; 37: 343-362.

Efe C, Ozaslan E and Purnak T. Second-line im-
munosuppressants for autoimmune hepatitis.
Eur J Gastroenterol Hepatol 2018; 30: 490-
491.

Weiler-Normann C, Schramm C, Quaas A,
Wiegard C, Glaubke C, Pannicke N, Moller S
and Lohse AW. Infliximab as a rescue treat-
ment in difficult-to-treat autoimmune hepatitis.
J Hepatol 2013; 58: 529-534.

Ozaslan E, Efe C, Heurgue-Berlot A, Kav T, Masi
C, Purnak T, Muratori L, Ustundag Y, Bresson-
Hadni S, Thiefin G, Schiano TD, Wahlin S and
Muratori P. Factors associated with response
to therapy and outcome of patients with pri-
mary biliary cirrhosis with features of autoim-
mune hepatitis. Clin Gastroenterol Hepatol
2014; 12: 863-869.

Rygiel TP, Luijk B and Meyaard L. Use of an
anti-CD200 antibody for prolonging the sur-
vival of allografts: a patent evaluation of

Am J Transl Res 2018;10(12):4202-4209


mailto:selfconfidence2005@sina.com
mailto:selfconfidence2005@sina.com
mailto:duoduo.06222@163.com
mailto:duoduo.06222@163.com

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Anti-CD200 attenuates concanavalin A induced hepatitis in mice

WO02012106634A1. Expert Opin Ther Pat
2013; 23: 389-392.

Liberal R, Krawitt EL, Vierling JM, Manns MP,
Mieli-Vergani G and Vergani D. Cutting edge is-
sues in autoimmune hepatitis. J Autoimmun
2016; 75: 6-19.

Donaldson PT. Genetics of liver disease: immu-
nogenetics and disease pathogenesis. Gut
2004; 53: 599-608.

Liberal R, Longhi MS, Mieli-Vergani G and
Vergani D. Pathogenesis of autoimmune hepa-
titis. Best Pract Res Clin Gastroenterol 2011;
25: 653-664.

Vergani D and Mieli-Vergani G. Aetiopatho-
genesis of autoimmune hepatitis. World J
Gastroenterol 2008; 14: 3306-3312.

Xu J, GuY, Sun J, Zhu H, Lewis DF and Wang Y.
Reduced CD200 expression is associated with
altered Th1/Th2 cytokine production in pla-
cental trophoblasts from preeclampsia. Am J
Reprod Immunol 2018; 79.

Wright GJ, Jones M, Puklavec MJ, Brown MH
and Barclay AN. The unusual distribution of
the neuronal/lymphoid cell surface CD200
(OX2) glycoprotein is conserved in humans.
Immunology 2001; 102: 173-179.

Poon KS, Palanisamy K, Chang SS, Sun KT,
Chen KB, Li PC, Lin TC and Li CY. Plasma exo-
somal miR-223 expression regulates inflam-
matory responses during cardiac surgery with
cardiopulmonary bypass. Sci Rep 2017; 7:
10807.

Maini MK, Boni C, Ogg GS, King AS, Reignat S,
Lee CK, Larrubia JR, Webster GJ, McMichael
AJ, Ferrari C, Williams R, Vergani D and Berto-
letti A. Direct ex vivo analysis of hepatitis B vi-
rus-specific CD8(+) T cells associated with the
control of infection. Gastroenterology 1999;
117: 1386-1396.

4209

[26]

[27]

(28]

[29]

[30]

Sun J, Gao Y, Chen HS, Wang SX, Li RB, Jiang
D, Wei L and Wang Y. Transfusion of multi-fac-
tors activated immune cells as a novel treat-
ment for patients with chronic hepatitis B. J
Clin Virol 2006; 35: 26-32.

Webster GJ, Reignat S, Brown D, Ogg GS, Jones
L, Seneviratne SL, Williams R, Dusheiko G and
Bertoletti A. Longitudinal analysis of CD8+ T
cells specific for structural and nonstructural
hepatitis B virus proteins in patients with
chronic hepatitis B: implications for immuno-
therapy. J Virol 2004; 78: 5707-5719.

Chedid MG, Deulofeut H, Yunis DE, Lara-
Marquez ML, Salazar M, Deulofeut R, Awdeh Z,
Alper CA and Yunis EJ. Defect in Thi-like cells
of nonresponders to hepatitis B vaccine. Hum
Immunol 1997; 58: 42-51.

Pei J, Tang Z, Zang G and Yu Y. Blockage of
Notchl signaling modulates the T-helper
(Th)1/Th2 cell balance in chronic hepatitis B
patients. Hepatol Res 2010; 40: 799-805.

An H, Xu H, Zhang M, Zhou J, Feng T, Qian C, Qi
R and Cao X. Src homology 2 domain-contain-
ing inositol-5-phosphatase 1 (SHIP1) negative-
ly regulates TLR4-mediated LPS response pri-
marily through a phosphatase activity- and PI-
3K-independent mechanism. Blood 2005;
105: 4685-4692.

Am J Transl Res 2018;10(12):4202-4209



