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Primary biliary cholangitis (PBC) is a chronic and progressive cholestatic liver disease with unknown causes. The
initiation of PBC is associated with bacterial infections and abnormal immune correlates, such as the presence of
self-reactive anti-mitochondrial antibodies and shifted balance of T cell subsets. In particular, the CD4+ CXCR5+
follicular helper T (Tfh) cells are highly activated in PBC patients and are signiﬁcantly associated with PBC
severity, but the underlying reasons are unknown. In this study, we found that the circulating CD4+ CXCR5+ T
cells were enriched with the interferon (IFN)-γ-secreting Th1-subtype and the interleukin (IL)-17-secreting Th17subtype, but not the IL-4-secreting Th2 subtype. We further demonstrated that a host of microbial motifs, including Pam3CSK4, poly(I:C), LPS, imiquimod, and CpG, could signiﬁcantly stimulate IFN-γ, IL-17, and/or IL-21
from circulating CD4+ CXCR5+ T cells in PBC patients, especially in the presence of monocytes and B cells.
Whole bacterial cells of Escherichia coli, Novosphingobium aromaticivorans, and Mycobacterium gordonae, could
also potently stimulate IFN-γ, IL-17, and/or IL-21 production from circulating CD4+ CXCR5+ T cells. But interestingly, while the whole cell could potently stimulate circulating CD4+ CXCR5+ T cells from both healthy
controls and PBC patients, the cell protein lysate could only potently stimulate circulating CD4+ CXCR5+ T cells
from PBC patients, but not those from healthy controls, suggesting that circulating CD4+ CXCR5+ T cells in PBC
patients had distinctive antigen-speciﬁcity from those in healthy individuals. Together, these data demonstrated
that bacterial antigen stimulation is a potential source of aberrant Tfh cell activation in PBC patients.

1. Introduction
Primary biliary cholangitis (PBC) is an autoimmune liver disease
characterized by slow and progressive destruction of small intrahepatic
bile ducts [1]. The disease leads to the accumulation of bile and toxins
in the liver combined with an inﬂamed immune system, which can
cause liver damage, ﬁbrosis, and cirrhosis. In earlier stages, PBC can be
treated with ursodeoxycholic acid (UDCA), which has signiﬁcantly extended the survival of PBC patients. But the eﬀectiveness of UDCA is
reduced in more advanced patients, whose only other option is liver
transplant. Furthermore, for reasons not completely clear, 40% of PBC
patients do not present a biochemical response to UDCA [2]. It is
thought that in most cases, PBC is triggered by environmental conditions in genetically predisposed individuals. Population studies and
genome-wide association studies tend to reveal associations between
genes involved in immune functions and the risk of PBC. For example,
studies in the North American and European population have identiﬁed
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strong links between certain HLA alleles and PBC, while other HLA
alleles may confer protection [3–5]. Another study has demonstrated
that genetic variations in the IL-12 signaling pathway are linked to PBC
development [6]. In approximately 95% of PBC patients, anti-mitochondrial self-reactive antibodies are present in the serum and have
been used as a diagnostic criterion [7]. Other autoantibodies, such as
anti-Sp100 and anti-gp210 antibodies, can also occur in PBC patients
[8]. Interestingly, autoantibodies may persist in the patients even after
a liver transplant. An enrichment of NKT cells in the liver of PBC patients but not of healthy individuals is identiﬁed [9]. Together, these
results suggest that many branches of the immune system are involved
in the development of PBC, but the speciﬁc underlying mechanisms
remain elusive.
Recently, it has been shown that the follicular helper T (Tfh) cells, a
CD4+ T cell subset with characteristic CXCR5+ expression and primarily functions to help B cell germinal center (GC) reactions, can be
involved in PBC development [10,11]. In GC, Tfh cells can receive

Corresponding author at: Department of Surgery, Shanghai Jiao Tong University Aﬃliated Sixth People's Hospital, #600, Yishan Road, 200233 Shanghai, China.
E-mail address: zhengyunzhangmd@sina.com (Z.-Y. Zhang).

http://dx.doi.org/10.1016/j.intimp.2017.08.004
Received 12 April 2017; Received in revised form 16 July 2017; Accepted 7 August 2017
Available online 12 August 2017
1567-5769/ © 2017 Published by Elsevier B.V.

International Immunopharmacology 51 (2017) 76–81

Z.-Q. Zhou et al.

thawed cells were then washed before use.
CD4+ CXCR5+ T cells were isolated from PBMCs by ﬂuorescenceactivated cell sorting. Brieﬂy, PBMCs were ﬁrst treated with FcR
blocker (FcX reagent, BioLegend) and then stained with ﬂuorophoreconjugated anti-human CD3, CD4, and CXCR5 antibodies (all from
BioLegend) for 30 min in dark on ice. The CD3+ CD4+ CXCR5+ T cells
were then washed and sorted in a FACSAria cytometer (BD).
Monocytes and B cells were isolated using EasySep Human
Monocyte Enrichment kit and B cell Enrichment kit (both from
Stemcell) following the manufacturer's instructions, with 96.4%–98.5%
purity conﬁrmed by CD14/CD16-positive staining for monocytes and
CD19/CD20-staining for B cells.
All gradient centrifugation, staining and sorting were performed
under aseptic conditions. After sorting, the cell viability was examined
by dyeing with 0.4% Trypan Blue solution (Thermo Fisher), and only
live cells were counted for inclusion in the experiments.

chemotactic signals from the CXCR5-CXCL13 axis and locate the B cell
follicles [12]. Through expressing several cell surface and secreted
molecules, such as programmed death (PD)-1, CD40 ligand, SLAM family receptors and SLAM-associated protein (SAP), ICOS, interleukin
(IL)-6, IL-10, and IL-21, Tfh cells enable T-B engagement and interactions, and promote B cell activation, proliferation, aﬃnity maturation,
and diﬀerentiation into antibody-producing plasmablasts/plasma cells
[13,14]. In peripheral blood, the CD4+ CXCR5+ T cells display similar
functions as germinal center Tfh cells and promote B cell diﬀerentiation
into antibody-secreting cells in vitro [15,16]. It was reported that PBC
patients presented increased circulating Tfh cell frequency compared to
autoimmune hepatitis patients and healthy controls, with higher IL-21
secretion and more potent ability to induce B cell maturation and autoantibody secretion [10]. Moreover, UDCA-nonresponders presented
higher circulating Tfh cell frequency than UDCA-responders. Combined
with the abundance and persistence of autoantibodies in PBC patients,
these results suggest that aberrant Tfh cell activation and function
contribute to PBC development.
Currently, it is unclear through which mechanisms Tfh cells become
dysregulated in PBC patients. The hepatic microenvironment is enriched with food nutrients as well as toxins and microbial metabolites
through a portal vein that carries blood from the intestinal tract to the
liver. This inﬂux of microbial metabolites could aﬀect Th cell responses
through T cell receptor (TCR)-dependent and TCR-independent mechanisms. First, the bacterial antigens could be presented by liver-resident macrophages on the MHC molecules to stimulate T cells with
antigen-speciﬁc TCRs. Second, the microbial metabolites could activate
antigen-presenting cells through pattern recognition receptors, such as
the Toll-like receptors (TLRs), to stimulate inﬂammatory responses.
And third, memory Th cells also express TLRs, through which the
bacterial motifs could promote T cell activation and inﬂammation
[17,18].
Based on previous ﬁndings, we hypothesized that the microbial
metabolites from the hepatic microenvironment might cause aberrant
Tfh activation and inﬂammation in PBC patients. To investigate our
hypothesis, we collected circulating CD4+ CXCR5+ T cells from PBC
patients and examined their cytokine response toward a variety of
bacterial antigens.

2.3. Cell culture and ELISpot
Puriﬁed CD4+ CXCR5+ T cells and monocytes/B cells (if present)
were cultured at 1:1 ratio in sterile RPMI 1640 supplemented with 15%
FBS. For CD4+ CXCR5+ T cells alone culture, cells were incubated at
5 × 105 cells per mL, while for CD4+ CXCR5+ T cells + monocyte/B
cell cultures, cells were incubated at 1 × 106 cells per mL. The Human
IFN-γ, IL-17, and IL-21 ELISpot kits (all from MABTECH) were used
following manufacturer's instructions. Brieﬂy, plates were coated cytokine capture antibodies overnight at 4 °C, washed thoroughly, and
blocked with culture medium for 1 h at room temperature. Cell suspension were then added with 10× sequential dilutions such that the
most concentrated well contained 1 × 105 CD4+ CXCR5+ T cells and
the least concentrated well contained 1 × 103 CD4+ CXCR5+ T cells.
Anti-human CD3/CD28 (BioLegend), PMA/ionomycin (Sigma-Aldrich),
TLR ligands (Invivogen), or bacterial antigens, were then added. Cells
were incubated in 5% CO2 100% humidity at 37 °C. For experiment in
Fig. 1, stimulation was performed directly in the ELISpot plates for 6 h.
For experiments in Figs. 2 and 3, stimulation was performed in a separate 96-well plate for 12–24 h, as indicated per experiment. The
monocytes and B cells were then removed by EasySep Human CD14
Positive Selection and Human CD19 Positive Selection kits (Stemcell)
according to the manufacturer's instructions. The remaining
CD4+ CXCR5+ T cells were then plated in the ELISpot plates for 6 h.
After incubation, the plates were thoroughly washed, and were sequentially treated with biotinylated detection antibodies, streptavidinALP, and substrate solution. Positive spots were counted using the CTL
ImmunoSpot system. An average of triplicate experiments from every
PBC or HC donor was calculated and presented in ﬁgures.

2. Methods
2.1. Patients and controls
A total of 26 female volunteers, including 16 PBC patients and 10
healthy individuals, were enrolled in Shanghai Jiao Tong University
Aﬃliated Sixth People's Hospital. The diagnosis of PBC was based on
the previously established criteria [1,19]. Patients with overlapping
autoimmune hepatitis, hepatitis B/C infections, drug-induced liver
disease, alcoholic liver disease, fatty liver disease, and/or diabetes were
excluded from the study. All patients were newly diagnosed and
treatment-naive. Clinical data were managed by DICAT system (Vancouver, Canada). Peripheral blood mononuclear cells (PBMCs) were
harvested from each volunteer by leukapheresis. Written informed
consent was obtained from every individual. The institutional ethics
review board of Shanghai Jiao Tong University Aﬃliated Sixth People's
Hospital approved the study.

2.4. Bacteria processing
Escherichia coli (Seattle 1946), Novosphingobium aromaticivorans
(SMCC F199), and Mycobacterium gordonae (TMC 1324) were purchased
from ATCC and grown to an OD of 0.5 at 600 nm. Bacterial cells were
then washed and resuspended in sterile PBS. For heat-killing, bacterial
cells were placed in 60 °C water bath for 30 min. For protein lysate
extraction, cells were pelleted at 5000g for 10 min, and were then
treated with B-PER Bacterial Protein Extraction Kit (Thermo Scientiﬁc)
following manufacturer's instructions. Brieﬂy, 2 μL lysozyme, 2 μL
DNase I, and cOmplete EDTA-free protease inhibitor cocktail (SigmaAldrich) were added to each mL of B-PER reagent, which was then
added cell pellet at 4 mL per gram. The mixture was incubated for
15 min in room temperature. The lysate was then centrifuged at
15,000g for 5 min and the supernatant was aspirated. For stimulation,
the lysates were added such that the bacterial protein concentration
was at 2 μg/mL.

2.2. Cell subset isolation
PBMCs were puriﬁed from leukapheresis samples by standard FicollPaque centrifugation. Brieﬂy, 15 mL leukapheresis sample was layered
on top of 10 mL Ficoll-Paque PREMIUM (Sigma-Aldrich) and were
centrifuged for 30 min at 400g without braking. The PBMC layer was
aspirated and washed before use. Excess PBMCs were stored at −80 °C
in 10% DMSO and thawed in sterile RPMI 1640 supplemented with
15% FBS (Thermo Fisher) and 1% DNase (Sigma) before use. The
77
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secreting CD4+ CXCR5+ T cells were signiﬁcantly higher in PBC patients than in HC (Fig. 1A). After CD3/CD28 or PMA/ionomycin stimulation, the frequencies of IFN-γ- and IL-17-secreting CD4+ CXCR5+
T cells were signiﬁcantly higher in PBC patients than in HC (Fig. 1B and
C).
3.2. TLR ligands promote circulating CD4+ CXCR5+ T cell activation
The higher IFN-γ, IL-17, and IL-21 secretion directly ex vivo and
higher IFN-γ and IL-17 secretion following stimulation suggested an
elevated activation status in circulating CD4+ CXCR5+ T cells and a
dysregulated circulating CD4+ CXCR5+ T cell subset balance in PBC
patients. Since CD4+ CXCR5+ T cells could potently inﬁltrate the liver
in PBC patients [10], and the liver is enriched with bacterial metabolites, we thought that microbial metabolites in the liver environment
might contribute to the Tfh inﬂammation in PBC patients. First, we
examined the eﬀects of a series of TLR ligands, including Pam3CSK4,
poly(I:C), LPS, imiquimod, and CpG, on CD4+ CXCR5+ T cells sorted
from thawed PBMCs. We found that in HCs, the presence of poly(I:C),
LPS, and CpG in pure CD4+ CXCR5+ T cell cultures could signiﬁcantly
elevate the frequency of IFN-γ-secreting CD4+ CXCR5+ T cells
(Fig. 2A), while the presence of CpG could also signiﬁcantly increase
the frequency of IL-17-secreting and IL-21-secreting CD4+ CXCR5+ T
cells (Fig. 2B and C). In pure CD4+ CXCR5+ T cell cultures of PBC
patients, Pam3CSK4, LPS, imiquimod, and CpG signiﬁcantly increased
the frequency of IFN-γ-secreting CD4+ CXCR5+ T cells (Fig. 2A) and
CpG signiﬁcantly increased the frequency of IL-17-secreting and IL-21secreting CD4+ CXCR5+ T cells (Fig. 2B and C), similar to the observation in HCs. The presence of monocytes or B cells further elevated
the frequencies of IFN-γ-, IL-17- and IL-21-secreting CD4+ CXCR5+ T
cells in both HC and PBC individuals to varying degrees. These data
suggested that certain TLR ligands could directly stimulate circulating
CD4+ CXCR5+ T cells to increase IFN-γ, IL-17 and IL-21 production,
whereas monocytes and B cells could further amplify the eﬀect of TLR
ligands.
3.3. PBC patients and HCs respond diﬀerently toward bacterial antigens
A number of studies have identiﬁed that certain bacterial pathogens, including Escherichia coli, Novosphingobium aromaticivorans, and
Mycobacterium gordonae, are associated with PBC initiation [20–22].
The precise mechanism through which these pathogens might induce
PBC is yet unclear, but most hypotheses suggest that molecular mimicry
between bacterial proteins and self-antigens might play an important
role. Here, we investigated whether circulating CD4+ CXCR5+ T cells
could be activated by bacterial antigens presented by monocytes/
macrophages. Whole bacteria killed by heating, or bacterial cell whole
protein lysates, were used to stimulate CD4+ CXCR5+ T cells from HCs
and PBC patients in the presence of autologous monocytes. In general,
we found that whole bacterial cells stimulated higher frequencies of
IFN-γ-, IL-17-, and IL-21-secreting CD4+ CXCR5+ T cells than the whole
protein lysates. Moreover, following whole bacterial cell stimulation,
the frequencies of IFN-γ-, IL-17-, and IL-21-secreting CD4+ CXCR5+ T
cells from HCs and PBC patients were comparable, with the exception
that E. coli-stimulated higher frequencies of IFN-γ-secreting
CD4+ CXCR5+ T cells in PBC patients than in HCs (Fig. 3A). In striking
contrast, the HCs and PBC patients demonstrated signiﬁcantly diﬀerent
cytokine secretion patterns when stimulated with bacterial cell protein
lysates. After E. coli protein lysate stimulation, the frequencies of IFN-γand IL-21-secreting CD4+ CXCR5+ T cells were signiﬁcantly higher in
PBC patients than in HCs (Fig. 3A). A minor subset of HC patients did
not respond to E. coli lysate, while all PBC patients responded to E. coli
lysate. Similarly, after N. aromaticivorans protein lysate stimulation, the
frequencies of IFN-γ-, IL-17-, and IL-21-expressing CD4+ CXCR5+ T
cells were signiﬁcantly higher in PBC patients than in HCs (Fig. 3B).
The majority of HCs did not respond to N. aromaticivorans lysate, while

Fig. 1. CD4+ CXCR5+ T cells in PBC patients demonstrated upregulated cytokine secretion.
Freshly isolated peripheral blood CD4+ CXCR5+ T cells were treated with (A) unstimulated medium, with (B) anti-CD3 and anti-CD28 monoclonal antibodies (3/28),
1 μg/mL each, or with (C) 50 ng/mL PMA and 1 μg/mL ionomycin (P/I), for 6 h. The IFNγ-, IL-10-, IL-17-, and IL-21-secreting cell frequencies were examined by ELISpot. All
experiments were performed in triplicates and a pooled average of each group is shown.
N = 10 for the healthy control (HC) group and 16 for the PBC group. Diﬀerences between
HC and PBC patients were examined by Mann-Whitney test. *P < 0.05.

2.5. Statistical analyses
All statistical tests were performed in PRISM software, with
P < 0.05 considered signiﬁcant.
3. Results
3.1. Circulating CD4+ CXCR5+ T cells from PBC patients are enriched with
IFN-γ- and IL-17-producing cells
We ﬁrst compared the cytokine secretion by circulating
CD4+ CXCR5+ T cells in PBC patients and in healthy controls (HCs)
immediately after isolation. CD4+ CXCR5+ T cells were sorted from
fresh PBMCs and were incubated in unstimulated culture media, with
anti-CD3/CD28, or with PMA/ionomycin for 12 h. The frequencies of
IFN-γ-, IL-10-, IL-17-, or IL-21-secreting cells were measured by
ELISpot. Directly ex vivo, the frequencies of IFN-γ-, IL-17- and IL-2178
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Fig. 2. TLR ligands could directly and indirectly elevate the cytokine secretion by CD4+ CXCR5+ T cells from HCs and from PBC patients.
CD4+ CXCR5+ T cells were sorted from thawed PBMCs and were incubated alone (Tfh), with autologous monocytes (Tfh + M), or with autologous B cells (Tfh + B). Various TLR ligands
were added for 12 h, and the frequencies of (A) IFN-γ-secreting, (B) IL-17-secreting, and (C) IL-21-secreting cells were examined by ELISpot. For Tfh + M and Tfh + B experiments, the
monocytes and B cells were removed before ELISpot by magnetic sorting. All experiments were performed in triplicates and a pooled average of each group is shown. N = 10 for the
healthy control (HC) group and 16 for the PBC group. Statistical diﬀerences were tested by two-way ANOVA followed by Dunnett's test. Diﬀerences between TLR ligand-stimulated Tfh
cells and unstimulated Tfh cells were denoted by plus (+) signs, while diﬀerences between Tfh, Tfh + M, and Tfh + B conditions were denoted by asterisks (*). +/*P < 0.05.

dysregulation in humoral responses in PBC patients, but very little is
understood about the activation mechanism of Tfh cells.
In the present study, several mechanisms through which bacteria
may stimulate the circulating Tfh cells were examined in PBC patients.
We observed that a few TLR ligands could directly activate circulating
CD4+ CXCR5+ T cells in both HC and PBC subjects. This activation was
possibly through the TLRs expressed on the CD4+ CXCR5+ T cells in an
antigen-independent manner, since it could happen in the absence of
antigen-presenting cells. When monocytes and B cells were present, the
TLR ligands demonstrated more potent activation of circulating
CD4+ CXCR5+ T cells. This monocyte and B cell-mediated enhancement of inﬂammation may occur through indirect mechanisms. The
monocytes and B cells, upon receiving TLR ligand stimulation, could
upregulate the expression of cytokines and costimulatory molecules,
which then increases the inﬂammation of circulating CD4+ CXCR5+ T
cells. However, since no bacterial protein antigen was added, this
monocyte and B cell-mediated enhancement likely did not involve antigen-speciﬁc mechanisms. Subsequently, we examined the response of
circulating CD4+ CXCR5+ T cells to speciﬁc bacterial antigens, including the whole bacterial cells and the protein lysates. In this case,
antigen-speciﬁc mechanisms are likely involved due to two reasons.
First, the speciﬁc protein antigens from each bacterial strain and the
antigen-presenting monocytes were both present; and second, the circulating CD4+ CXCR5+ T cells from HC subjects could be potently

a minor subset of PBC patients did not respond to N. aromaticivorans
lysate. In term of M. gordonae, only a minority of PBC patients presented
signiﬁcant cytokine response toward M. gordonae lysates (Fig. 3C).
Together, these data demonstrated that the circulating CD4+ CXCR5+ T
cells from PBC patients and HCs presented signiﬁcantly diﬀerent response patterns toward bacterial antigens.
4. Discussion
PBC is a progressive cholestatic liver disease primarily aﬀecting
middle-aged women [2], and the underlying mechanisms of PBC are
still unclear to this date. The association between PBC with various
infectious agents, microbial organisms, certain HLA alleles, and autoimmune antibodies suggest that dysregulated inﬂammation plays a
crucial role in the pathogenesis of PBC. In particular, the Tfh cells are
thought to be involved because of the following features: ﬁrst, the
ICOShigh and PD-1high CD4+ CXCR5+ T cells are signiﬁcantly enriched
in the peripheral blood of PBC patients, and the intrahepatic doubleexpression of Bcl-6 (Tfh lineage transcription factor) and PD-1 are enriched in PBC but not HC liver; second, Tfh cells from PBC patients
demonstrate high activation status and functionality, and actively
promote the secretion of antibodies from autologous B cells; and third,
decrease in Tfh frequency is associated with better response to UDCA
[10]. These results have placed Tfh cells at the center of the
79
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Fig. 3. Whole bacteria and bacterial proteins stimulated
Tfh cells in healthy and PBC patients.
Healthy and PBC CD4+ CXCR5+ T cells were sorted from
thawed PBMCs and were incubated with autologous
monocytes, with heat-killed whole bacterial cells or protein
lysates for 24 h. The frequencies of IFN-γ-, IL-17-, and IL21-secreting CD4+ CXCR5+ T cells were examined by
ELISpot. The monocytes were removed before ELISpot by
magnetic sorting. The bacteria used are (A) Escherichia coli,
(B)
Novosphingobium
aromaticivorans,
and
(C)
Mycobacterium gordonae. All experiments were performed in
triplicates. N = 10 for the healthy control (HC) group and
16 for the PBC group. Data were examined by two-way
ANOVA followed by Tukey's multiple comparisons test.
*P < 0.05.

cell response toward lysates therefore could come from two sources.
First, in the lysates, the intracellular protein antigens were exposed to
the extracellular milieu in experiments, while in whole cells, these
antigens were enclosed within the bacterial membrane and were not in
contact with immune cell surface molecules. And second, the whole
cells contained additional cell membrane components, such as

stimulated by TLR ligands but not by bacterial protein lysates, suggesting that the latter stimulation method did not involve typical TLR
ligands. Antigen-independent mechanisms still likely played a major
role in whole cell stimulations because the bacterial cell membrane
contained a variety of TLR ligands. The diﬀerence between
CD4+ CXCR5+ T cell response toward whole cells and CD4+ CXCR5+ T
80
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peptidoglycan and LPS, that could directly stimulate the TLRs, while in
the lysates, those components might be modiﬁed or lost during the lytic
process.
We showed that the IFN-γ-secreting Th1 subset and the IL-17-secreting Th17 subset of circulating CD4+ CXCR5+ T cells, but not the IL4-secreting Th2 subset, were enriched in PBC patients. Th1 and Th17
responses were previously implicated in numerous autoimmune diseases, including PBC [23]. Th17-type Tfh cells were also shown to be
the most potent cell in inducing antibody production from naive B cells
[16]. IFN-γ, on the other hand, is a potent IgG2a class switch factor, and
is possibly responsible for the elevated IgG production by B cells in PBC
patients [10,24]. The expression of IFN-γ and IL-17 were potently
supported by the treatment of circulating CD4+ CXCR5+ T with TLR
ligands, especially in the presence of autologous monocytes and B cells,
suggesting that monocytes and B cells presented a role in exacerbating
Tfh activation in PBC patients. Also, we found that the Tfh cells from
HC patients and PBC patients presented similar levels of cytokine secretion after stimulation with whole bacteria. However, when the
bacterial cells were lysed such that the internal antigens were directly
exposed, the circulating CD4+ CXCR5+ T cells from PBC patients demonstrated signiﬁcantly elevated activation, characterized by potent
IFN-γ, IL-17, and IL-21 secretion, while the circulating CD4+ CXCR5+ T
cells from HCs did not respond. After stimulation of Escherichia coli, a
common intestinal bacterium, Tfh cells from all PBC patients responded
potently to the lysate, while Tfh cells from HCs did not. These results
suggested that Tfh cells from PBC patients presented diﬀerent speciﬁcity compared to HCs. Molecular mimicry between the host protein
pyruvate dehydrogenase complex subunit E2 (PDC-E2) and bacterial
proteins from Escherichia coli, Novosphingobium aromaticivorans, and
Mycobacterium gordonae is hypothesized to be the main mechanism
through which infections with these pathogens could initiate PBC.
There remain many questions to be explored by future studies. First,
given that TLR ligands could stimulate circulating Tfh cells from both
HC and PBC individuals, why only the Tfh cells in PBC subjects were
dysregulated? It was recently shown that the gut microbiome was altered in PBC individuals [25,26]. Thus, the Tfh cells in PBC patients
possibly received stimulation from a set of bacteria diﬀerent from those
in HCs. Whether this supposition is true in vivo still requires further
examinations. Previous studies also demonstrated that TLR ligands
could activate memory CD4+ T cells and that TLR expression on CD4+
T cells was dependent on prior TCR activation [17,18]. Given that the
CD4+ CXCR5+ T cells are enriched with memory cells [16], it is
therefore possible that the circulating CD4+ CXCR5+ T cells in PBC
patients presented varied TLR expression proﬁle, resulting in varied
responses toward TLR ligands. This possibility should also be examined
in further experiments.
In conclusion, this study demonstrated an abnormal response toward bacterial internal antigens in circulating CD4+ CXCR5+ T cells
from PBC patients, which could contribute to autoimmune reactions.

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Conﬂict of interest

[23]

None.
[24]

References
[25]
[1] E.J. Carey, A.H. Ali, K.D. Lindor, Primary biliary cirrhosis, Lancet 386 (2015)
1565–1575, http://dx.doi.org/10.1016/S0140-6736(15)00154-3.
[2] M.H. Imam, M.G. Silveira, E. Sinakos, A.A. Gossard, R. Jorgensen, J. Keach, et al.,
Long-term outcomes of patients with primary biliary cirrhosis and hepatocellular
carcinoma, Clin. Gastroenterol. Hepatol. 10 (2012) 182–185, http://dx.doi.org/10.
1016/j.cgh.2011.09.013.
[3] P. Invernizzi, P. Maria Battezzati, A. Crosignani, F. Perego, F. Poli, A. Morabito,

[26]

81

et al., Peculiar HLA polymorphisms in Italian patients with primary biliary cirrhosis, J. Hepatol. 38 (2003) 401–406, http://dx.doi.org/10.1016/S0168-8278(02)
00440-3.
M.E. Mullarkey, A.M. Stevens, W.M. McDonnell, L.S. Loubière, J.A. Brackensick,
J.M. Pang, et al., Human leukocyte antigen class II alleles in Caucasian women with
primary biliary cirrhosis, Tissue Antigens 65 (2005) 199–205, http://dx.doi.org/10.
1111/j.1399-0039.2005.00351.x.
M. Carbone, A. Lleo, R.N. Sandford, P. Invernizzi, Implications of genome-wide
association studies in novel therapeutics in primary biliary cirrhosis, Eur. J.
Immunol. 44 (2014) 945–954, http://dx.doi.org/10.1002/eji.201344270.
G.M. Hirschﬁeld, X. Liu, C. Xu, Y. Lu, G. Xie, Y. Lu, et al., Primary biliary cirrhosis
associated with HLA, IL12A, and IL12RB2 variants, N. Engl. J. Med. 360 (2009)
2544–2555, http://dx.doi.org/10.1056/NEJMoa0810440.
I.H. Frazer, I.R. Mackay, T.W. Jordan, S. Whittingham, S. Marzuki, Reactivity of
anti-mitochondrial autoantibodies in primary biliary cirrhosis: deﬁnition of two
novel mitochondrial polypeptide autoantigens, J. Immunol. 135 (1985) 1739–1745
(http://www.ncbi.nlm.nih.gov/pubmed/2410503 accessed January 24, 2017).
M. Nakamura, Clinical signiﬁcance of autoantibodies in primary biliary cirrhosis,
Semin. Liver Dis. 34 (2014) 334–340, http://dx.doi.org/10.1055/s-0034-1383732.
H. Kita, O.V. Naidenko, M. Kronenberg, A.A. Ansari, P. Rogers, X.-S. He, et al.,
Quantitation and phenotypic analysis of natural killer T cells in primary biliary
cirrhosis using a human CD1d tetramer, Gastroenterology 123 (2002) 1031–1043
(http://www.ncbi.nlm.nih.gov/pubmed/12360465 accessed January 24, 2017).
L. Wang, Y. Sun, Z. Zhang, Y. Jia, Z. Zou, J. Ding, et al., CXCR5 + CD4 + T follicular
helper cells participate in the pathogenesis of primary biliary cirrhosis, Hepatology
61 (2015) 627–638, http://dx.doi.org/10.1002/hep.27306.
J.L. Cannons, K.T. Lu, P.L. Schwartzberg, T follicular helper cell diversity and
plasticity, Trends Immunol. 34 (2013) 200–207, http://dx.doi.org/10.1016/j.it.
2013.01.001.
N. Chevalier, D. Jarrossay, E. Ho, D.T. Avery, C.S. Ma, D. Yu, et al., CXCR5 expressing human central memory CD4 T cells and their relevance for humoral immune responses, J. Immunol. 186 (2011) 5556–5568, http://dx.doi.org/10.4049/
jimmunol.1002828.
Y. Zhang, L. Garcia-Ibanez, K.-M. Toellner, Regulation of germinal center B-cell
diﬀerentiation, Immunol. Rev. 270 (2016) 8–19, http://dx.doi.org/10.1111/imr.
12396.
S. Crotty, Follicular helper CD4 T cells (TFH), Annu. Rev. Immunol. 29 (2011)
621–663, http://dx.doi.org/10.1146/annurev-immunol-031210-101400.
M. Locci, C. Havenar-Daughton, E. Landais, J. Wu, M.A. Kroenke, C.L. Arlehamn,
et al., Human circulating PD-1 +CXCR3-CXCR5 + memory Tfh cells are highly
functional and correlate with broadly neutralizing HIV antibody responses,
Immunity 39 (2013) 758–769, http://dx.doi.org/10.1016/j.immuni.2013.08.031.
R. Morita, N. Schmitt, S.E. Bentebibel, R. Ranganathan, L. Bourdery, G. Zurawski,
et al., Human blood CXCR5 +CD4 + T cells are counterparts of T follicular cells
and contain speciﬁc subsets that diﬀerentially support antibody secretion,
Immunity 34 (2011) 108–121, http://dx.doi.org/10.1016/j.immuni.2010.12.012.
N. Funderburg, A.A. Luciano, W. Jiang, B. Rodriguez, S.F. Sieg, M.M. Lederman,
Toll-like receptor ligands induce human T cell activation and death, a model for
HIV pathogenesis, PLoS One 3 (2008) e1915, , http://dx.doi.org/10.1371/journal.
pone.0001915.
A.H. Rahman, D.K. Taylor, L.A. Turka, The contribution of direct TLR signaling to T
cell responses, Immunol. Res. 45 (2009) 25–36, http://dx.doi.org/10.1007/s12026009-8113-x.
K.D. Lindor, M.E. Gershwin, R. Poupon, M. Kaplan, N.V. Bergasa, E.J. Heathcote,
et al., Primary biliary cirrhosis, Hepatology 50 (2009) 291–308, http://dx.doi.org/
10.1002/hep.22906.
D.P. Bogdanos, H. Baum, D. Vergani, A.K. Burroughs, The role of E. coli infection in
the pathogenesis of primary biliary cirrhosis, Dis. Markers 29 (2010) 301–311,
http://dx.doi.org/10.3233/DMA-2010-0745.
M.M. Kaplan, Novosphingobium aromaticivorans: a potential initiator of primary
biliary cirrhosis, Am. J. Gastroenterol. 99 (2004) 2147–2149, http://dx.doi.org/10.
1111/j.1572-0241.2004.41121.x.
L. Vilagut, J. Vila, O. Viñas, A. Parés, A. Ginés, M.T. Jiménez de Anta, et al., Crossreactivity of anti-Mycobacterium gordonae antibodies with the major mitochondrial
autoantigens in primary biliary cirrhosis, J. Hepatol. 21 (1994) 673–677, http://dx.
doi.org/10.1016/S0168-8278(94)80117-7.
C.-Y. Yang, X. Ma, K. Tsuneyama, S. Huang, T. Takahashi, N.P. Chalasani, et al., IL12/Th1 and IL-23/Th17 biliary microenvironment in primary biliary cirrhosis:
implications for therapy, Hepatology 59 (2014) 1944–1953, http://dx.doi.org/10.
1002/hep.26979.
R.L. Reinhardt, H.-E. Liang, R.M. Locksley, Cytokine-secreting follicular T cells
shape the antibody repertoire, Nat. Immunol. 10 (2009) 385–393, http://dx.doi.
org/10.1038/ni.1715.
R. Tang, Y. Wei, Y. Li, W. Chen, H. Chen, Q. Wang, et al., Gut microbial proﬁle is
altered in primary biliary cholangitis and partially restored after UDCA therapy,
Gut (2017) (gutjnl-2016-313332), http://dx.doi.org/10.1136/gutjnl-2016-313332.
L.-X. Lv, D.-Q. Fang, D. Shi, D.-Y. Chen, R. Yan, Y.-X. Zhu, et al., Alterations and
correlations of the gut microbiome, metabolism and immunity in patients with
primary biliary cirrhosis, Environ. Microbiol. 18 (2016) 2272–2286, http://dx.doi.
org/10.1111/1462-2920.13401.

