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OBSERVATIONAL STUDY

The Distribution and the Fibrotic Role of Elevated
Inflammatory Th17 Cells in Patients With Primary
Biliary Cirrhosis

TianYan Shi, PhD, Ting Zhang, MD, LiNa Zhang, PhD, YunJiao Yang, MD,
HaoZe Zhang, PhD, and FengChun Zhang, MD

Abstract: T helper (Th) 17 cells were reported to have the property of
proinflammation and profibrosis. We first investigate the levels of Th17
cells in primary biliary cirrhosis (PBC) patients, and then explore their
distribution and fibrotic role in the disease.

We compared the circulating Th17 and hepatic interleukin (IL)-17-
positive cells between patients and healthy controls (HCs) at different
disease stages by flow cytometry and immunohistochemistry, respect-
ively. The levels of chemokine (c-c motif) ligand (CCL) 20 were then
measured. For exploration of the reason why Th17 cells increased,
CD4"CD161" populations were sorted and cultured with IL-23 and IL-
1B to analyze their proliferation and IL-17 secretions. The serum IL-23
and IL-1P were tested by enzyme-linked immunosorbent assay. The
proliferation and expressions of a-smooth muscle actin and IL-8 of
hepatic stellate cells (HSCs) were identified after stimulated by different
concentrations of 1L-17.

Circulating and hepatic Th17 cells were elevated in PBC patients
compared with HCs. Early PBC patients presented with more Th17 cells
in periphery blood and less in the liver than advanced PBC patients.
Accordingly, the levels of both serum and hepatic CCL20 for Th17 cells
were higher, especially in those with advanced disease. The progenitor
of Th17, CD47CD161" cell was increased in PBC. Moreover, the
percentage of Th17 cells was positively related with CD4"CD1617" cell.
After stimulation with IL-23 and IL-1p which were improved in PBC
patients, CD4"CD161" cells from PBC patients expressed more IL-17,
although their proliferation were not different between 2 groups. IL-17
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can promote the proliferation of HSCs at a dose-dependent method, and
also increase the IL-8 expression in a dose/time-dependent way. Anti-
IL-17 can neutralize the above reactions.

CD4"CD1617" cells are a source of increased Th17 in PBC patients.
With disease progression, Th17 population decreased in the circulation,
accompanied by greater accumulation in the liver, which is regulated by
CCL20 in advanced patients. IL-17 may be involved in the process of
PBC fibrosis.

(Medicine 94(44):¢1888)

Abbreviations: AMAs = anti-mitochondrial antibodies, CCL =
chemokine (c-c motif) ligand, ELISA = enzyme-linked
immunosorbent assay, HCs = healthy controls, HSCs = hepatic
stellate cells, IL = interleukin, PBC = primary biliary cirrhosis,
PBMCs = peripheral blood mononuclear cells, Th = T helper.

INTRODUCTION

P rimary biliary cirrhosis (PBC) is a typical organ-specific

autoimmune liver disease characterized by the presence of
serum anti-mitochondrial antibodies (AMAs) and the destruc-
tion of small- and medium-sized intrahepatic bile ducts.' In
addition to genetic susceptibility® and environmental factors,>*
the immunological or inflammatory component is one of the
most crucial players in PBC pathogenesis.’ It is commonly
accepted that immune dysfunction, unbalanced T helper (Th)
cell response, and corregponding cytokines/chemokines play a
significant role in PBC.

Recently, Th17 cells have been proposed to represent a
novel cell lineage due to their unique cytokine production and
transcription factor profile. Th17 cells are of particular import-
ance for host mucosal defense against extracellular infections ¢
and development of autoimmune diseases such as experimental
autoimmune encephalitis,7’8 theumatoid arthritis,”'® and
inflammatory bowel disease.!" Interleukin (IL)-17, the signa-
ture cytokine produced by Thl7 cells, participates in tissue
destruction and induces proinflammatory mediators.'? It also
contributes to organ fibrosis.'”>~'> Not surprisingly, clinical
trials testing the potential of targeting the Th17 cell pathway
as a t6rele7¢tment for autoimmune diseases are currently under-
way.

The ratio of Th17 to Treg cells as well as the level of serum
Th17-correlated cytokines was found to be significantly elev-
ated in peripheral blood mononuclear cells (PBMCs) of patients
with PBC compared with those of healthy individuals, leadin%
researchers to hypothesize a pathogenic role of Th17 in PBC.'
Researchers found that biliary epithelial cells hold the ability to
produce Thl7-inducible cytokines (IL-6, IL-1B, and IL-23)
when stimulated with pathogen-associated molecular pat-
terns.'® Tn addition, IL-17" cells were shown to accumulate
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around the damaged bile ducts.'®** Furthermore, IL-12p35~/"~
dominant-negative transforming growth factor-f receptor II
mice demonstrated a distinct cytokine profile characterized
by a shift from Thl to a Thl7 response associated with
occurrence of liver fibrosis, implying the involvement of a
Th17 response in the development of biliary fibrosis.>! How-
ever, no studies have identified the source of elevated Th17 cells
and their distribution during different disease phases in PBC.
The probable mechanism for liver fibrosis of Th17 cells is
also unclear.

In this study, we first investigated whether circulating
Th17 cells and levels of IL-17 in liver were increased in
PBC. The percentage of Th17 cells at different disease stages
was also analyzed. The level of chemokine (c-c motif) ligand
(CCL) 20, a chemokine for Th17 cells, was measured to explain
the reason for distribution of Th17 cells at diverse phases of the
disease. Then, we explored the source of elevated Th17 cells in
PBC patients. Finally, we identified the effect of IL-17 on
hepatic stellate cells (HSCs) to reveal the probable mechanisms
of Th17 population for disease progression in PBC.

MATERIALS AND METHODS

Patients and Samples

Thirty-five patients with PBC and 15 patients with chronic
hepatitis B, as well as 35 age- and sex-matched healthy controls
(HCs) were enrolled in the study. The study was approved by the
Ethics Committee of Peking Union Medical College Hospital in
Beijing. Written informed consent was obtained from each
study participant. PBMCs were isolated within 4 hours after
blood collection. Serums were stored at —80°C until measure-
ment. Liver biopsy specimens from 16 patients with PBC were
obtained for immunohistological analysis. Owing to the ethical
issues, liver specimens were from 4 patients with large hepatic
hemangioma who underwent hemangioma resection when the
tumor was growing or the abdominal manifestation was obvious
as control group.

PBC was diagnosed by the following criteria: elevated
alkaline phosphatase and ~y-glutamyltransferase levels for >6
months, and the presence of AMAs in serum or representative
histological manifestations of bile duct injury.

Inclusion criteria of chronic hepatitis B in our study were as
follows: patients with positive results for serum hepatitis B surface
antigen or hepatitis B virus DNA > 10,000 copies/mL for >6
months, and persistently elevated alanine aminotransferase or
aspartate transaminase level for 3 months before treatment.

Disease Stage

Patients with liver biopsies were grouped into early
(E-PBC group, stages I and II) and advanced PBC (A-PBC
group, stages III and IV) in accordance with the Ludwig
classification.”* A-PBC group also included patients who
lacked liver biopsies, but presented with hepatic decompensa-
tion indications such as portal hypertension, hypoproteinemia,
and coagulant function abnormalities.”

Flow Cytometry

PBMCs were isolated by Ficoll-Hypaque density centrifu-
gation. The cells were stained with FITC-conjugated anti-CD4
mAb (eBioscience: USA) and PE-Cy5-conjugated anti-CD161
mAb (BD Pharmingen: USA) following published protocols.
Isotype controls were used to ensure antibody specificity. For
intracellular staining, 1 x 10°cells/well were cultured in 24-
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well plates in a total volume of 1 mL. The culture medium
consisted of RPMI 1640, 100 U/mL penicillin, 100 pg/mL
streptomycin, 2mM L-glutamine, and 10% inactivated fetal
bovine serum (Hyclone: USA) in the presence of 20ng/mL
phorbol-12-myristate-13-acetate (Sigma Aldrich: USA) and
1000 ng/mL ionomycin (Sigma Aldrich: USA) at 37°C in
humidified air with 5% CO, for 5 hours. After 1 hour of culture,
1 nL GolgiPlug (BD Pharmingen: USA) was added. PE-con-
jugated anti-IL-17 mAb (eBioscience: USA) and appropriate
isotype controls were used for identifying the expression of IL-
17. Analysis was carried out with a BD FACS Aria Il instrument
using FCS Express V3 software.

Isolation and Culture of CD1617CD4™" Cells

Because of the needs for plenty of cells, CD4"CD161"
cells were sorted by flow cytometry from another 6 PBC
patients and 6 age- and sex-matched HCs.

PBMCs were stained with PE-Cy5-conjugated anti-CD161
mAb (BD Pharmingen: USA) and PE-Cy7-conjugated anti-
CD4 mAb (eBioscience: USA), and CD4TCD1617 cells were
sorted with a FACS Aria II flow cytometer (Becton Dickinson:
BD, USA). With anti-CD3/CD28-conjugated T cell expander,
purified CD4+*CD1617 cells were cultured in the presence of
IL-23 (50ng/mL) (Invitrogen: USA) and IL-1B (50ng/mL)
(Invitrogen: USA) for 5 days as described in a previous study.>*
After culture, IL-17 production was determined by enzyme-
linked immunosorbent assay (ELISA) (eBioscience: USA) in
cultural supernatants.

Culture of HSCs and Proliferation Assay

Cell counting kit-8 assay was used to identify the ability of
cell proliferation based on the manufacturers’ instructions.
5 % 10° human HSC cells (Shang Hai, China)/well were cul-
tured in 96-well plates containing DMEM (Gibico: Australia)
and 10% inactivated fetal bovine serum in a total volume of
100 pL in the presence of 0, 1, 5, and 10ng/mL IL-17 (Pepro-
tech: USA) or 1 pg/mL anti-IL-17 (Peprotech: USA) at 37°C in
humidified air with 5% CO, for 24, 72, and 144 hours, respect-
ively. Then, cell counting kit-8 solution (Dojindo: Japan) was
added to the cell culture medium to a final concentration of
10 nL/100 pL and incubated for another 1 hour. Absorbance
was measured at 490 and 630 nm to determine cell proliferation
using a microplate reader. All experiments were performed in
quadruplicate. 5 x 10*HSCs/well were cultured in 24-well
plates with 1 mLL medium as described before. The culture
supernatant were collected and stored for IL-8 measurement
by ELISA.

ELISA

The concentrations of CCL20 (R&D Systems: USA),
IL-23 (R&D Systems: USA), and IL-18 (R&D Systems:
USA) in serums of patients with PBC and HCs were measured
with ELISA kits according to the manufacturers’ instructions.
IL-17 (eBioscience: USA) and IL-8 (eBioscience: USA) in
culture supernatant were also tested with corresponding ELISA
kits after cell culture.

Immunohistochemistry

All fresh liver specimens were fixed in 10% buffered
formalin overnight at 4°C, embedded in paraffin, and cut into
4 pm sections. Hematoxylin-eosin staining was performed to
evaluate the disease stage by histology.

Before immunohistochemical staining, the tissue sections
were deparaffinized and rehydrated to water. Endogenous
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peroxidase was blocked with 3% H,O, for 20 minutes at room
temperature. The slides were treated with a 0.1 mol/L concen-
tration of citrate buffer in an 800-W microwave oven for 15
minutes for antigen retrieval, and then rinsed in distilled water
and in phosphate buffered saline for 5 minutes, respectively.

For immunohistochemical staining of IL-17 and CCL20,
respectively, 5% normal horse serum was used to suppress
nonspecific protein binding, and 5 pL/mL goat anti-human-IL-
17 antibody (R&D Systems: USA) or anti-human-CCL20 anti-
body (R&D Systems: USA) was applied to the tissue sections
overnight at 4°C. The slides were washed and incubated with
horseradish peroxidase-conjugated mouse anti-goat IgG for 1
hour at room temperature, and then incubated with avidin-biotin
complex for 45 minutes. Color was developed with diamino-
benzidine tetrahydrochloride.

Statistical Analysis

SPSS17.0 software package (SPSS Inc, Chicago, IL) was
used for statistical analysis. The data were presented as the
mean + standard deviation in intergroup comparisons. The
Student ¢ test and the nonparametric Mann—Whitney U test
were used to determine differences between 2 groups, whereas
one-way ANOVA was used to compare differences among the
multiple groups. Repeated measures analysis of variance was
used to evaluate the continuous data. Statistical significance
was defined as a P value <0.05. The statistical power is 0.8, and
the sample size was estimated accordingly except for functional
examination (CD47CD1617 cells culture) in the paper.

RESULTS

Circulating Th17 Cells Are Elevated in PBC
Patients, Especially in Those With Early-Stage
Disease

The basic characteristics of the research subjects were
shown in Table 1. According to criteria mentioned in
“Methods’” section, 22 E-PBC and 13 A-PBC patients were
included, respectively.

We first examined the IL-17 expression in CD4 " T cells in
PBC patients (n = 35), chronic hepatitis B patients (n = 15), and
HCs (n=35) by flow cytometry. Circulating Th17 cells was
elevated in PBC patients compared with HCs (1.03% £ 0.22%
and 0.55% + 0.20%, respectively; P < 0.001), and higher than

those in chronic hepatic B (1.03% =+ 0.22% and 0.67% =+ 0.20%,
respectively; P <0.001; Figure 1A). In addition, E-PBC
patients had higher levels of Th17 cells than A-PBC patients
(1.09% £+ 0.23% and 0.93% + 0.16%, respectively; P=0.035;
Figure 1B). Representative flow cytometry results for Th17
cells from PBC patients, chronic hepatitis B, and HCs were
shown in Figure 1C.

IL-17* Expression Cells Infiltrated in Liver Are
Evident in PBC Patients, Especially in Those With
Advanced-Stage Disease

In our study, 11 liver biopsy specimens of E-PBC patients
were acquired among 16 samples. In this E-PBC group, 9 (81.8%)
patients were AMA-M2 positive. Among 5 A-PBC hepatic
specimens, 1 (20%) was from AMA-M2 negative PBC patients.

In PBC, cells in the specific organ are more vital than those
in the circulation.?® This led us to explore IL-17 levels in the
liver by immunohistochemistry. As expected, the IL-17" cells
were higher in the liver portal area in PBC patients, particularly
of those in the advanced phase (Figure 2).

A-PBC Patients Have Higher Serum CCL20 That
Might Lead to Liver Infiltration of IL-17" Cells

Serum CCL20, a chemokine for the Th17 population,®?’
was also enhanced in PBC patients (n = 35) compared with HCs
(n=35) (57.34+£36.21pg/mL and 22.17+18.50pg/mL,
respectively; P < 0.001; Figure 3A), and was much higher in
the A-PBC group (n = 13) than in the E-PBC group (n =22) by
ELISA (89.37£30.16pg/mL and 29.02+12.38 pg/mL,
respectively; P <0.001; Figure 3A). We also found hepatic
cells secrete CCL20 by immunohistochemistry. Furthermore,
the level of CCL20 in the liver was more obvious in PBC
patients (Figure 3B). However, the percentage of CCR6™" cells
was not significantly increased among CD4" T cells in PBC
patients no matter of disease stages (data were shown in the
Supplementary 1).

Increased CD47CD1617" Cells Produce More IL-
17 After Stimulation With IL-18 and IL-23 in PBC
Patients, Contributing to the Elevated Th17
Population of PBC Patients

It is generally accepted that CD161 is a typical surface
marker of the Th17 lineage and CD4TCDI161" cells are

TABLE 1. The Basic Characteristics of the Study Patients

E-PBC (n=22) A-PBC (n=13) CHB (n=15) HCs (n=35) P

Age, y 553445 582453 53.6+8.8 432+£73 0.71
Sex (F/M) 19/3 12/1 13/2 31/4 9,42
AMA-M2, % 86.4 923 - 0 0.69 /<0.001
ALP, TU/L 2454 £168.7 198.3 £91.5 75.7+34.5 21.2+£45 <0.001
GGT, IU/L 439.6 £217.4 542.3+374.9 98.2+32.1 55.7+273 <0.001
ALT, IU/L 4234392 68.3£55.0 132.7+47.2 17.0+£94 0.013
AST, TU/L 553445 59.44+32.8 93.1+£30.6 12.7+7.6 0.025
ALB, g/L 40.3£4.5 27.1£33 - - <0.001i
TBil, pmol/L 285+7.6 76.2+£40.7 - - <0.001 .
DBil, pmol/L 123£8.6 47.1+36.4 - - <0.001

ALT =alanine aminotransferase, ALB =albumin, ALP =alkaline phosphatase, AMAs = anti-mitochondrial antibodies, A-PBC =advanced
primary biliary cirrhosis, AST = aspartate transaminase, CHB = chronic hepatitis B, DBil = direct Bilirubin, E-PBC = early primary biliary cirrhosis,
HCs = healthy controls, GGT =vy-glutamyltransferase, PBC = primary biliary cirrhosis, TBil = total bilirubin, — =not tested.

*The P values for difference between E-PBC and A-PBC groups. Other P values for difference among multiple groups.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Expression of IL-17 in CD4™ T cells in patients with PBC (n = 35), chronic hepatitis B (n =15), and HCs (n = 35). (A) Frequency
of Th17 cells in PBC patients, chronic hepatitis B, and HCs, respectively. (B) Frequency of Th17 cells in E-PBC and A-PBC patient groups,
respectively. (C) Representative flow cytometry results for Th17 cells from PBC patients, CHB, and HCs. A-PBC = advanced primary biliary
cirrhosis, CHB = chronic hepatitis B, E-PBC = early primary biliary cirrhosis, HCs = healthy controls, IL=interleukin, PBC = primary biliary

cirrhosis, Th=T helper.

progenitors of Thl7 cells.?*2° We found that the
CD4"CD161" population was larger among the CD4" T cells
in patients (n=20) than HCs (n=20) (22.22% +5.09% and
13.50% =+ 3.78%, respectively; P <0.001; Figure 4A). The

HCs E-PBC

percentage of CD47CD1617 cells was significantly positively

related to the Th17 cells (©*=0.25, P=0.001; Figure 4B).
CD4%CD1617 cells were then sorted by flow cytometry

and cultured in 96-well plates. After stimulation with IL-23 and

A-PBC 7 i

x 100

FIGURE 2. Detection of IL-17" cells in the liver in patients with PBC (n=16) and HCs (n =4). (x100) (Blank arrows indicate the IL-177
cells, which were stained brown). HCs = healthy controls, IL=interleukin, PBC = primary biliary cirrhosis.
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FIGURE 3. The level of CCL20 in serum and liver in PBC patients and HCs. (A) Levels of CCL20 in PBC patients (n =35) and HCs (n = 35),
respectively. (B) Hepatic CCL20 in PBC patients (n=6) and HCs (n=4), respectively. CCL20 =chemokine (c-c motif) ligand 20,

HCs = healthy controls, PBC = primary biliary cirrhosis.

IL-1B for 5 days, IL-17 in cultural supernatant was higher in
PBC patients (48.63 £32.99 pg/mL and 18.11 £+ 15.23 pg/mL,
respectively; P=0.04; Figure 4C). Accordingly, the serum
IL-1B (59.10+9.38 pg/mL and 45.20 £ 8.45 pg/mL, respect-
ively; P=0.008) and IL-23 levels (35.8 £8.34pg/mL and
23.5£5.35pg/mL, respectively; P=0.02) were higher in
patients compared with HCs (Figure 4D). However, the pro-
liferation of CD47CD1617 cells was not statistically different
between 2 groups (data were shown in the Supplementary 2).
Representative flow cytometry results for CD1617CD4™" cells
in the CD4" T compartment from PBC patients and HCs were
shown in Figure 4E.

IL-17 Promotes the Proliferation and the IL-8
Expression of HSCs

The HSCs play a critical role in hepatic fibrogenesis. HSCs
can be activated by profibrotic cytokines such as IL-8 and

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

transforming growth factor-f3 in an autocrine manner, sequen-
tially producing collagen type I. We used IL-17 to intervene
human HSCs at different concentration of 0, 1, 5, and 10 ng/mL
for diverse periods (Table 2). In preliminary experiment, we
found proliferation of HSCs reached a maximum after stimu-
lated with IL-17 at the concentration of 10 ng/mL. So, we added
anti-IL-17 to detect its inhibitory effect on HSCs proliferation in
the presence of 10ng/mL IL-17. We found that IL-17 could
promote HSCs proliferation dose-dependently (P <0.001;
Figure 5A), but there were no statistically difference among
diverse time groups (P =0.48; Figure 5A). This effect can be
neutralized by IL-17 antagonist (P =0.04; Figure 5A); how-
ever, the efficacy of anti-IL-17 attenuated with time extending.

In our study, almost no IL-8 was tested in supernatant after
culture of 24 hours. IL-8 secretion of HSC was elevated with
IL-17 concentration or cultural duration increased, and
deceased due to anti-IL-17 added (P <0.001; Figure 5B,

www.md-journal.com | 5
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FIGURE 4. The source for elevated Th17 cells in PBC patients. (A) Frequency of CD1617CD4™ cells in the CD4™ T compartment in PBC
patients (n = 20) and HCs (n = 20), respectively. (B) Relationship between Th17 cellsand CD1617CD4" cells (n =40). (C) IL-17 expression
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PBC patients (n=35) and HCs (n=35), respectively. (E) Representative flow cytometry results for CD1617CD4" cells in the CD4* T
compartment from PBC patients and HCs. HCs = healthy controls, IL =interleukin, PBC = primary biliary cirrhosis, Th=T helper.

TABLE 2. The Proliferation of HSC After Stimulation With IL-17 at Different Concentrations

IL-17 Concentration

Time 1 ng/mL 5 ng/mL 10 ng/mL 10 ng/mL*
24 h 1.094 £+ 0.06 1.148 £0.11 1.308 +0.13 0.947 £0.08
72 h 1.082 £0.13 1.182£0.12 1.330£0.15 1.00£0.15
144 h 1.094 £0.13 1.106 £0.15 1.374 +£0.09 1.123+£0.11

Proliferation capability = (OD" 499—0D"30)/(0D% 490—OD¥3,): “absorbance in the presence of IL-17 or anti-IL-17 at different concentration;
“absorbance in the absence of IL-17 or anti-IL-17. HSC = hepatic stellate cell.
* Adding anti-IL-17 (1 pg/mL).
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FIGURE 5. The influence of IL-17 on HSCs. (A) Proliferation of
HSCs after stimulation with IL-17 at different concentrations. (B)
Levels of IL-8 in HSCs culture supernatant after stimulation with IL-
17 at different concentrations. HSC=hepatic stellate cell,
IL=interleukin.

Table 3). However, the production of a-SMA may not be
influenced by IL-17 tested by real-time reverse transcription
polymerase chain reaction (data were shown in the Supple-
mentary 3).

DISCUSSION

In our present study, we not only investigated the fre-
quency of IL-17-expressing cells in the circulation and liver
portal area in patients with PBC, but also analyzed the levels of
Th17 cells during different disease stages. Our study is the first
to report the source of increased IL-17 secretion from CD4" T
cells in these patients. The actions of effector IL-17 on HSCs for
liver fibrosis were also investigated. Taken together, our results
revealed a pathogenic role of Th17 cells in PBC.

CD4™ T cells have been classified into distinct subsets,
namely Thl, Th2, Th17, Th9, and Tregs, depending on the
major cytokines that they express. To date, numerous studies
have demonstrated that Thl7 cells are also involved in

autoimmune diseases.’' >* In our study, we found Th17 cells
in peripheral blood was significantly elevated as reported
previously,'® especially in E-PBC patients, suggestive of their
proinflammtory role in disease.

In PBC, T cells that have infiltrated the liver may be more
important than circulating cells,”® as they can lead to the
destruction of the biliary ducts.>*** Therefore, we further
examined IL-17" cells in the liver, and particularly in the portal
area. We found that IL-17" cells were increased in the portal
area of patients as previously described'*?°; however, we did
not find that they localized around the damaged bile ducts.
Unlike in PBMCs, the higher frequency of IL-17" cells
occurred in the liver in later stage of the disease, which
paralleled the altered levels of CCL20. One possible mechanism
is that enhanced CCL20 expression in advanced stage of the
disease causes Th17 cells to migrate to the liver, resulting in a
decrease in Th17 cell numbers among the PBMCs. Meanwhile,
these consequences suggest that IL-17 may participate in
fibrosis in PBC. Unfortunately, we had no enough specimens
to evaluate the hepatic CCL20 at different disease phases in
our study.

In 2008, Cosmi et al*’ reported CD161 was a novel surface
indicator for human Th17 cells and that these cells originated
from the CD161"CD4" T cell progenitor. Moreover,
CD1617CD4™" T cells can mediate destructive tissue inflam-
mation in inflammatory bowel disease.>® To further confirm the
mechanism for Th17 cell elevation in PBC, we assessed the
levels of CD1617CD4" T cells in the CD4" T cell population.
As expected, the CD161" fraction of CD4™ T cells was
increased in PBC patients compared with HCs. We found
CD1617CD4™" T cells from PBC patients were prone to secrete
more IL-17 than HCs after activation with proinflammatory
cytokines IL-23 and IL-1p. Therefore, based on these data, we
can conclude that the increased IL-17 expression in CD4" T
cells originates from the CD4TCD1617 cells.

The profibrotic characteristic of IL-17 has already been
demonstrated in many tissues. For example, in bleomycin-
induced idiopathic pulmonary fibrosis, early IL-17 production
was essential during late fibrosis.'**” In addition, IL-17 can
lead to myocardial fibrosis in an isoproterenol-induced heart
failure model.® A study showed that IL-17A contributed to skin
fibrosis in systemic sclerosis mouse.* Moreover, immunization
of the 2-octynoic acid coupled to bovine serum albumin-PBC
mouse model with a-galactosylceramide, which is an invariant
natural killer T cell activator, can exacerbate liver fibrosis and
increase NKT and CD4" T cells,*® which are the major IL-17
producers in the liver.*' The HSCs play a critical role in
fibrogenesis in cirrhosis. After activation by different triggers,
HSCs express collagen type I, secrete profibrogenic cytokines,
and produce inhibitors of matrix-degrading enzymes (such as

TABLE 3. The Levels of IL-8 in Culture Supernatant After Stimulation With IL-17 at Different Concentrations

IL-17 Concentration

Time 0 ng/mL 1 ng/mL 5 ng/mL 10 ng/mL 10 ng/mL”
24 h - - - 5.76 -

72 h 19.99 +£5.01 25.82+8.61 28.27+5.91 35.78 +7.66 18.57+2.28
144 h 25.53+£5.80 44.77£8.23 48.81+11.0 67.76 +£23.2 35.62+4.35

Values of the each unit are the level of IL-8 in culture supernatant measured by ELISA.

* Adding anti-IL-17 (1 pg/mL).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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tissue inhibitor of matrix metalloproteinase-1),** which cause
the production of extracellular matrix deposition over degra-
dation.*® Interestingly, we found IL-17 can promote HSCs
proliferation dose-dependently, and anti-IL-17 can antagonize
this action especially at earlier time. The cytokine IL-8 has been
reported to be related to poorer survival in alcoholic liver
disease ** and chronic hepatitis C.** In our study, we demon-
strated that IL-17 could activate HSCs to express IL-8 in a dose-
and time-dependent manner. The higher levels of IL-8 have
been previously observed in late PBC.*® Therefore, our results,
combined with these studies, suggest that Th17 cells in the liver
of A-PBC patients have a profibrotic effect, which leads to
disease progression.

There are also some limitations of the current study. First,
only a small number of PBC patients had available liver biopsy
specimens, and A-PBC patients with liver histology was an even
smaller group in clinical practice, so we had no enough hepatic
samples to analyze the levels of CCL20 according to disease
stage at the last of experiment. Second, because of the relative
low quantity of Th17 cells in CD4™ T cells, we did not sort them
to co-culture with HSCs to confirm their specific fibrotic role.
Lastly, A-PBC group in our study was heterogeneous, including
both patients with histological evidence of fibrosis and patients
without biopsies but clinical signs of decompensated cirrhosis;
in this case, it can impact results to some extent.

CONCLUSION

Our study reveals that the increased number of
CD4"CD1617" cell is the predominant source of the elevated
Th17 levels in PBC patients. As the disease progresses,
enhanced CCL20 levels lead to IL-17-expressing cells to home
to the liver. Therefore, the Th17 population was more abundant
in peripheral blood and lower in the liver of E-PBC patients.
Th17 cells may play a profibrotic role in PBC.
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