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The relationship between the cluster of differentiation 226 (CD226)/T cell Ig and ITIM

domain (TIGIT) immune checkpoint and primary biliary cholangitis (PBC) pathogenesis

is unknown. Herein, PBC patients (n = 42) showed significantly higher proportions of

peripheral CD8+ T and CD4+ T cells expressing either CD226 or TIGIT than disease

(n = 25) and healthy (n = 30) controls. The percentage of CD8+TIGIT+ T cell was

negatively associated with total bilirubin, direct bilirubin, total bile acid, γ-glutamyl

transpeptidase, and alkaline phosphatase, but positively correlated with platelet count;

alkaline phosphatase was positively associated with the frequency of CD8+CD226+

T cell; and the CD226/TIGIT ratio of CD8+ T cell was positively associated with total

bilirubin, direct bilirubin, total bile acid, γ-glutamyl transpeptidase, alkaline phosphatase,

and aspartate aminotransferase to platelet ratio, but negatively correlated with albumin

and platelet count. The effector function of CD8+CD226+ T cells was more robust

than the CD8+CD226− counterparts. CD226 blockade reduced CD107a+, IFN-γ+, and

TNF-α+ proportions among CD8+CD226+ T cells, inhibiting CD8+ T cell proliferation. In

conclusion, CD226/TIGIT immune checkpoint imbalance is involved in the pathogenesis

of PBC. The CD226/TIGIT ratio of CD8+ T cell is a potential biomarker for evaluating

the disease status and the prognosis of PBC patients. Moreover, CD8+CD226+ T cells

represent a possible therapeutic target for PBC, and blocking CD226 could inhibit the

activity of this cell subset in vitro.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a chronic non-suppurative destructive cholangitis, characterized
by the progressive impairment of small and medium-sized intrahepatic bile ducts that leads to
liver fibrosis and potential cirrhosis (1). Anti-mitochondrial autoantibodies are detected in most
PBC patients and autoreactive lymphocyte infiltration is observed in their livers (2, 3). Although
autoimmunity plays a vital role in the pathogenesis of PBC, biologic therapies targeting the immune
system have not proven as successful as those directed at the bile ducts or fibrosis (4).
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Immune checkpoints are one of themost important regulatory
tools of the immune system. T-cell-related checkpoints have been
shown to be involved in immune escape during malignancies
(5). A recent study has indicated that the immune checkpoint
is responsible for the continuous expansion of the abnormal
immune response, making it a potential therapeutic target for
PBC (6).

One immune checkpoint pathway that includes two receptor,
cluster of differentiation 226 (CD226)/T cell Ig and ITIM domain
(TIGIT), has been drawing increasing attention from researchers.
TIGIT, a coinhibitory factor expressed on effector and memory
T cells, transfers a negative signal into cells expressing this
factor upon binding to its ligand CD155, mainly leading
to the suppression of the immunological response. CD226
competitively binds the same ligand and plays the opposite role in
regulating the immune system (7). The high frequency of TIGIT+

lymphocytes in cancer has been shown to be involved in the
escape from immune surveillance (8). Similarly, the frequencies
of TIGIT-expressing immune cells have been reported to be
associated with the disease activities of autoimmune diseases (9–
11). Interestingly, previous studies have shown that CD226 is also
involved in autoimmunity dysfunction. Aberrant expression of
peripheral CD226 has been observed in rheumatoid arthritis (12,
13), systemic lupus erythematosus (14, 15), and systemic sclerosis
(16). In addition, a CD226 gene polymorphism (rs763361 C>T)
has been shown to be associated with susceptibility to type 1
diabetes mellitus (17).

Although the functional competition relationship between
TIGIT and CD226 has been established, only a few studies have
explored the mechanism underlying their joint involvement in
disease pathogenesis. The autoimmune disease studies published
to date have mainly focused on one single receptor, i.e., either
TIGIT or CD226.

The role that TIGIT and CD226 play in the pathogenesis of
PBC is yet to be elucidated. Therefore, we performed this study
to assess the proportional changes and clinical associations of the
CD226/TIGIT immune checkpoint in T cells from PBC patients.
Based on the observed correlations, we further characterized the
alteration of T cell effector function and proliferation due to
CD226 blockade to explore the potential of the CD226/TIGIT
pathway as a therapeutic target.

MATERIALS AND METHODS

Participants
Peripheral blood samples were obtained from participants at
the Peking Union Medical College Hospital; 42 PBC patients
who fulfilled the diagnosis criteria (18), and showed no
other autoimmune or liver diseases were enrolled. The age-
and sex- matched disease controls (DCs) group contained
25 patients with other chronic liver diseases (including 11
non-alcoholic steatohepatitis, 8 alcoholic steatohepatitis, and 6
autoimmune hepatitis cases), and the healthy controls (HCs)
group included 30 apparently healthy participants. Liver function
test results and immunoglobulin levels were collected from
the participants. The aspartate aminotransferase to platelet
ratio was calculated according to the following formula:

[(glutamic oxaloacetic transaminase/upper limit of normal
glutamic oxaloacetic transaminase level) × 100]/ platelet count
(109/L). The clinical data are summarized in Table 1. This
study was approved by the Ethics Committee of the Peking
Union Medical College Hospital; written informed consent was
obtained from all participants.

Cell Preparation
Overnight fasting venous blood samples were collected from
the study participants by venipuncture using sterile, EDTA-
treated tubes (BD Biosciences, San Jose, USA). Peripheral
blood mononuclear cells (PBMCs) were separated by density
gradient centrifugation (Histopaque-1077; Sigma-Aldrich,
Merck, Darmstadt, Germany).

Monoclonal Antibodies for Flow Cytometry
The following monoclonal antibodies were used: anti-CD3-APC-
H7 (SK7), anti-CD4-PerCP/Cy5.5 (RPA-T4), anti-CD8-PE-Cy7
(RPA-T8), anti-CD25-APC (3C7), anti-CD226-FITC (DX11),
anti-CD107a-PE-CF594 (H4A3), anti-HLA-DR-APC (TU36),
anti-TNF-α-APC (Mab11), and anti-IFN-γ-PerCP-Cy5.5
(B27) antibodies, purchased from BD Bioscience; anti-TIGIT-
PE (MBSA43) and anti-TIGIT-APC (MBSA43) antibodies,
purchased from ThermoFisher (Waltham, MA, USA); and
anti-CD226-PerCP/Cy5.5 (11A8) antibodies, purchased from
BioLegend (San Diego, California, USA).

Data were acquired using a FACSAria II (BD Biosciences)
instrument, followed by analysis with FlowJo software version
7.6 (TreeStar, Ashland, OR, USA). A control antibody of the
respective IgG isotype was included in all experiments.

Cell Immunophenotypic Analysis
In order to measure the expression of surface markers CD226
and TIGIT on T cells, PBMCs were resuspended in PBS
and then stained with anti-CD3, anti-CD4, anti-CD8, anti-
CD25, anti-CD226, and anti-TIGIT antibodies. Non-regulatory
T (Treg) CD4+ and CD8+ cells were initially identified using
fluorochrome-conjugated anti-CD3, anti-CD4, anti-CD8, and
anti-CD25 antibodies. The CD4+ and CD8+ T cells were then
further subdivided into the TIGIT+, TIGIT−, CD226+, and
CD226− subsets by TIGIT or CD226 staining. Relative data are
presented as the percentage of CD226+ or TIGIT+ cells among
CD4+ or CD8+ T cells.

Functional in vitro Assay
PBMCs were washed in PBS containing Ca2+ and resuspended
in RPMI 1640 plus 10% fetal bovine serum. Leukocyte activation
cocktail containing GolgiPlug (BD Biosciences) was added and
the cells, which were then cultured at 37◦C in a humidified
atmosphere containing 5% CO2 for 4 h for their activation. Next,
human leukocyte antigen-DR isotype (HLA-DR) was stained to
determine the activation status of the T cells. For intracellular
staining, the cells were subsequently fixed and permeabilized
using the IntraSure Kit (BD Biosciences) and TNF-α and IFN-γ
were then stained with the respective monoclonal antibodies.
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TABLE 1 | Characteristics of the enrolled participants.

Primary biliary cholangitis Disease controls Healthy controls

(n = 42) (n = 25) (n = 30)

Age (years old) 58 (30–76) 51 (27–69) 53 (25–67)

Female gender (n, %) 39, 92.9% 21, 84.0% 26, 86.7%

Alanine aminotransferase 29.5 (9.0–251.0) 46.0 (13.0–182.0) 12.0 (2.0–16.0)

Aspartate aminotransferase 41.0 (16.0–198.0) 24.0 (16.0–124.0) 19.0 (11.0–36.0)

Alkaline phosphatase 133.5 (55.0–909.0) 121.0 (53.0–708.0) 62.0 (30.0–89.0)

γ-glutamyl transpeptidase 69.5 (11.0–745.0) 57.0 (20.0–624.0) 17.0 (3.2–29.0)

Total bilirubin 14.0 (4.9–74.7) 11.3 (6.3–57.2) 7.0 (2.1–16.0)

Direct bilirubin 4.7 (1.4–44.2) 5.5 (1.9–35.0) 1.5 (0.6–5.4)

Total bile acid 9.70(1.4–436.9)† 8.8 (0.5–303.3) 2.7 (1.2–9.0)

Albumin 43.0 (27.0–48.0) 46.5 (41.0–50.0) 31.0 (23.0–50.0)

Immunoglobulin G 15.2 (8.5–33.2)‡ 15.7 (10.4–24.5) 12.0 (8.8–16.7)

Immunoglobulin A 2.8 (0.3–5.4)‡ 2.8 (1.6–3.2) 2.1 (0.5–3.9)

Immunoglobulin M 2.1 (0.6–8.5)‡ 1.2 (0.7–2.0) 1.4 (0.5–2.3)

Platelet count 230 (51–305)* 242 (115–376) ND

Aspartate aminotransferase to platelet ratio 0.7 (0.2–2.6)* 0.4 (0.2–1.0) ND

Anti-mitochondrial antibody positive (n) 38 0 0

Anti-gp210 antibody positive (n) 11§ 0 ND

Anti-sp100 antibody positive (n) 4§ 0 ND

All the PBC patients were undergo ursodeoxycholic acid treatment only. Data were depicted as Median (Min, Max) otherwise. Reference interval: Alanine aminotransferase: 7–40 U/L;

Aspartate aminotransferase: 13–35 U/L; Alkaline phosphatase: 35–100 U/L; γ-glutamyl transpeptidase: 7–45 U/L; Total bilirubin: 5.1–22.2 µmol/L; Direct bilirubin: 0–6.8 µmol/L; Total

bile acid: <10 µmol/L; Albumin: 35–52 g/L; Immunoglobulin G: 7–17 g/L; Immunoglobulin A: 0.7–4 g/L; Immunoglobulin M: 0.4–2.3 g/L; Platelet: 100–350 × 109/L; Anti-mitochondrial

antibody: <1:80; Anti-gp210 antibody: Negative; Anti-sp100 antibody: Negative.
†
Available in 39 PBC patients;

‡
Available in 32 PBC patients; *Available in 35 PBC patients; §Available

in 23 PBC patients. ND, not detected.

CD226 Blocking
In order to block CD226, PBMCs were washed and resuspended
and an anti-CD226-FITC antibody, which can facilitate CD226
blocking, as well as the subsequent flow cytometry analysis, was
then added, followed by incubation for 20min. Next, leukocyte
activation cocktail containing GolgiPlug was added for 4 h to
activate the cells. CD3, CD4, CD8, CD107a, IFN-γ, and TNF-α
were stained as described above to determine the functional and
activation changes in T cells due to CD226 blocking.

To assess the proliferation, PBMCs were stained with 1µM
carboxyfluorescein diacetate succinimidyl ester (CFSE; Sigma-
Aldrich) at 37◦C for 15min, and then washed and resuspended
in RPMI 1640 medium containing 10% fetal bovine serum.
These labeled PBMCs were incubated with mouse anti-human
CD3 (5µg/mL; BD Bioscience) and mouse anti-human CD28
(5µg/mL; BD Bioscience) antibodies for 72 h at 37◦C in a
humidified atmosphere containing 5% CO2, until the surface
markers CD3, CD4, and CD8 were stained; then, the cells were
analyzed by flow cytometry. In order to avoid a quenching effect,
most of the above-mentioned procedures were performed in
the dark.

Statistical Analysis
All data are presented as the means± standard deviations, unless
otherwise noted. The Kolmogorov-Smirnov test and Shapiro-
Wilk test were used to analyze normality. A paired or unpaired
t-test was used to compare the data from the two groups and
Welch’s correction was applied when the data had a non-normal

distribution. Pearson’ correlation or Spearman’s rank correlation
analysis was used for normally distributed or non-parametric
variables, respectively. Statistical analyses were performed using
GraphPad Prism Version 5.0 (GraphPad, San Diego, CA, USA).

RESULTS

Phenotypic and Clinical Associations of
CD226 and TIGIT on T Cells
Significantly increased frequency of CD8+CD226+T cells was
found in PBC patients compared to that in the DCs (71.81 ±

11.99 vs. 55.67 ± 13.66, p < 0.001) and HCs (71.81 ± 11.99 vs.
52.04 ± 14.12, p < 0.001) (Figure 1A). The patients with PBC
also showed a markedly increased percentage of CD8+TIGIT+ T
cells than the DCs (60.0± 15.60 vs. 46.44± 15.85, p= 0.011) and
HCs (60.0± 15.60 vs. 41.73± 12.92, p < 0.001) (Figure 1B).

With regard to the phenotypic analysis of CD4+T cells, the
percentage of CD4+CD226+ T cells was significantly higher in
PBC patients than in DCs (63.07 ± 13.30 vs. 52.55 ± 8.54, p <

0.001) and HCs (63.07 ± 13.30 vs. 50.10 ± 11.70, p < 0.001)
(Figure 1C). When comparing the proportions of CD4+TGIT+

T cells among the groups, only the difference between the PBC
patients and HCs was significant (31.50 ± 8.70 vs. 26.20 ± 7.10,
p= 0.032) (Figure 1D).

In CD8+T cells, the frequency of TIGIT+ cells was negatively
associated with total bilirubin (r = −0.38, p = 0.01), direct
bilirubin (r = −0.43, p < 0.01), total bile acid (r = −0.35,
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FIGURE 1 | Frequencies of CD226- and TIGIT-positivity in peripheral T cells from PBC patients, disease controls, and healthy controls. Proportional comparison of the

peripheral CD8+CD226+ T cells (A), CD8+TIGIT+ T cells (B), CD4+CD226+ T cells (C), and CD4+TIGIT+ T cells (D) among groups. The data of each group are

presented as the means ± standard deviations. *p < 0.05; **p < 0.01; ***p<0.001.

p = 0.03), γ-glutamyl transpeptidase (r = −0.35, p =

0.02), and alkaline phosphatase (r = −0.39, p = 0.01), but
positively correlated with platelet count (r = 0.38, p = 0.03).
Moreover, alkaline phosphatase was positively associated with the
proportion of CD8+CD226+ T cells (r = 0.37, p = 0.02). The
clinical association observed between the proportion of TIGIT+

cells among the CD4+ T cells and that of CD226+ cells among
the CD4+ T cells was not significant. No clinical association was
observed in DCs and HCs.

Clinical Associations of the CD226/TIGIT
Ratio in PBC
As CD226 and TIGIT play diverse roles in the immune system, a
value combing both might represent the real status of the entire
immune system. Therefore, we introduced a CD226/TIGIT ratio,
calculated as the proportion of CD226+ cells among CD8+T
cells divided by that of TIGIT+ cells among CD8+T cells or the
percentage of CD226+ cells among CD4+T cells divided by that
of TIGIT+ cells among CD4+T cells. The CD226/TIGIT ratio of
CD8+T cells was positively associated with total bilirubin (r =
0.31, p = 0.04), direct bilirubin (r = 0.35, p = 0.02), total bile
acid (r = 0.47, p < 0.01), γ-glutamyl transpeptidase (r = 0.31,
p = 0.04), alkaline phosphatase (r = 0.42, p < 0.01), and the
aspartate aminotransferase to platelet ratio (r = 0.35, p = 0.04),
but negatively correlated with albumin (r =−0.40, p= 0.02) and
platelet count (r = −0.34, p = 0.04). No clinical association was
found in DCs and HCs. As the CD8+ T cells showed important
clinical associations in PBC, we decided to focus on these cells in
subsequent experiments.

Activation Status of T Cells in PBC
HLA-DR, a late T cell activation marker, was used to evaluate
the activation status of T cells in PBC. The proportion of
TIGIT was significantly increased in HLA-DR+CD8+ T cells
compared with HLA-DR−CD8+ T cells (63.15 ± 17.39 vs. 42.6
± 13.99, p < 0.01), which is in accordance with a previous report
that the expression of TIGIT might be regulated by negative
feedback from an over-activated immune response. Combing
with the negative clinical correlation found in the frequency of
CD8+TIGIT+ T cells and the CD226/TIGIT ratio of CD8+ T

cells, TIGIT appears to play a protective role in the development
of PBC.

Influence of CD226 Blocking on T Cells
Based on the observed results, we further explored the
elevated expression of CD226 and its relationship with disease
deterioration. The effector function of T cells was evaluated
by staining for CD107a, IFN-γ, and TNF-α, and results
showed that CD226+ T cells were more robust than CD226−

counterparts (Figures 2A–C, 3A,B). Thus, we next examined
whether reducing CD226 efficiency could alleviate T cell
overactivity in PBC.

Blocking CD226 on CD8+T cells from PBC patients resulted
in significantly decreased frequencies of CD107a+ (81.12 ±

5.05 vs. 72.73 ± 7.75, p = 0.032; Figure 2D), IFN-γ+ (69.18
± 6.73 vs. 52.86 ± 15.58, p = 0.024; Figure 2E), and TNF-
α
+ (76.42 ± 5.88 vs. 58.56 ± 14.71, p = 0.021; Figure 2F)

cells among CD8+CD226+T cells, compared with non-blocked
cells. Moreover, significantly reduced percentages of IFN-γ+

(45.0 ± 5.12 vs. 38.12 ± 8.82, p = 0.016; Figure 3C) and TNF-
α
+ (88.30 ± 2.97 vs. 78.74 ± 7.49, p = 0.011; Figure 3D)

were also observed in CD226-blocked CD4+ T cells from PBC
patients. The proliferation of CD226+ T cells also could be
inhibited by CD226 blockade (Figure 4). In summary, our results
imply that the CD226 blockade led to the suppression of the
effector function and proliferation in both CD4+CD226+ T and
CD8+CD226+ T cells in PBC patients.

DISCUSSION

Previous researches have confirmed that biologics targeting
immune checkpoints, such as abatacept, which targets the CTLA-
4 related immune checkpoint, have high potential for clinical
application in treating autoimmune diseases (19). However,
abatacept has not demonstrated any efficacy in PBC; no
biochemical responses or improved clinical outcomes were
observed during treatment (20), indicating that the excessive
autoimmune response in PBC might be due to other immune
checkpoints. In recent years, CD226/TIGIT, a novel immune
checkpoint, was identified; it is considered as one of the most
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FIGURE 2 | Influence of CD226 blocking on CD8+T cells from PBC patients. Comparison of the effector function between CD8+CD226+ T cells and their

CD8+CD226− counterparts by CD107a (A), IFN-γ (B), and TNF-α (C) staining. The functional alteration of CD8+ T cells by CD226 blocking in terms of CD107a (D),

IFN-γ (E), and TNF-α (F) expression. The data of each group are presented as the means ± standard deviations. *p < 0.05; ***p < 0.001.

important brakes of the immune system (7, 21). To date,
the CD226/TIGIT pathway has been explored and successfully
applied in the clinical treatment of several diseases (21, 22).
Previous genome-wide association studies also revealed an
important link between the CD226/TIGIT immune checkpoint
and autoimmune diseases (17); however, its relationship with the
pathogenesis of PBC has not been illustrated. In this study, we
explored the CD226/TIGIT pathway balance in PBC patients for
the first time.

Comparing with the controls, increased frequencies of
CD226 and TIGIT on T cells were observed in PBC patients.
Interestingly, significant clinical associations between the
CD226/TIGIT immune checkpoint and PBC disease status were
found in CD8+ T cells, but not CD4+ T cells. As we know,
CD8+ T cells represent a T cell subset that extensively infiltrate
liver lesions in PBC. More importantly, CD8+ T cells in PBC
have been reported to play an adoptive transfer role that could
induce autoimmune cholangitis (23). Our results not only add
to the growing evidence that CD8+ T cell abnormality plays a
vital role in the pathogenesis of PBC, but also indicate a potential
pathway by which the CD226/TIGIT immune checkpoint might
be involved in the adoptive transfer of PBC by CD8+ T cells.

The main difference between our study and previous studies
investigating TIGIT or CD226 in autoimmune diseases (9–15, 17)
is that we simultaneously explored the T cells expired molecular,
TIGIT, as well as its competitive receptor, CD226. Considering
the opposite role of these checkpoint molecules play in the T cells
activity, we introduced the CD226/TIGIT ratio value for the first
time. Statistical analysis showed the CD226/TIGIT ratio of CD8+

T cells has more clinical correlations than that of CD8+CD226+

T cells and CD8+TIGIT+ T cells in PBC patients. These
significant associations imply that an imbalance between CD226
and TIGIT exists in the CD8+ T cells of PBC patients, which
could lead to liver damage when the proportion of CD226+

cells among the CD8+T cells is higher than that of TIGIT+

cells among the CD8+T cells, presenting as elevated digestive
enzyme levels in serum and decreased ability of synthesizing liver
proteins such as albumin. More importantly, the CD226/TIGIT
ratio of CD8+T cells was positively correlated with the
aspartate aminotransferase to platelet ratio, a prognostic factor
of fibrosis, suggesting that this ratio could serve as a potential
prognostic biomarker.

In PBC patients, the CD8+T cells expressing HLA-DR
contained a higher frequency of TIGIT+ cells, which is in
accordance with previous reports (9, 10) that the expression
of TIGIT is regulated by negative feedback on activated cells.
Therefore, TIGIT may serve as a protective factor in PBC, which
is different from the role that TIGIT plays in malignancies
(8). On the other hand, based on the observed correlation, the
elevated frequency of CD8+CD226+ T cells may be a risk factor
for PBC patients. Moreover, increased frequencies of IFN-γ-
and TNF-α-producing cells were observed in CD8+CD226+

T cells, indicating that they possess a more robust effector
function than CD8+CD226− T cells. CD107a expressed on
the membrane of lytic granules is transiently exposed to the
extracellular side of the CD8+ T cells during degranulation,
an important pathway by which CD8+ T cells exert their
cytotoxicity. Previous studies have confirmed that CD107a
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FIGURE 3 | Influence of CD226 blocking on CD4+T cells from PBC patients. Comparison of the effector function between CD4+CD226+ T cells and their

CD4+CD226− counterparts by IFN-γ (A) and TNF-α (B) staining. The functional alteration of CD4+ T cells by CD226 blocking in terms of IFN-γ (C) and TNF-α (D)

expression. The data of each group are presented as the means ± standard deviations. *p < 0.05; ***p < 0.001.

FIGURE 4 | Influence of CD226 blocking on the proliferation of T cells from PBC patients. (A) CD8+ T cells; (B) CD4+ T cells.

not only indicates the occurrence of degranulation, but is
also a sensitive marker for evaluating the activity of cytotoxic
cells (24, 25). Higher percentages of CD107a+ cells among
CD8+CD226+ T cells were observed in PBC patients, implying
that they have greater cytotoxicity than their CD8+CD226−

counterparts. Taken together, these results confirm that
CD8+CD226+ T cells are the dominant proinflammatory subsets
in PBC.

A recent open-label study has shown that the biological agent
abatacept lacks clinical efficacy in PBC, possibly because it could
not reduce the frequency of terminally differentiated T cells,
especially, CD8+T cells (20). Based on the multiple clinical
associations and the functional difference between the subsets
we observed, both CD226 blockade and enhancing the intrinsic
inhibitory properties of TIGIT in PBC patients are potential
therapeutic targets for inhibiting terminally differentiated T
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cells. We first attempted to block the CD226 pathway in
PBMCs from PBC patients and found that CD226 blocking
could not only suppress the proliferation of T cells, but also
inhibit their cytotoxic function by decreasing the expression
of CD107a and reducing the cytokine production of IFN-
γ and TNF-α. With regard to enhancing the expression of
TIGIT, we tried to use several commercial TIGIT antibodies as
agonists for in vitro experiments; however, our initial results
showed that the clones we used could not effectively enhance
the inhibitory function of TIGIT (data not shown). Previous
studies have shown that different anti-TIGIT antibody clones
have diverse biological functions and that they can act as TIGIT-
blocking antibodies, have agonistic activity on TIGIT, or have
no influence on T cells (26). Therefore, further studies should
attempt to generate agonistic anti-TIGIT antibodies based on the
method used by Joller et al. (27), and then assess the value of
agonistic anti-TIGIT antibodies in treating PBC. Obviously, well-
designed in vivo studies are also needed to validate the efficiency
of the CD226 blockade and TIGIT enhancement therapies
in PBC.

In addition to proinflammatory T cells, the CD226/TIGIT
immune checkpoint also has an important role in modifying the
function of Treg cells and dendritic cells (7, 8). For example,
TIGIT+ Treg cells exhibit a more robust immunosuppressive
function and promote the expression of the inhibitory factor
IL-10. Furthermore, the expression of TIGIT is correlated
with the lineage stability of Treg cells. However, the role
CD226 plays in Treg cells is opposite to that of TIGIT.
Considering that Treg and dendritic cells are involved
in the pathogenesis of autoimmune disease, exploring
the balance of the CD226/TIGIT immune checkpoint
in these cells is also needed for a deeper understanding
of PBC.

There is one limitation of this study should be noted; no
histopathological data were obtained owing to the invasive and
risky nature of biopsies and the requirements of the ethics
committee. Exploring the balance of CD226/TIGIT in infiltrating
CD8+ T cells from liver lesions and their correlation with
the observed alteration of peripheral CD8+ T cells may help

further elucidate the role this immune checkpoint plays in the
pathogenesis of PBC.

In summary, imbalance of the CD226/TIGIT immune
checkpoint is involved in the pathogenesis of PBC. The
CD226/TIGIT ratio of CD8+ T cells is a potential biomarker
for evaluating disease status and the prognosis of PBC patients.
Moreover, CD8+CD226+ T cells could serve as a possible
therapeutic target and CD226 blocking could inhibit the activity
of this cell subset; however, further in vivo studies are required to
verify these findings.
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