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Abstract 

 

Background & Aim:  Recent studies have demonstrated that  B cells and 

follicular helper T (Tfh) cells, which are central  regulators of humoral 

immune response, contribute to the development and progression of 

autoimmune diseases . Because Tfh cells can be divided into several subsets 

with distinct functional properties , this study aimed to examine the roles of 

different subsets of circulating Tfh cells in the immune pathogenesis of 

autoimmune hepatitis (AIH). 

Methods:  Thirty-five patients with AIH, 28 patients with primary biliary 

cholangitis , 24 patients with chronic hepatitis B (CHB), and 44 health controls 

(HC) were enrolled. The frequencies of different Tfh subsets  in the blood and 

liver were examined by flow cytometry and immunohistochemical staining. 

The function of circulating Tfh subsets was examined after in vitro  

stimulation.  

Results:  In newly diagnosed AIH patients, the frequency of circulating 

chemokine C-C receptor 7 (CCR7)
-
 programmed cell death-1 (PD-1)

+
 Tfh 

subset  was significantly increased compared with that in CHB patients and HC, 

significantly correlated with clinical  parameters, including serum IgG, 
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prothrombin time and albumin levels,  and significantly decreased after 

corticosteroid treatment . In the liver of AIH patients,  the frequencies of 

activated Tfh subsets  were significantly increased and posit ively correlated 

with those in the blood. Moreover, the ability to produce interleukin (IL)-21 

and IL-17 from circulating Tfh cells was significantly increased in AIH 

patients compared with HC. 

Conclusions:  These results significantly extend our understanding of Tfh 

subsets in AIH, and suggest  a potential role of dysregulated CCR7
-
PD-1

+
 Tfh 

subset in the pathogenesis and disease progression of AIH.  
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Introduction 

 

Autoimmune hepatitis (AIH) shows varied clinical  manifestations raging from 

asymptomatic, mild chronic hepati tis to acute-onset fulminant liver failure.
1 ,2

 

AIH typically presents as asymptomatic or mild chronic hepatit is , and the 

majority of patients initially respond well to corticosteroid . After initial  

remission, long-term maintenance therapy is required, but even after liver 

inflammation disappears completely,  13% of the patients eventually 

experience a relapse.
3 ,4

 Besides the difficulty in sust aining remission, AIH 

progressing to acute liver failure often responds poorly to corticosteroid 

treatment and needs liver transplantation. Therefore, elucidating the 

pathogenesis of AIH is still  essential for the management of patients with 

AIH. 

Although liver-infil trating T cells are considered as the primary 

mediators of inflammatory liver damage , it  is unclear how the dysregulated T 

cells trigger the development of AIH.
1 ,2 ,4

 Recent studies have implicated that 

B cells also contribute to the development and progression of AIH .
5
 Activated 

B cells differentiate into plasma cells that secrete antibodies, including 

autoantibodies such as anti -nuclear antibodies (ANA) or anti -smooth muscle 
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antibodies (SMA). Activated B cells also can function as antigen presenting 

cells to present antigen determinants for inducing T cell activation .
6
 However, 

the mechanism of dysregulation of B cells and the interaction between T cells 

and B cells in AIH remains to be elucidated.  

The activation and functional differentiation of B cells are regulated by 

CD4
+
 T cells, particularly by follicular helper T (Tfh) cells, which are central  

regulators of humoral immune response.
7
 Tfh cells are characterized by 

increased expression of chemokine C-X-C receptor (CXCR) 5, inducible 

co-stimulator ( ICOS), programmed cell  death-1 (PD-1),  CD40-ligand and 

transcription factor B-cell lymphoma 6 (Bcl-6), and secrete interleukin 

(IL)-21, which are important for their function.
8
 Dysregulated Tfh cells have 

been show to play an important role in the induction and progression of 

murine model of AIH,
4 ,9

 and the frequency of Tfh cells was reported to be 

significantly increased in human AIH and primary bil iary cholangitis  

(PBC).
1 0 ,11

 

Recent studies have shown that Tfh cells were composed of 

heterogeneous cell  populations and can be divided into several  subsets with 

distinct functional properties , such as Tfh1, Tfh2, and Tfh17,
1 2 -1 6

 but the 

precise evaluation of those Tfh subsets in autoimmune liver disease s has not 
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been performed yet . Therefore,  in the present study, we examined the 

frequencies of Tfh cells and different  Tfh subsets in the blood and l iver of 

patients with AIH and PBC in order to evaluate their potential  role in the 

immune pathogenesis of AIH and PBC.  

 

Methods 

 

Subjects 

A total  of 35 patients with AIH, 28 patients with PBC, and 22 patients with 

chronic hepatitis B (CHB) were sequentially enrolled in this study at the 

Niigata University Medical and Dental Hospital . The patients with AIH were 

categorized into two groups as follows: a group of patients who were newly 

diagnosed and corticosteroid treatment -naive (AIH at  onset , n = 12) and a 

group of patients who were previously diagnosed and under the treatment  

(AIH with treatment, n = 23). All  the patients with AIH were diagnosed as 

definite type I AIH.
1 7 ,1 8

 All the PBC patients were previously diagnosed and 

treated by ursodeoxycholic acid  (UDCA) (according to the weight -based dose, 

13-15mg/kg/day).  Forty-four healthy individuals who had no history of any 

chronic inflammatory disease were used as healthy controls (HC) . Liver 
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biopsy samples were also obtained from 19 patients with AIH, 26 patients with 

PBC, and 12 patients with CHB. This work was conducted in accordance with 

the Declaration of Helsinki. Written informed consent under insti tutional 

review board-approved protocols (approval no.  1906) at Niigata University 

Medical and Dental Hospital  was appropriately obtained from all t he 

individuals enrolled in the study.  

 

Clinical examination, follow-up and outcome measures 

The demographic and clinical  characteristics of these subjects are indicated in  

Table 1. All  the treatment-naïve AIH patients received standard prednisolone 

(PSL) therapy at a daily dose of 0.5 to 0.8 mg/kg of body weight.  At the onset  

of PSL treatment, and at 6 weeks after treatment when their laboratory data 

were improved within normal ranges, peripheral blood was collected at each 

visit and frequency of Tfh cell s and their surface expression were analyzed.  

 

Flow cytometry analysis  

Venous blood samples were collected from individual subjects . Liver 

specimens were pressed through 200 -gauge stainless steel mesh and suspended 

in Eagle’s MEM medium (Life Technologies,  Grand Island, NY, USA), 
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supplemented with 5 mM HEPES and 10% heat -inactivated fetal calf serum 

(FCS). Mononuclear cells were then separated by density -gradient 

centrifugation using Ficoll -Paque Plus  (GE Healthcare UK Ltd, Little 

Chalfont, UK). Cells were stained by following monoclonal antibodies :  

FITC-conjugated anti-CD4 (SK3); PE-conjugated anti -CD56 (B159), 

anti-CCR7 (3D12), anti-CXCR3 (1C6),  anti-PD-1 (EH12.1), anti-CD45RA 

(HI100) (BD Pharmingen, San Diego, CA, USA), and anti -ICOS (669222, 

R&D Systems Inc. , Minneapolis, MN, USA);  PerCP-Cy5.5-conjugated 

anti-PD-1 (SH12.1) and anti-CCR6 (11A9) (BD Pharmingen);  

PerCP-eFluor710-conjugated anti -CD3 (SK7);  APC-conjugated anti-CXCR5 

(MU5UBEE) (eBiosicence, San Diego, CA, USA)  for 30 min. After being 

washed with phosphate-buffered saline (PBS), the cells were characterized on 

a FACSCalibur (Beckton-Dickinson, San Diego, CA, USA) and at  least  50 ,000 

events were analyzed by Flow-Jo software (v5.7.2,  TreeStar Inc.,  Ashland, OR, 

USA). 

 

 

 

 



 

 

This article is protected by copyright. All rights reserved. 

Cell culture and in vitro stimulation  

Peripheral blood mononuclear cell s were initially rested in DMEM medium 

supplemented with 10% FCS for 30 min at 37°C and then activated with (1) 50  

ng/ml phorbol myristate acetate (PMA) (Sigma-Aldrich, St . Louis, MO, USA) 

and 500 ng/ml ionomycin (Sigma-Aldrich) for 5  h at 37°C for IL-21 

production assays;  or (2) with 5  ng/ml PMA and 100 ng/ml ionomycin for 5 h 

at 37°C for IL-17 and interferon ( IFN)-γ production assays.  In both 

stimulation conditions,  0.67  μl/ml BD GolgiPlug (BD Biosciences,  San Jose, 

CA, USA) was added when 3 h after start ing cell culture. After activation, 

PBMCs were harvested, and stained with Fixable Viability  Dye eFluor780 

(eBiosicence) for 20 min at  4°C. Cells were stained with 

fluorochrome-conjugated antibodies against surface receptors , including 

FITC-conjugated anti -CD4 (SK3), PE-conjugated anti -IL-21R (17A12) (BD 

Biosciences), and APC-conjugated anti-CXCR5 antibodies (MU5UBEE, 

eBiosicence),  for 30 min at  4°C. Fixation and permeabilisation  was performed 

using Fix/Perm Buffer set (BioLegend , San Diego, CA, USA) and cells were 

then stained with the respective intracellular antibodies , including 

PE-conjugated anti -IL21 (3A3-N2.1),  anti -IFN-γ  (B27), and anti-IL-17 

(SCPL1362) antibodies (BD Biosciences),  for 30 min at 4°C. 
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Immunohistochemical analysis  

Tissue sections were first deparaffinized with xylene and the rehydrated 

through graded alcohol.  To retrieve antigenicity,  sections were immersed in 

pH 6.0 citrate buffer. After autoclaving and blocking endogenous peroxidase 

activity,  sections were then incubated with a series of antibodies at  a 1:500 

dilution in PBS supplemented with 3% BSA at 4ºC overnight.  

Immunohistochemical detection was performed according to  the 

avidin-biotin-peroxidase complex method using the Vectastain Elite ABC kit  

(Vector Laboratories Inc., Burlingame, CA, USA). Sections were finally 

developed with diaminobenzidine substrate (Muto Pure Chemicals,  Tokyo, 

Japan).  Specimens then were counterstained with He matoxylin-eosin and 

mounted. 

 

Statistical analysis  

All statistics were performed using SPSS software (Ver.18, SPSS Inc.,  

Chicago, IL, USA). The significance of differences was analyzed statistically 

by the compared t  test with Welch’s correction, or Mann -Whitney U  test , 

whereas comparisons between the same individual were performed with 

Wilcoxon’s matched-pairs test .  Kruskal-Wallis test followed by the 
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Steel-Dwass post-hoc test  was used to compare more than two groups .  The 

relationship between two variables was evaluated using the Spearman rank 

correlation test.  In all cases, the level of significance was set at P  value <0.05. 

 

Results  

 

Increased frequency of Tfh cells in AIH at onset  and PBC 

As shown in Fig.  1A, Tfh cells were identified as cells express ing 

CXCR5
+
CD4

+
 cells among CD3

+
 cells (Tfh/CD3

+
) and PD-1

+
CXCR5

+
 cells 

among CD4
+
 cells (PD-1

+
CXCR5

+
/CD4

+
). The proportion of Tfh/CD3

+
 was 

significantly increased in patients with AIH at onset and PBC compared with 

those in other groups (all P  values <0.05) (Fig. 1B). The proportion of 

PD-1
+
CXCR5

+
/CD4

+
 was also increased in patients with AIH at onset and PBC 

compared with those in other groups all P  values <0.05) (Fig. 1C). These 

results indicate an increase in the circulating Tfh cells in patients with AIH at  

onset  and PBC as well as a difference between patients with AIH at onset  and 

AIH with treatment.  
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Changes in frequencies of Tfh subsets  

Tfh cells can be subdivided by the expression of CXCR3 and PD-1.
1 9

 PD-1
+
 

Tfh subsets can be further subdivided into two subgroups accor ding to the 

expression of ICOS, and ICOS
+
PD-1

+
 subpopulation represents activated Tfh 

cells,  which were barely present in health y individuals.
2 0

 We found that  the 

expression of CXCR3 on CD4
+
CXCR5

+
PD-1

+
 cells was significantly 

decreased in the AIH patients with treatment  compared to other groups (all P  

values <0.05) (Fig.  2A).  However, the expressions of other surface markers, 

including ICOS, chemokine C-C receptor (CCR) 6 and CD45RA, on 

CD4
+
CXCR5

+
PD-1

+
 and CD4

+
CXCR5

+
PD-1

-
 Tfh cells were not significantly 

different  among the patient groups (Fig. 2).  

Human peripheral Tfh cells can be also subdivided into three major  

subsets with distinguished biological functions according to expression of 

CXCR3 and CCR6; CXCR3
+
CCR6

-
 cells  that  share properties with Th1 cells 

(Tfh1),  CXCR3
-
CCR6

-
 cells  resembling Th2 cells (Tfh2),  and CXCR3

-
CCR6

+
 

cells resembling Th17 cells (Tfh17).
1 2

 Moreover, previous studies have shown 

that  CCR7
-
PD-1

+
 Tfh cells are defined as an activated subset and can produce 

IL-21 and promote antibody responses.
2 1

 Although no significant changes 

were found between the patients with AIH and other groups (Fig.  3 A), the 
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frequencies of Tfh2 was significantly decreased in  patients with PBC 

compared to those of AIH with treatment  and HCs (P  = 0.005 and 0.048, 

respectively) (Fig. 3A). The frequencies of activated CCR7
-
PD-1

+
 Tfh subsets 

were significantly increased in patients with AIH at  onset  and PBC compared 

to those in patients with AIH with treatment and HCs (all  P  values <0.05). 

These results indicate that an activated Tfh subset  was increased in patients 

with AIH at onset and PBC, ant that there was an imbalance of Tfh subsets in 

patients with PBC. 

 

Clinical relevance of CCR7
-
PD-1

+
 Tfh subset  in AIH  

As shown in Fig.  3B, the frequencies of CCR7
-
PD-1

+  
Tfh subset  was positively 

correlated with the levels of serum IgG  (r = 0.672, P  <0.01) in patients with 

AIH. We also found that  the frequency of CCR7
-
PD-1

+  
Tfh subset  was 

negatively correlated with the serum prothrombin time (PT) (r = -0.517, P  = 

0.028) and albumin levels (r  = -0.390, P  = 0.025) in patients  with AIH. 

Moreover,  although the number of examined pa tients was limited (n = 6), we 

investigated the changes in frequencies of CCR7
-
PD-1

+
 Tfh subsets in the 

blood of patients with AIH before and after PSL treatment  when the levels of 

serum asparate aminotransferase (AST), alanine transaminase (ALT)  and IgG 
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decreased to within normal ranges.  The frequency of activated CCR7
-
PD-1

+
 

Tfh subset significantly decreased after PSL treatment (P  = 0.040) (Fig.  3E).  

These results suggest  that  activated CCR7
-
PD-1

+  
Tfh subset plays an 

important role in the pathogenesis and disease progression of AIH, and that 

the frequency of CCR7
-
PD-1

+
 Tfh subset may be a useful predictor of 

effectiveness of PSL treatment and relapse of inflammation in patients with 

AIH. 

 

Increased cytokine production from Tfh cells in AIH patients  

CD4
+
CXCR5

+
 Tfh cells in the blood of AIH patients with treatment  produced 

significantly higher levels of IL-21, IFN-γ, and IL-17 compared to those in HC 

after PMA/ionomycin stimulation (P  = 0.044, <0.01, and 0.019, respectively)  

(Fig.  4A-C). In addition, the expression of  IL-21R on Tfh cells was 

significantly increased after PMA/ionomycin stimulation  compared to that in  

HCs (P  = 0.044) (Fig. 4D).  These results indicate that  Tfh cells in patients 

with AIH were more sensitive to st imulation and could produce higher amount 

of cytokines upon stimulation than Tfh cells in HC. 
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Activated Tfh cells were increased in the liver of patients with AIH  

Immunohistochemical staining showed that  CXCR5
+
 cells , which include Tfh 

cells,  were significantly increased in the liver of patients with AIH and PBC 

compared to patients with CHB (both P  values <0.05) (Fig. 5).  We then 

investigated detailed characteristics of Tfh cells in the liver of AIH patients at  

onset by flow cytometry.  The frequencies of activated PD-1
+
,  ICOS

+
 and 

ICOS
+
PD-1

+
 Tfh subsets  were significantly increased in the liver compared 

with the blood of patients with AIH (P  = 0.041, P  <0.01 and P  <0.01, 

respectively)  (Fig. 6A). The frequency of PD-1
+
CXCR5

+
 cells among CD4

+
 

cells in the liver was positively correlated with that in the blood of patients 

with AIH (r = 0.785, P  = 0.003) (Fig.  6B).  Interestingly, the frequency of 

PD-1
+
CXCR5

+
 cells among CD4

+
 cells in the liver was positively correlated 

with serum ANA titer levels (r = 0.693, P  = 0.016) (Fig. 6C). These findings 

suggest  that activated Tfh cells were increased in the liver of patients with 

AIH, and the increase of activated Tfh cells in the blo od might result from the 

increase of these cells in the liver of patients with AIH.  
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Discussion 

 

In the present study, we found that  the frequencies of circulating activated 

PD-1
+
 Tfh cells,  especially circulating CCR7

-
PD-1

+  
Tfh subset  that  is a main 

producer of IL-21, were significantly increased in patients with AIH at  onset  

than in HC. In addition, we found significant associations between the 

frequency of circulating CCR7
-
PD-1

+  
Tfh subset and clinical parameters, 

including the levels of serum IgG, PT, and albumin, in patients with AIH at 

onset.  Because Tfh cells,  especially CCR7
-
PD-1

+  
Tfh subset, could promote 

naïve and memory B cells to differentiate into plasma cells and lead to the IgG 

production,
2 2 ,2 3

 i t  may be compatible that the frequency of CCR7
-
PD-1

+  
Tfh 

subset was correlated with serum IgG levels. Our results also suggest that the 

increase of circulating CCR7
-
PD-1

+  
Tfh subset was associated with the 

severity and progression of inflammation in the liver of patients with AIH. 

Moreover,  the frequencies of CCR7
-
PD-1

+  
Tfh cells were significantly 

decreased after the level of serum ALT was normalized with PSL treatment. 

Therefore, these results suggest a potential  role of dysregulated Tfh subset  in 

the pathogenesis of AIH.  
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In humans, blood Tfh cells are currently considered to represent a 

circulating memory compartment of Tfh lineage cells ,
1 6 ,2 4

 and blood memory 

Tfh cells can be subdivided into three major subsets: Tfh1, Tfh2, and Tfh17 

subsets.
1 2

 Previous studies have suggested that an inactivated Tfh2 and/or 

Tfh17 subsets and a decrease of Tfh1 cell subsets within Tfh cells might be 

shared by multiple autoimmune diseases.
1 3 -1 6

 In the present study, we found an 

imbalance of Tfh1/Tfh2 subsets in patients with PBC although we did not find 

any significant change in the balance of Tfh1/Tfh2 subsets  in AIH patients . 

Wang et al.  reported that  the frequency of circulating Tfh cells was 

significantly increased in patients with PBC, and that the frequency of these 

cells was significantly decreased in UDCA responders compared to 

UDCA-treated nonresponders.
11

 Because we first  focused on the alterations of 

Tfh subsets in patients with AIH and could not include enough number of 

patients with newly diagnosed PBC , we described the frequencies of Tfh 

subsets only in UDCA-treated patients with PBC. Therefore, we should 

consider the effect of UDCA treatment on our results . However, we found an 

increased frequency of Tfh2 subset and a decrease of Tfh1 subset in patients 

with PBC, and we believe that our results provide further information on the 

immunopathogenesis of PBC.  
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Among the Tfh subsets, the expression of CCR7 is the lowest in 

ICOS
+
PD-1

+
 Tfh cells,

1 9 ,2 1
 and the differential expression levels of CCR7 in 

circulating memory Tfh subsets might reflect  their distinct propensity to enter 

B cell  follicles in vivo .
1 2

 Upon subsequent antigenic stimulation, these 

memory cells may quickly form Tfh cells and promote germinal center (GC) 

responses.
2 5

 Uncontrolled generation of circulating Tfh cells may reflect GC 

dysregulation and play an impor tant role in amplifying autoreactive B cells,  

promoting pathogenic autoantibody production, the onset  of clinical  symptoms, 

continued immune responsiveness,  and eventually irreversible tissue 

damage.
2 6

 We found that the frequencies of activated Tfh cells in the liver of 

patients with AIH were significantly increased compared to those in the blood, 

and they were posit ively correlated with each other.  Although the precise 

mechanisms by which Tfh cells accumulate in inflammato ry sites in humans 

remain largely unknown,
2 4

 we speculate that  both the circulating Tfh cells and 

accumulating Tfh cells in the l iver could reflect  GC dysregulation and play an 

important role in the induction and progression of AIH. 
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Besides the increased frequency of CCR7
-
PD-1

+  
Tfh subset, we found 

that  stimulated circulating Tfh cells in patients with AIH produce d higher 

levels of IL-21, IFN-γ  and IL-17 compared to those in HC.  These results 

suggest  that  Tfh cells in patients with AIH were more sensitive to  stimulations 

than those in HC. IL-21 is predominantly produced by Tfh cells and regulates 

humoral responses,  and has also been shown to be an important factor for the 

differentiation of the Th17 lineage .
2 7 -2 9

 Therefore, the increase in IL-17 

producing Tfh cells in patients with AIH might be a consequence of increased 

IL-21 production. Because patients with autoimmune diseases have increased 

activated memory Tfh17 cells in the blood, the increase of IL -17 production 

from Tfh cells might also be associated with the autoimmune mechanisms in 

AIH. 

There are several l imitations associated with the present study. First,  we 

noticed that the number of enrolled subjects was relatively small.  Second, we 

could not analyze functions of Tfh cells in the liver because of a small number 

of cells  obtained from the liver. Third, we did not examine the numbers of 

different subsets of B cells and the  functional  interaction between Tfh cells 

and B cells. As the associations between the frequencies of Tfh cells and B 

cells and the ability of Tfh cells to promote  B cell maturation were reported in 
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patients with AIH and PBC,
1 0 ,11 ,3 0

 further investigations of  associations of 

different Tfh subsets with the number of B cell subsets and the function of B 

cells in a larger cohort  of patients with AIH  are necessary. However,  to the 

best  of our knowledge, this is  the first  study that  rev ealed an increase of 

circulating CCR7
-
PD-1

+
 Tfh subset in the blood and an increase of activated 

Tfh subsets in the liver  of patients with AIH at onset, and an imbalance of 

Tfh1/Tfh2 subsets in patients with  PBC. Therefore, we believe that these 

results significantly extend our understanding of Tfh subsets especially in 

AIH, and suggest a potential role of dysregulated Tfh subsets in the 

pathogenesis of AIH.  
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Table 1. Patient characteristics  

Para meters  

(Median,  range)  

AIH 

PBC CHB  
Heal thy  

Control s  At onset   Treat ed  

n 12  23  28  22  44  

Age (y ears)  66 (52 -76)  64  (31 -87)  69  (45 -90)  58  (32 -81)  31  (23 -83)  

Gender (M /  F)  1 /  11  1  /  22  5  /  23  13  /  9  19  /  25  

Treat ments    

   

  PSL 0 (0%)  13  (56 .5%)  0  (0%)  0  (0%)  

 

  UDCA 5 (41%)  22  (95 .7%)  28  (100%)  2  (10 .0%)  

 

Laboratory  data       

  AST (IU/ l )  106 (23 -699)  21  (8 -195)  30 .0  (17 -49)  24 .0  (14 -59)  -  

  ALT ( IU/ l )  116 (12 -1001)  14  (7 -403)  24 .5  (6 -59)  24 .5  (12 -103)  -  

  T.B i l  ( IU/ l )  1.1  (0 .5 -3 .6)  0 .7  (0 .2 -1 .8)  0 .6  (0 .4 -2 .0)  0 .75  (0 .3 -2 .0)  -  

  Alb (g /dl )  3.9  (2 .7 -4 .6)  4 .0  (3 .2 -4 .6)  4 .1  (3 .4 -4 .7)  4 .3  (3 .7 -5 .2)  -  

  PT ( %)  84.5  (46 -101)  107  (89 -120)  104 .5  (83 -116)  99  (75 -107)  -  

  Ig G ( mg/dl )  
2005 

(1265-3968)  

1499 

(835-2674)  

1430 

(868-2764)  

1356 

(695-1976)  
-  

  ANA ( t i t er )  
16.0  

(5 .1 -65 .6)  

16 .8  

(5 -133 .4)  

39 .95 

(5 -134 .3)  
-  -  

M,  male;  F,  female;  PSL,  p redniso lone;  UDCA,  ursod eoxychol ic  acid ;  AST,  asparat e  

aminot ran s ferase;  ALT,  a l an ine t ran samin ase;  T.Bi l ,  to ta l  b i l i rub in ;  Alb ,  a lbu min ,  PT,  p ro thro mbin  

t ime;  ANA,  an t inu clear  an t ibod y.  
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Figure 1. Increased frequencies of follicular helper T (Tfh) cells and PD -1
+
 

Tfh cells in AIH at  onset and PBC. (A) Representative results of 

CXCR5
+
CD4

+
 among CD3

+
 cells (Tfh/CD3

+
) and CXCR5

+
PD-1

+
 cells among 

CD4
+
 cells (CXCR5

+
PD-1

+
/CD4

+
),  which were detected by flow cytometry, are 

shown. (B,  C) The frequencies of Tfh cells (B) and PD-1
+
Tfh cells (C) were 

significantly increased in the blood of AIH at  onset  and PBC compared to 

those in patients with CHB and HC. 
*
P  <0.05.  
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Figure 2. Expression of surface markers in PD -1
+
 and PD-1

-
 Tfh cells.  (A) 

Representative results of flow cytometric analysis of CD4
+
CXCR5

+
PD-1

+
 and 

PD-1
-
 cells  are shown. (B, C) Proportions of positivity of surface markers,  

including CXCR3, ICOS, CCR6, and CD45RA, in PD-1
+
 (B) and PD-1

-
 Tfh 

cells (C) in the blood are shown. Although the expression of CXCR3 was 

higher in PD-1
+
 Tfh cells than PD-1- Tfh cells,  no significant differences were 

found in the expression of those markers on Tfh cells among the groups.  
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Figure 3. Changes in Tfh1 and Tfh2 subsets and increase of CCR7
-
PD-1

+
 Tfh 

subset in AIH at onset and PBC. (A) Frequencies of Tfh1 (CXCR3
+
CCR6

-
 

cells), Tfh2 (CXCR3
-
CCR6

-
 cells), Tfh 17 (CXCR3

-
CCR6

+
 cells), and 

activated CCR7
-
PD-1

+
 Tfh subsets among total Tfh cells are shown. In 
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patients with PBC, the frequency of Tfh2 subset was significantly decreased. 

The frequencies of activated CCR7
-
PD-1

+
 Tfh subset were significantly 

increased in patient with AIH at onset  and PBC. ( B-D) The frequency of 

CCR7
-
PD-1

+
 Tfh subset was positively correlated with serum IgG ( B) and 

negatively correlated with PT-INR levels (C) and serum albumin levels in 

patients with AIH (D). (E) The frequency of CCR7
-
PD-1

+
 Tfh subset was 

significantly decreased in patients with AIH (n = 6) after treatment with PSL. 
*
P  = 0.040.  

 

  



 

 

This article is protected by copyright. All rights reserved. 

 

Figure 4. Cytokine production by Tfh cells.  The frequencies of IL-21
+
 cells 

(A),  IFN-γ
+
 cells (B),  IL-17

+
 cells (C), and IL-21R

+
 cells  (D) among 

CD4
+
CXCR5

+
 Tfh cells are shown. CD4

+
CXCR5

+
 Tfh cells in AIH patients 

with treatment (n = 11) produced higher levels of IL-21, IFN-γ, and IL-17 than 

those in HC (n = 14) when stimulated with PMA/ionomycine. The expression 

of IL-21R was significantly increased in patients with AIH compared to HC. 
*
P  <0.05.  
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Figure 5.  Increase in total Tfh cells in the liver of patients with AIH. ( A) 

Representative results of immunohistochemical staining of CXCR5 in the liver 

of patients with AIH (n = 19), PBC (n = 26) and CHB (n = 12) are shown. ( B) 

The number of CXCR5
+
 cells , which indicate Tfh cells, per 6 high power 

fields (HPF) were significantly increased in the liver of patients with AIH and 

PBC compared to patients with CHB. 
*
P  <0.05.  
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Figure 6.  Increase in total Tfh cells and activated Tfh subset in the liver of 

patients with AIH. (A) Flow cytometry analysis showed the frequency of Tfh 

cells in the liver were significantly increased compared to that  in the blood of 

patients with AIH (n = 10). Especially,  the frequencies of activated PD -1
+
,  

ICOS
+
,  and PD-1

+
ICOS

+
 Tfh subsets were significantly increased in the liver 

compared to those in the blood of patients with AIH. ( B) The frequency of 

PD-1
+
CXCR5

+
 cells among CD4

+
 cells in the liver was positively correlated 

with that in the blood of patients with AIH. ( C) The frequency of 

PD-1
+
CXCR5

+
 cells among CD4

+
 cells in the liver was positively correlated 

with serum ANA titer levels in patients with AIH.  
*
P  <0.05.  


