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Soluble immune checkpoints are elevated ==

in patients with primary biliary cholangitis
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Abstract

Background Primary biliary cholangitis (PBC) is a chronically progressive liver disease mediated by an autoimmune
response. The aetiology and pathogenesis of PBC are not fully understood and may be related to immune disorders
caused by genetic factors and their interaction with environmental factors. Immune checkpoints play an important
role in preventing the occurrence of autoimmunity. However, the level of immune checkpoints in PBC has not been
reported. Here, we aimed to identify the serum levels of soluble checkpoints in patients with PBC.

Methods Soluble checkpoint levels were evaluated using enzyme-linked immunosorbent assay in 60 patients
with PBC and 20 healthy controls (HCs). The expression of immune checkpoints was compared in liver biopsy tissue
samples using immunohistochemistry. Receiver operating characteristic (ROC) curves and area under the curve
(AUCs) were used to determine the diagnostic performance of soluble checkpoints and laboratory indexes
between patients with PBC and HCs and patients with mild and advanced PBC. A logistic regression was performed
for advanced PBC.

Results sCD134, sLAG-3, sPD-1, sPD-L1, and sTIM-3 levels were significantly increased in patients with PBC compared
with those in healthy controls. Additionally, the levels of sCD134, sPD-1, sPD-L1, and sTIM-3 were positively associated
with disease progression. Moreover, soluble checkpoints were correlated with immunoglobulin and liver functions.
ROC analyses between patients with PBC and HCs showed that the AUCs of sOX40, sPD-1, and sPD-L1 were 0.967,
0.922, and 0.971, respectively. The optimal cut-off values of sOX40, sPD-1, and sPD-L1 for PBC diagnosis were 89.15,
2134, and 68, respectively. ROC analyses between mild and advanced patients with PBC revealed that the AUCs

of sOX40 and sTIM-3 were 0.767 and 0.765, respectively. The optimal cut-off values for predicting PBC stage > Il were
199.45 and 361.5, respectively. In univariate analysis, age, ALB, and sOX40 were associated with advanced PBC. Further,
the expression of CD134 and TIM-3 was upregulated in the liver of patients with PBC.

Conclusions Our study results indicate that the serum titer of soluble checkpoints is increased in Chinese patients
with PBC.

Keywords Primary biliary cholangitis, CD134, LAG-3, PD-1, PD-L1, TIM-3

fXiuzhu Gao and Xiaomei Wang have contributed equally to this manuscript.

*Correspondence:

Yanhang Gao

yanhang@mail jlu.edu.cn

Jungi Niu

jungi_niu@163.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-023-01419-6&domain=pdf

Gao et al. European Journal of Medical Research (2023) 28:477

Background

Primary biliary cholangitis (PBC) is a chronically pro-
gressive, cholestatic liver disease characterised by non-
suppurative inflammation mediated by an autoimmune
response [1]. It mostly occurs in middle-aged women [2].
The onset of PBC is insidious and slow, and the prognosis
varies greatly. Additionally, serum alkaline phosphatase
(ALP) and gamma-glutamyl transferase (yGT) increase to
varying degrees. Anti-mitochondrial antibody (AMA) is
the autoantibody with the highest specificity of PBC [3].
However, some patients with PBC test negative for AMA.

Immune checkpoints comprise a suite of molecules
expressed on immune cells that can regulate immune
responses. They play an important role in preventing the
occurrence of autoimmunity [4]. The abnormal expres-
sion of immune checkpoints can lead to the develop-
ment of tumours or autoimmune diseases. Two kinds
of checkpoint molecules are related to immune regula-
tion: stimulatory checkpoint molecules and inhibitory
checkpoint molecules. Checkpoint molecules with nega-
tive immunoregulatory effects include CTLA-4, TIM-3,
PD-1, PD-L1, LAG-3, and VISTA. Additionally, check-
point molecules belonging to the tumour necrosis factor
(TNF) superfamily, such as GITR and OX40, have been
introduced as stimulatory factors (PMID: 33009134. To
date, most studies on PBC and immune checkpoints have
focused on CTLA-4 [5, 6], and there are few studies on
other immune checkpoints.

This study aims to compare the levels of soluble
immune checkpoints in the serum of patients with PBC
and healthy controls. Additionally, we analysed and
compared their correlation with the severity of PBC and
laboratory indicators. ROC analyses were performed to
evaluate the diagnostic accuracy of serum OX40, PD-1,
PD-L1, and TIM-3 for PBC staging determination.
Finally, the expression of immune checkpoints in liver
biopsy tissue samples was compared between patients
with PBC and healthy controls to explore the predictive
role of immune checkpoints in the progression of PBC.

Methods

Patients with PBC and healthy controls

This study involved 80 individuals (60 patients with PBC
and 20 HCs) recruited from The First Hospital of Jilin
University between 2014 and 2016. The patients were
diagnosed with PBC based on the American Association
for the Study of Liver Diseases Practice Guideline, and
all the subjects were untreated. The experimental pro-
tocol was approved by the Ethics Committee of the First
Hospital of Jilin University (Changchun, China) under
the project approval number 2014—424. All participants
signed an informed consent form. Our protocol was per-
formed in accordance with the guidelines and regulations
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of the Declaration of Helsinki. According to the Ludwig
staging system of histopathology, PBC progression was
divided into four stages. However, some biopsies were
classified between 1 and 2, 2 and 3 and 3—4; hence, the
stage was defined as 1.5, 2.5 and 3.5, respectively. Blood
samples were collected from each individual, centri-
fuged at 4000 Xg for 10 min to obtain serum and stored at
— 80 °C until use. The baseline characteristics of patients
with PBC and healthy control are described in Table 1.
More details are available in Additional file 1: Table S1.

Enzyme-linked immunosorbent assay (ELISA)
Concentrations of soluble CD134, LAG-3, PD-1, PD-L1,
and TIM-3 in plasma were determined using ELISA
(Abcam, US) following the established protocol. The
calculated minimal detectable doses were 26 pg/mL,
0.045 pg/mL, 9.6 pg/mL, 2.91 pg/mL and 31.2 pg/mL,
respectively. The concentrations of soluble checkpoints
in individual samples were calculated according to the
standard curve constructed using the recombinant
checkpoint provided.

Liver biopsy

To ensure the quality of histological results and minimise
differences in histopathological evaluation, two patholo-
gists were blinded to clinical data according to the stand-
ard operation procedure. Single-blind radiographs by
more than two liver pathologists are recommended.

Immunohistochemistry

Liver biopsy samples were collected from patients with
PBC and their counterpart negative controls with hepatic
hemangioma without any other liver disease. Intrahepatic
CD134, LAG-3, PD-1, PD-L1, and TIM-3 were visualised
through immunohistochemical staining of the tissues
embedded in paraffin using rabbit anti-human CD134,
LAG-3, PD-1, PD-L1, TIM-3 antibodies (Abcam) and
Envision+ System, HRP (diaminobenzidine) (DAKO).
Checkpoint quantification for each pathological section
was determined by two pathologists blinded to clinical
and molecular data using a modified H-Score to deter-
mine the overall percentage of protein positivity across
the entire stained sample. Pi represents the percentage of
pixel area with positive signals; I stands for positive level.
The H-score ranges from 0 to 300, and the greater the
value, the stronger the comprehensive positive intensity

[7].

Statistical analysis

For statistical analyses, differences in continuous vari-
ables between two groups were evaluated using the
Mann-Whitney U test or a two-sided Student’s t-test,
depending on the data characteristics. Dichotomous
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Table 1 Patients'clinical characteristics and laboratory index
PBC (N=60) HC (N=20) Pvalue

Age,mean(SE) 544412 534+16 0.197
Sex

Male (%) 8(13.3%) 5 (25%) 0.293

Female (%) 52 (86.7) 15 (75%)
Histological stage

1 Il - -

2 24 - -

3 8 - -

4 1 - -
Unclear 6 - -
ALT(U/L, median(range)) 55.5(13-893) 226 (9.9-109) <0.0001
YyGT(U/L, median(range)) 210.5 (20-1218) 19.6 (5-80) <0.0001
ALP(U/L, median(range)) 186.1 (67-1081) 67.2 (42-128) <0.0001
AST(U/L, median(range)) 76 (21-730) 24 (17.1-66) <0.0001
Glb(g/L, median(range)) 35 (23-257) 293 (25.3-42) <0.0001
TB(umol/L, median(range)) 276 (5.5-282.8) 14.05 (7.7-32.6) <0.0001
DBIL(umol/L, median(range)) 11.2(2-168.3) 235(14-49) <0.0001
IBIL(umol/L, median(range)) 13 (3-114.5) 11.85 (6.3-27.7) <0.0001
TBA(umol/L, median(range)) 34 (0.4-268.6) 2.85(1.7-14.8) <0.0001
CHE(U/L, median(range)) 5945 (374-12,580) 8495 (6729-12,532) 0.0114
IgA(g/L, median(range)) 3.2(1.4-9.6) NA NA
IgG(g/L, median(range)) 15.9 (10.5-56.1) NA NA
IgM(g/L, median(range)) 2.7 (0.8-8.1) NA NA

variables were compared using the x2 test. Spearman’s
rank correlation test assessed the correlations between
soluble immune checkpoints and biochemical indexes.
ROC curve and AUCs were used to determine the diag-
nostic performance of soluble checkpoints and labora-
tory indexes between patients with PBC and HCs and
those with mild and advanced PBC, respectively. The
optimal cut-offs were determined based on the sensi-
tivity and specificity. For logistic regression analysis
of advanced PBC, all variables found to be significant
(P<0.05) through univariate analysis were considered
for inclusion in multivariable analysis. A backward
stepwise logistic regression was performed, and sta-
tistically significant factors (P<0.05) in multivariable
analysis remained in the final model. Odds ratio (OR)
with 95% Confidence Interval (CI) were presented to
demonstrate the strength and direction of these asso-
ciations. The statistical software GraphPad Prism 7.0
(GraphPad Software, La Jolla, CA, USA) was used for
graph creation. A p-value<0.05 was considered sta-
tistically significant. p values are indicated as *<0.05;
**<0.01; and ***<0.001.

Results

Primary characteristics of participants

Eighty participants were enrolled in this study. The
cohort comprised 60 patients with PBC and 20 healthy
controls (HCs) with average ages of 54.4 and 53.4 years,
respectively. The PBC group consisted of 8 males and
52 females, while the HC group included 5 males and
15 females (P=0.29). All participants were of Chinese
descent. Patients diagnosed with PBC underwent clini-
cal evaluations, while individuals with common liver and
other diseases were excluded from the HC group (refer
to Table 1 for further details). Additional information can
be found in Additional file 1: Table S1.

Elevated levels of soluble immune checkpoint-related
proteins in patients with PBC

In the initial analysis, we conducted a comparative assess-
ment of soluble immune checkpoint protein concentra-
tions in patients with PBC and healthy individuals. As
illustrated in Fig. 1, we observed significantly higher lev-
els (P<0.05) of soluble CD134 (a), LAG-3 (b), PD-1 (c),
PD-L1 (d), and TIM-3 (e) in patients with PBC compared



Gao et al. European Journal of Medical Research (2023) 28:477
a P<0.0001
5004 e
L
| 3
~ 400 ....
% 300~ 0.0
2 Se8
<t
& 200+ o.#.l. '.i ®
a essests -
2 1004 o::.oo -I ol
0 T T
PBC HC
C P=0.0007
1000+
e
8004
~ L)
E 600 ¢
2 2
~ °
- 4004 _*e *
N~
v 2004 Y J W
0 T T
PBC HC
P=0.004
900+
o0
E 6004 :::
®
é” 0es¢%40 u
[ |
; 300+ ﬁ&'ﬁo Ny
= CHNS
» * al
0 T T
PBC HC

Page 4 of 11

b P<0.0001
89 .
°
= 61 °
E
g ®e
— 4... ..
(32]
0 .3': n
< 2-
37| .
o P = SOl
0
PéC HC
d P<0.0001
270- .
= ]
g 1804 ...
o oa ® L0
S o sEEEs
il
T 904 0o 00 ®
o “Pongy’s
o ] | |
% 3:.0 ..l..
0 T T
PBC HC

Fig. 1 The levels of soluble immune checkpoints, including CD134 (a), LAG-3 (b), PD-1 (c), PD-L1 (d), and TIM-3 (e), observed in patients diagnosed

with PBC and a control group of healthy individuals

to those in the HC group. Additionally, participants were
categorised into four distinct disease stage groups. As
depicted in Fig. 2, CD134 exhibited significantly elevated
levels in individuals diagnosed with stage IV PBC com-
pared to those in other stages.

Correlation between soluble immune checkpoint levels
and immunoglobulin (Ig) and liver function

We conducted correlation analysis to assess the rela-
tionship between sCD134 levels and various parameters

related to immunoglobulin levels and liver function in
Table 2. sCD134 levels displayed a positive correlation
with titers of IgA and IgG, both of which are associ-
ated with autoimmune diseases. Elevated levels of IgA
can be indicative of liver inflammation. Furthermore,
serum levels of total bilirubin (TB), direct bilirubin
(DBIL), and indirect bilirubin (IBIL), which are known
to increase in patients with hepatic diseases, were also
positively correlated with sCD134 levels. Interestingly,
sCD134 was negatively correlated with serum cho-
linesterase (CHE) levels, an indicator of liver function.
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Fig. 2 The levels of CD134 (a), LAG-3 (b), PD-1 (c), PD-L1 (d), and TIM-3 (e) in patients with PBC at different stages

Our data revealed several correlations between correlation between sLAG-3 levels and IgG levels. Addi-
SsLAG-3 levels and parameters related to immunoglobu- tionally, SLAG-3 levels were significantly positively asso-
lin levels and liver function. Firstly, there is a positive ciated with aspartate aminotransferase (AST), which
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Table 2 Correlation between soluble immune checkpoint levels and immunoglobulin (Ig) and liver function

CD134 PD-1 PD-L1 LAG-3 TIM-3

r P r P r P r P r P
ALP -0.13 0.34 0.38 0.01 0.38 0.01 -024 0.08 0.19 018
IgA 0.34 0.03 0.15 0.40 0.16 031 0.31 0.06 -0.03 0.85
[¢]€] 0.34 0.04 048 0.00 048 0.00 0.52 0.00 -0.07 0.68
IgM —0.097 0.56 0.14 042 —-0.027 0.87 027 0.12 0.18 0.29
AST 0.18 0.19 0.39 0.00 0.39 0.00 0.36 0.01 0.19 0.15
8B 033 0.01 0.26 0.06 0.23 0.08 0.24 0.08 0.56 <0.0001
TBA 0.23 0.09 045 0.00 045 0.00 0.41 0.00 0.01 0.96
CHE -05 <0.0001 —-0.31 0.02 - 031 0.02 -037 0.01 -037 0.00

is commonly used as a biochemical indicator of inflam-
matory fluctuations in hepatitis. Moreover, serum total
bile acid (TBA) and TBI levels were positively correlated
with sLAG-3 levels. Lastly, a negative correlation was
observed between sLAG-3 levels and serum cholinester-
ase (CHE) levels, an indicator of liver function.

Our correlation analysis revealed several associations
between sPD-1 and sPD-L1 levels and parameters related
to immunoglobulin levels and liver function. Firstly,
sPD-1 levels displayed positive correlations with levels
of IgA, AST, DBIL, IBIL, TBA, and alkaline phosphatase
(ALP). Additionally, both sPD-1 and sPD-L1 levels exhib-
ited a negative correlation with CHE levels, an indicator
of liver function.

Our correlation analysis reveals several associations
between sTIM-3 levels and parameters related to liver
function. Specifically, sTIM-3 levels displayed positive
correlations with TB, DBI, IBIL, and globulin (GLB).
Moreover, a negative correlation was observed between
sTIM-3 levels and CHE levels, an indicator of liver
function.

Correlation among soluble immune checkpoints

Our correlation analysis revealed several associations
among the soluble immune checkpoints. Firstly, sOX40
levels displayed positive associations with sPD-1, sPD-
L1, sTIM-3, and sLAG-3 (Fig. 3a, b, ¢, d). Additionally,
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Fig. 3 Correlations between sOX40 levels and sPD-1(a), sPD-L1 (b), sTIM-3 (c) and sLAG-3 (d); and between sPD-1 and sTIM-3 (e) and sLAG-3 (f)
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sPD-1 levels were positively associated with sTIM-3 and
sLAG-3 (Fig. 3e, ).

The diagnostic efficiency of serum soluble checkpoints

and laboratory indexes for PBC and predicting its stage
evaluated using ROC analyses

Table 3 presents the calculated AUC (Area Under the
Curve), optimal cut-off values, sensitivity, and specific-
ity for PBC diagnosis and PBC severity. The AUCs for
serum soluble PD-L1, OX40, PD-1, LAG-3, and TIM-3
were 0.97, 0.967, 0.922, 0.837, and 0.793, respectively. The
corresponding optimal cut-off values for PBC diagnosis
were 68, 89.15, 213.4, 1.05, and 252.7 pg/mL, respectively.
Additionally, it provides the AUC, optimal cut-off values,
sensitivity, and specificity for each soluble checkpoint
in predicting the PBC stage. The AUCs for serum solu-
ble OX40, PD-1, PD-L1, and TIM-3 were 0.767, 0.669,
0.681, and 0.765, respectively. The corresponding optimal
cut-off values for predicting PBC stage > III were 199.45,
302.6, 116.65, and 361.5, respectively. It was observed
that the diagnostic performance of PD-L1 and CD134
was better than that of y-GT and ALP in patients with
PBC. The diagnostic performance of TIM-3 and CD134
was comparable to that of TBIL and IBIL in predicting
PBC severity (Table 4). Figure 4a—e presents the ROC
curves for the soluble checkpoints and other laboratory
indexes for diagnosing PBC. Additionally, ROC analy-
ses were carried out to assess the diagnostic efficiency
of serum OX40, PD-1, PD-L1, and TIM-3 for predicting
the stage of PBC. Figure 5a—d depicts the ROC curves for
soluble OX40, PD-1, PD-L1, and TIM-3 in predicting the
disease severity (stage >III) of PBC.
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Table 4 Diagnostic performance of soluble checkpoints
compared with laboratory indexes in predicting PBC severity

Diagnostic performance for
patients with PBC

Diagnostic performance in
predicting PBC severity

P value P value
CD134 VSTBIL >0.05 PD-L1VSy-GT <001
CD134 VS IBIL >0.05 PD-L1VS ALP <0.01
TIM-3 VS TBIL >0.05 CD134VSy-GT <0.05
TIM-3 VS IBIL >0.05 CD134 VS ALP <0.05

Multivariate regression analysis of factors associated

with advanced PBC

Age, ALB, and CD134, which were associated with
advanced PBC in univariate analysis, were consid-
ered for inclusion in multivariable analysis. After
adjusting for potential confounders, lower ALB lev-
els (OR=0.661, P=0.003) and higher CD134 levels
(OR=1.014, P=0.022) were independently associated
with advanced PBC on multivariate analysis (Table 5).

The expression of CD134 and TIM-3 is upregulated

in the liver of patients with PBC

Compared with healthy controls, the expression of
CD134 and TIM-3 was increased in patients with PBC,
regardless of the positive area ratio or histochemistry
score (Fig. 6a—c).

Table 3 Diagnostic performance of soluble checkpoint and laboratory indexes in predicting PBC severity

Cutoff AUC Sensitivity% Specificity%
The diagnostic performance between HC and PBC PD-L1 68 0.9704 (0.9399 to 1.001) 100 920
CD134 89.15 0.9667 (0.9235 t0 1.010) 89.47 96.67
PD-1 2134 0.9219 (0.8157 to 1.028) 89.47 96.67
LAG-3 1.05 0.8373(0.7383 t0 0.9363) 84.21 80
TIM-3 252.7 0.7925 (0.6597 10 0.9253) 65 86.67
yGT 85 0.9577 (09176 t0 0.9978) 100 82.14
ALP 9235 0.9591 (0.9172 t0 1.001) 89.47 91.07
TBIL 15.75 0.6774 (0.5570 t0 0.7978) 7857 65
The diagnostic performance between early (stage I-Il) CD134 199.45 0.767 (0.623t0 0.911) 789 62.9
and late (stage Ill-IV) PBC TIM-3 361.5 0.765 (0.638 t0 0.893) 789 65.7
PD-1 302.6 0.669 (0.519t0 0.821) 789 514
PD-L1 116.65 0.681 (0.531t0 0.832) 63.2 74.3
LAG-3 1.35 0.594 (043110 0.757) 73.68 45.71
YGT 622 05028 (0.3254 t0 0.6802) 25 87.88
ALP 100 0.518 (03335 t0 0.7024) 25 93.94
TBIL 286 0.875 (0.7709 to 0.9791) 875 82.86
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the stage of PBC

Discussion

Early detection and treatment of diseases are crucial to
the success of a cure. In PBC, screening patients for the

status of PBC is pivotal because those with advanced
disease are at greater risk of developing severe compli-
cations. Although liver biopsy is the golden standard for
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Table 5 Multivariate regression analysis of factors associated with advanced PBC

Variable B S.E Wald P value OR 95% Cl for OR
Age —-0.09 0.053 2.902 0.088 0914 0.824-1.014
ALB -0414 0.137 9.07 0.003 0.661 0.505-0.865
CD134 0.014 0.006 5247 0.022 1.014 1.002-1.026
S.E standard error
a HC PBC b p=0.0021 c p=0.0002
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Fig. 6 The expression of CD134 and TIM-3 is upregulated in the liver of patient with PBC. The expression of CD134 and TIM-3 in the liver of patients
with PBC and healthy control (scale bar=50 pm) a. Positive area ratio: positive area/tissue area (b), histochemistry score (c) of CD134 and TIM-3

in the liver of patient with PBC and healthy control

identifying the stage of liver fibrosis, its invasive nature
limits its clinical application. The liver is a central immu-
nological organ with a large number of myeloid and lym-
phoid immune cells [8]. Immune checkpoints play pivotal
roles in regulating the immune response in autoimmune
diseases, making them potentially useful as indicators of
disease severity. In our study, we identified a series of sol-
uble immune checkpoint-related proteins associated with
laboratory indexes of patients with PBC.

CD134 (OX40, TNFRSF4) was initially identified asa T
cell activation marker but was later found to be a mem-
ber of the nerve growth factor receptor (NGFR) / tumour
necrosis factor receptor (TNFR) superfamily with co-
activation function. It is primarily expressed on activated
effector T cells and regulatory T cells (Tregs), as well as
natural killer T cells, natural killer (NK) cells and neu-
trophils. Its ligand, OX40L, is expressed on antigen-pre-
senting cells such as dendritic and B cells. Soluble OX40
activation upregulates antigen presentation, chemokine
receptor expression, and proinflammatory cytokine pro-
duction by hepatic monocytes. Additionally, plasma-sol-
uble OX40 levels are positively associated with patients

with non-alcoholic steatohepatitis, revealing the clinical
relevance of the findings [9]. In our study, we found that
soluble CD134 was significantly increased in patients
with PBC, and the titer of soluble CD134 was positively
related to the severity of PBC. Moreover, we identified a
positive correlation between serum soluble CD134 lev-
els and laboratory parameters for liver injury and auto-
immunity, such as IgA and IgG, TB, TBIL, and IBIL, in
patients with PBC.

As another important immune checkpoint axis, PD-1/
PD-L1 has achieved great success in the development of
anti-tumor drugs. PD-1, also known as CD279, is a cell
surface receptor belonging to the immunoglobulin super-
family and is expressed on T and B cells. PD-1 binds to its
ligands, PD-L1, and functions as an immune checkpoint
by inhibiting T cell function. They are considered nega-
tive immune modulators that maintain homeostasis and
protect tissues from autoimmune responses. Both PD-1
and PDL have soluble forms that are produced through
proteolytic cleavage of membrane-bound proteins
[10]. Soluble PD-1 and PD-L1 functions were studied
in malignant and non-malignant diseases [11]. Soluble



Gao et al. European Journal of Medical Research (2023) 28:477

programmed death-1 levels are associated with disease
activity and treatment response in patients with autoim-
mune hepatitis in both adults and pediatric patients [12,
13]. Similarly, in our study, we found that soluble PD-1
and PD-L1 were significantly increased in patients with
PBC, and the titer of soluble PD-1 and PD-L1 were posi-
tively correlated with the severity of PBC. Like soluble
CD134, soluble PD-1 and PD-L1 levels positively corre-
late with liver function.

TIM-3, also known as HAVCR2, is an inhibitory recep-
tor expressed on the surface membrane of activated T
cells, Treg cells, macrophages/monocytes and NK cells
[14, 15]. sTIM-3 is the soluble form of TIM-3 in blood
circulation, derived from an alternatively spliced product
of the TIM-3 gene. Soluble TIM-3 competes with mem-
brane-expressed TIM-3 for binding to its ligand gal-9,
resulting in the modulation of TIM-3-mediated immune
response. However, there is limited evidence for altered
sTIM-3 in PBC. Here, we hypothesized that serum
sTIM-3 may reflect the severity of PBC. Consistent with
our hypothesis, compared with healthy controls, the
serum levels of sSTIM-3 increased in patients with PBC.
Correlation analysis indicated that sTIM-3 levels were
not only positively associated with the stage of PBC but
also positively associated with levels of TB, TBIL, IBIL,
GLB and negatively associated with CHE.

LAG-3, a membrane glycoprotein, functions as a
checkpoint to regulate immune cells, including T cell
activation, proliferation, cytokine production, and cytol-
ysis [16]. Numerous studies have confirmed the impor-
tance of LAG-3 in the pathogenesis of autoimmune
diseases [17—19]. Mature LAG-3 can be cleaved from the
cell membrane to produce another soluble form, sLAG-
3, which cooperates with the activity of T cells [20]. We
found that soluble LAG-3 was significantly increased in
patients with PBC. Correlation analysis indicated that
sLAG-3 levels were positively associated with IgG, AST,
TBA and DBIL levels and negatively associated with lev-
els of CHE.

In addition to the soluble checkpoint, we also tested the
expression of checkpoint in the liver of patients with PBC
and healthy control. Consistent with serological results,
the expression of CD134 and TIM-3 was upregulated in
the livers of patients with PBC.

To our knowledge, this study is the first to investigate
the relationship between immune checkpoints and PBC
staging and related biochemical indicators. These results
indicate the prognostic potential of these soluble immune
checkpoint-related proteins and unveiled potential bio-
logical mechanisms in PBC progression. Additionally,
our study, which utilised liver biopsy samples to inves-
tigate the expression of immune checkpoints on intra-
hepatic lymphocytes in patients with PBC, providing
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a more intuitive representation of the role of immune
checkpoints in the liver.

Despite these strengths, there are limitations to this
study. First, the sample size is small, and the majority
of patients with PBC were in the early stages (I and II),
making the subanalysis in different stages underpow-
ered. Thus, further studies with larger sample sizes are
needed. Second, we did not investigate the mechanisms
to determine the functional impact of soluble immune
checkpoints in PBC. Lastly, the absence of positive con-
trols, including Non-alcoholic Steatohepatitis (NASH),
Chronic Hepatitis B (CHB), and viral hepatitis, also
represents a limitation of this study. In forthcoming
research, we plan to incorporate these patient groups as
positive controls to enhance the comprehensiveness of
this study.

In summary, although the mechanism of soluble
immune checkpoints in PBC remains unclear, our results
showed a significant increase in soluble immune check-
points in patients with PBC compared to those in healthy
controls. They were correlated with disease severity, sug-
gesting that soluble immune checkpoints could be used
as a biological indicator for measuring disease severity.

Conclusions
Our study implies that the titer of serum soluble check-
point may be increased in Chinese patients with PBC.
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