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Abstract: Considered as true helper cells for B cells in antibody response, Tfh cells are associated with inflammation and immune abnormality. Acute pancreatitis is an acute abdominal disease characterized by inflammatory
response and immune disorder. Thus, our objective was to study the frequency of circulating Tfh cells, together
with the Tfh cell-related CD4+ T cells and inflammatory factors in patients with acute pancreatitis. We first examined
the frequency of circulating Tfh cell subsets by detecting the expression of CXCR5, PD-1, ICOS and IL-21 by flow
cytometry analysis. Then we investigated the abundance of helper T cells and Treg cells. In addition, the plasma
level of IgA, IgM, and Tfh cell-related inflammatory factor were detected by cytometric bead array. We showed that
the frequency of circulating Tfh cells increased significantly in patients of acute pancreatitis, including CD4+CXCR5+
cells, CD4+CXCR5+PD-1+ cells, CD4+CXCR5+ICOS+ cells, and CD4+CXCR5+IL-21+ cells. Also, increases in plasma IL1, IL-6, IL-8, IL-17, IL-21 and IgA were observed in patients with acute pancreatitis compared to HCs. This finding
indicates that Tfh cells play a vital role in the development and progression of acute pancreatitis that is dependent
on IL-6 and IL-21.
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Introduction
Acute pancreatitis (AP) is an acute abdominal
disease characterized by pancreatic enzyme
activation and a localized inflammatory response. Risk factors for AP include gallstones,
alcoholism, and hyperlipemia, while the clinical
manifestations of pancreatitis vary with each
individual. Most patients initially suffer from
upper abdominal pain, followed by nausea,
vomiting, fever, and other symptoms. Due to
its various etiologies, clinical features, and potential to progress to severe acute pancreatitis
(SAP), this condition presents high mortality
and a poor prognosis [1, 2]. Faced with the
complex pathogenesis of pancreatitis, many
studies have provided explanations for the
condition that include NF-κB activation, IL-6
trans-signaling, hyperglycemia, and intestinal
immune suppression [3-7]. In addition, CD4+ T
cell-related immune responses are emerging
as a possibility for the development of pancre-

atitis. Immunosuppression occurs during the
early phase of SAP, and CD4+ lymphocyte
counts fall below the normal range [8, 9].
However, Zheng et al. [10] found that nicotine
reduces the mortality of people with AP by
upregulating the number and suppressive capacity of CD4+CD25+ Treg cells.
Follicular B-helper T cells or T-follicular helper
(Tfh) cells, localize within active germinal centers (GCs) and the peripheral blood circulation.
Unlike other effector CD4+ T cells, Tfh cells
express Bcl-6 and CXCR5. Also, Tfh cells highly
express programmed death-1 (PD-1), Inducible
costimulatory (ICOS), and IL-21. ICOS is vital important for the initial stage of Tfh cell differentiation, providing a critical early signal to induce the transcription factor Bcl-6. Then, Bcl-6
subsequently induces high CXCR5 expression,
which functionally drives Tfh cell migration into
B cell follicles in a CXCL13-dependent manner
[11-13].

Increased frequency of Tfh in AP
Tfh cells are associated with multiple autoimmune diseases. In patients with immunoglobulin G4-related ophthalmic disease (IgG4-ROD),
the expression of Bcl-6 and ICOS is significantly higher and is mainly detected in GCs.
Likewise, CXCR5+ Tfh cells were detected in
the GCs and tissues in patients with IgG4-ROD
and IgG4-related lymphadenopathy (IgG4-RL)
[14]. In the peripheral blood of patients with
ankylosing spondylitis, CD4+ICOS+ T cells were
more prevalent in active cases compared
to inactive cases. Indeed, there was a positive correlation between the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and
the percentage of CD4+CXCR5+ICOS+ T cells
[15].
Trypsin activation in the pancreas used to be
considered a crucial factor in AP development,
but it is now clear that subsequent infection,
fluid loss, inflammation, and immune responses may all play important parts in the progression of AP. However, views on what constitutes
most to the exacerbation of AP differ. Tfh cells
and their secreted factor (IL-21) are vital for B
cell differentiation. Also, IL-21 potently induces
Th17 differentiation and promotes or sustains
Th17 lineage commitment [16, 17]. Therefore,
we speculated that Tfh cells may play a significant role in the abnormal immunity of SAP
patients. However, lymphoid tissues from patients with AP are difficult to obtain, and Morita
et al. [18] has shown that CD4+CXCR5+ T cells
from peripheral blood are functionally similar to
Tfh cells from secondary lymphoid organs.
Therefore, our objective was to study the frequency of circulating Tfh cells, together with the
Tfh cell-related CD4+ T cells in patients with AP.
Materials and methods
Patients and controls
Patients with AP (n=35) were enrolled from the
Department of Emergency or Intensive Care
Unit of our hospital during 2017. All patients fulfilled the criteria of acute pancreatitis (2012
Atlanta classification) [1]. Healthy controls
(HCs) (n=20) without autoimmune diseases
[including but not limited to, systemic lupus erythematosus (SLE), rheumatoid arthritis, and
ankylosing spondylitis], benign, and malignant
tumors were included. Peripheral blood samples were obtained from all participants and
stored at 4°C for at most 4 hours. Plasma was
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centrifuged and stored at 80°C to measure
inflammatory factors. Peripheral blood mononuclear cells (PBMCs) were isolated with density gradient medium for further use.
Ethics approval and consent to participate
All the procedures were implemented based
on the principles of the Declaration of Helsinki, and the design of the work was reviewed
and approved by the Ethics Committee of our
Hospital. All subjects agreed to participate in
this study and provided their written informed
consents.
Chemicals and reagent
Density gradient medium were purchased from
Stemcell technologies. All Cytometric Bead
Array (CBA) reagent: (IgA, IgM, IL-1, IL-4, IL-6,
IL-8, IL-17, IL-21, IFN-γ) were purchased from
BD Pharmingen. Rat anti-human CXCR5, mouse anti-human PD1, mouse anti-human IL-17A,
mouse Anti-human IFN-γ were purchased from
BD Pharmingen. The CD3 monoclonal antibody,
CD4 monoclonal antibody, ICOS monoclonal
antibody, fixable viability dye, IL-21 monoclonal
antibody, IL-4 monoclonal antibody, FOXP3 monoclonal antibody were eBioscience products
purchased from Thermo Fisher Scientific. All
corresponding isotype reagents were purchased from the respective companies.
Flow cytometry analysis
PBMCs were washed twice and stained for 30
minutes at 4°C in the dark with the surface
marker antibodies or isotype-matched controls. Meanwhile, for the detection of Foxp3,
the cells were reacted with fixation/permeabilization solution for 30 minutes at room temperature, washed twice the with permeabilization
buffer, then stained with Foxp3 antibody for 30
minutes at room temperature in the dark. In
order to detect inflammatory interleukin, the
PBMCs were preincubated with Cell Stimulation
Cocktail for 4.5 hours in the cell incubator
(37°C, 5% CO2). Analyses were performed with
the BD LSRFortessaTM X-20. Due to the limited
number of PBMC, only 14 AP samples underwent intracellular staining.
Cytometric bead array
The standard materials were prepared in assay
diluent. Capture beads and PE fluorescence
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Figure 1. The proportion of Tfh cells in AP patients increased. The ratios of Tfh cells in peripheral blood of AP patients (n=35) and HCs (n=20) were detected by flow cytometry. A. Representative flow cytometry figure of the ratio
of CXCR5+ cells in CD3, CD4 double positive cells; B. Statistical analysis of ratio of CXCR5+ cells in CD3, CD4 double
positive cells; C. Representative flow cytometry figure of the ratio of CXCR5+ICOS+ cells and CXCR5+PD-1+ cells in
CD3, CD4 double positive cells; D. Statistical analysis of ratio of CXCR5+ICOS+ cells in CD3, CD4 double positive
cells; E. Statistical analysis of the ratio of CXCR5+PD-1+ cells in CD3, CD4 double positive cells. Results are expressed as mean ± SEM, NS: no significant difference, *, P < 0.05; **, P < 0.01; ***, P < 0.001, ****, P < 0.0001.

detection reagent were diluted according to
the manufacturer’s instructions. Mixed capture
beads and samples were incubated at room
temperature in the dark. PE detection reagent
was then added; the samples were gently mixed and incubated at room temperature. Then, 1
mL wash buffer was added, and samples were
centrifuged for 5 minutes. Finally, the supernatant was discarded, and 300 μL wash buffer
was added to the pellet. The results were
detected with a BD LSRFortessaTM X-20 and
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expressed as median fluorescent intensity
(MFI).
Statistical analysis
All data are expressed as the mean ± SEM and
were compared with Student’s t-tests or oneway ANOVA. P values less than 0.05 were considered significant. Analyses were undertaken
with IBM SPSS Statistics (version 19, IBM
Corp., USA) and Prism (version 5.0, GraphPad
Software, Inc., USA).
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PD-1 in CD3+CD4+CXCR5+ cells was observed (0.17±0.01%
vs 0.37±0.04%, P < 0.0001;
1.87±0.15% vs 2.53±0.25%,
P < 0.05, respectively). Taken
together, these results suggested that the frequency of
circulating Tfh cells increased in patients of AP.
Frequency of IL-21+ circulating
Tfh cells

Figure 2. The expression levels of IL-21 and IgA in AP patients increased.
The ratio of CXCR5+IL-21+ cells in peripheral blood of AP patients (n=14)
and HCs (n=7) were detected by flow cytometry and the expression levels
of IL-21, IgA and IgM were detected by CBA in AP patients (n=35) and HCs
(n=20). A. Representative flow cytometry figure of the ratio of CXCR5+IL-21+
cells in CD3, CD4 double positive cells; B-E. Statistical analysis of: B. The
ratio of CXCR5+IL-21+ cells in CD3, CD4 double positive cells; C. Expression
levels of plasma IL-21 (MFI); D. Expression levels of plasma IgA (MFI); E. expression levels of plasma IgM (MFI); Results are expressed as mean ± SEM,
NS: no significant difference, *, P < 0.05; **, P < 0.01; ***, P < 0.001,
****, P < 0.0001.

Results
Increased frequency of circulating Tfh cells
subsets
We first examined the expression of CXCR5,
PD-1 and ICOS (the surface markers of Tfh
cells) (Figure 1). In AP patients, the CXCR5 was
expressed by 8.68±0.60% of CD3+CD4+ cells;
and to a lesser extent in healthy adult blood,
CXCR5 was expressed by 6.24±0.40% (P <
0.01). Furthermore, an increase of ICOS and
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One of the most distinctive features of Tfh cells is the secretion of IL-21, an cytokine that
is essential for the differentiation of Tfh cells and B cells [18,
19]. Hence, we examined the
frequency of IL-21+ circulating
Tfh cells and the plasma-level
expression of IL-21 in AP
(Figure 2A, 2B). Compared to
HCs, AP patients had a significant high level of circulating
CD3+CD4+CXCR5+IL-21+ cells
(median: 0.32±0.05% vs 0.64
±0.12% P < 0.05). Notably,
the level of plasma IL-21 was
also higher in people with AP
than in the HCs (median MFI:
71.42±0.71% vs 76.91±1.17%,
P < 0.01) (Figure 2C). IL-21
secreted by Tfh cells is important for B cell differentiation
and immunoglobulin production regulation [18]. Thus, we
next measure the expression
level of immunoglobulin in patients with AP.
Level of plasma IgA and IgM

We currently have showed the frequency of circulating Tfh cells and plasma IL-21 increased in
AP patients, so we assayed the levels of plasma IgA and IgM (Figure 2D, 2E). CBA detection
revealed that, compared to HCs, the level of
plasma IgA was significantly higher in AP patients (median MFI: 23919±1793 vs 36520±
3145, P < 0.01). While IgM was slightly increased in AP patients (median MFI: 48552±2609
vs 53558±3526, P > 0.05). IgA plays an important role in mucosal defense and is the first
line of defense against pathogens, while exces-
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Figure 3. The proportion of T help cells and Treg cells in AP patients. The proportion of T help cells and Treg cells in
AP patients (n=14) and HCs (n=7) were detected by flow cytometry. A. Representative flow cytometry figure of the
proportion of Th1 cells; B. Representative flow cytometry figure of the proportion of Th2 cells; C. Representative flow
cytometry figure of the proportion of Th17 cells; The proportion of Treg cells and Treg cells in AP patients (n=35)
and HCs (n=20) were detected by flow cytometry. D. Representative flow cytometry figure of the proportion of Treg
cells; E-H. Statistical analysis of: E. Proportion of Th1 cells; F. Proportion of Th2 cells; G. Proportion of Th17 cells; H.
Proportion of Treg cells; Results are expressed as mean ± SEM, NS: no significant difference, *, P < 0.05; **, P <
0.01; ***, P < 0.001, ****, P < 0.0001.

sive levels of IgA may deposit in the glomerular
mesangial and aggravate kidney damage.
Frequency of helper T cells and Treg cells
Previous research confirmed there was an
interaction between Tfh cells and Th17 cells
[20], thus we next examined the frequency of
Th1, Th2 and Th17 cells (Figure 3A-C, 3E-G). All
three subsets increased slightly in AP patients, but not significantly (median: Th1 cells,
20.78±3.99% vs 23.23±3.20%, P > 0.05; Th2
cells, 2.77±0.34% vs 3.39±0.41%, P > 0.05;
Th17 cells, 0.84±0.12% vs 1.08±0.14%, P >
0.05). It has been confirmed that there was an
connection between Tfh cells and Treg cells,
depending on the molecule, PTEN [21]. The
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absence of PTEN in Treg cells increases the
number of Tfh cells and GCs. Also, there was a
significant change in Treg cells abundance between the AP patients and HCs (median: Treg
cells, 4.68±0.35% vs 5.88±0.28%, P < 0.05)
(Figure 3D, 3H).
Expression of Tfh cell-related inflammatory
factor
Tfh cells are correlated with IL-6, IL-17, and
IFN-γ [22, 23], and Treg cell stability was associated with the repression of Tfh and Th1 cells
[21]. So, we next investigated the plasma level
of IL-1, IL-4, IL-6, IL-8, IL-17 and IFN-γ (Figure 4).
Increased in plasma IL-1, IL-6, IL-8 and IL-17
were observed in AP patients compared to HCs,
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Figure 4. The expression levels of Tfh cell-associated inflammatory cytokines in AP patients increased. The expression levels of Tfh cell-associated inflammatory cytokines in AP patients (n=35) and HCs (n=20) were detected,
including IL-1, IL-4, IL-6, IL-8, IL-17 and IFN-γ. Statistical analysis of: A. Expression levels of plasma IL-1 (MFI); B.
Expression levels of plasma IL-4 (MFI); C. Expression levels of plasma IL-6 (MFI); D. Expression levels of plasma IL-8
(MFI); E. Expression levels of plasma IL-17 (MFI); F. Expression levels of plasma IFN-γ (MFI); Results are expressed
as mean ± SEM, NS: no significant difference, *, P < 0.05; **, P < 0.01; ***, P < 0.001, ****, P < 0.0001.

and these increases, except for IL-17, were
statistically significant (medians MFI: IL-1,
93.54±4.71 vs 137.60±10.67, P < 0.001; IL-6,
133.80±5.84 vs 3067.00±678.00, P < 0.001;
IL-8, 411.60±53.31 vs 2162.00±240.20, P <
0.0001; and IL-17, 79.06±2.24 vs 91.63±3.33,
P < 0.01, Figure 4A, 4C-E). For IL-4 and IFN-γ,
there was no change in the levels of inflammatory factors between patients with AP and the
HCs. Systemic inflammatory response syndrome (SIRS) is one of the serious complication in
AP, involving an overwhelming release of cytokines, including pro-inflammatory and antiinflammatory components. Currently research
showed many Tfh cell-related inflammatory factors increased significantly in patient with AP.
Therefore, we speculate Tfh cells may be involved in SIRS.
Discussion
For a benign disease, AP (especially SAP) is
associated with high mortality and significant
morbidity, posing a great social and economic
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burden [24, 25]. The annual incidence of AP
ranges from 33 to 45/100,000 persons [26,
27]. A 10-year study [28] showed that the incidence of first time AP has increased among
those younger than 15 years-old and older than 65 years. The mortality rates also differ
based on country, being 1.9% in Japan [27],
4.3%-3.3% in Taiwan [28], and 7.8% in European countries. The causes of death related to
AP vary, ranging from septic shock and cardiac
arrest and multiple organ failure and internal
bleeding.
Here, we showed that the frequency of circulating Tfh cells increased significantly in patients of AP, including CD3+CD4+CXCR5+ cells,
CD3+CD4+CXCR5+PD-1+ cells and CD3+CD4+
CXCR5+ICOS+ cells. Such Tfh cells are considered true helper cells for B cells in antibody
response. Previous work showed that Tfh cells
are associated with multiple autoimmune diseases. Yang et al. [14] demonstrated that
ICOS increased in patients with IgG4-RD and
CD4+CXCR5+ cells were mainly observed in GCs

Int J Clin Exp Pathol 2018;11(11):5300-5308

Increased frequency of Tfh in AP
and T-B junctions in lymph nodes form patients
with IgG4-RL. Xu et al. [11] used flow cytometry
to monitor a circulating Tfh cell subset and
found that the frequency of CD4+CXCR5+ICOS+
increased significantly in patients with SLE patients; furthermore, a higher frequency of circulating Tfh cells might have more SLE activity. A
similar result was published in patients with
AS [15]. Taken together, we speculate in AP
patients, the body’s immune response may be
overloaded in a process initiated or supported
by Tfh cells.
Previous research confirmed there is an interaction between Tfh cells, Treg cells, and Th17
cells in AS. After anti-TNF-α therapy, Th17 cells
significantly decreased in responders, but were
notably enhanced in non-responders, and Treg
cells demonstrated exactly the opposite phenomenon [20]. Depending on a crucial protein
PTEN, active maintenance of Treg cell stability
was associated with the repression of Th1
and Tfh responses [21]. Hence, we measured
the abundance of Treg and T helper cells.
Surprisingly, unlike in autoimmune diseases,
the frequency of Treg cells seemed decreased
in AP samples compared to HC samples. In
addition, Th1, Th2, and Th17 cells increased
in the enrolled AP patients (though the increase was not significant). We propose that
further research with larger-scale samples is
needed.
IL-21 is essential for the generation and differentiation of Tfh cells and the function of B cells
[18, 19]. Also, IL-21 is sufficient and necessary
for Th17 differentiation [16]. Previous research
showed that IL-21 was associated with autoimmune diseases. In patients with AS, an increase
in IL-21 is associated with an increase in plasma immunoglobulin [15]. Yang et al. [14] revealed the conjunction of highly expressed
IL-21 and CXCR5 in samples of diseased tissue
from patients with IgG4-RD. Here, we demonstrated that AP patients had a significant high
level of circulating CD3+CD4+CXCR5+IL-21+ cells
and a significant increase in plasma IL-21. Then
we assayed the plasma immunoglobulin levels
and found that IgA was remarkably increased in
AP patients. IgA plays an important role in
mucosal defense and is the first line of defense against pathogens, while excessive level
of IgA may deposit in the glomerular mesangial
and aggravated kidney damage. These results
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suggested that IL-21 may be a regulatory element of AP, mediating B cell differentiation and
regulating the secretion of immunoglobulins.
Excessive IgA may lead to kidney damage and
even renal failure, which is considered an
important component of multiple organ dysfunction syndrome (MODS).
MODS is considered the most serious complication of AP. The presence of organ failure indicates severe disease, and 30% of patients who
develop organ failure die [29]. Considering the
cause of MODS, SIRS plays a vital role, and a
significant number of AP patients with SIRS
develop MODS. Hence, the American College
of Gastroenterology Guideline proposed that
AP patients with either organ failure or SIRS
should be admitted to an intensive care unit
whenever possible [2]. The views on the cause
of SIRS differ, while the result is clear, involving
an overwhelming release of cytokines, including pro-inflammatory and anti-inflammatory
components. Here we showed that AP patients
had a significant increase in plasma Tfh cellrelevant inflammatory factors, with the increase
in IL-6 being most prominent. Tfh cell generation depends on IL-6, IL-21, and STAT-3 [30].
These data suggested that IL-6 correlated with
the impact of Tfh cells on AP. However, further
research is needed to determine whether excess IL-6 enhances Tfh cell generation in patients with AP.
In conclusion, our study showed that CXCR5+
Tfh cells and plasma IL-6 and IL-21 were increased in patients with AP. Given the effects
of Tfh cells on B cells and T helper cells, as
well as the phenomena of SIRS and upregulated plasma immunoglobulin levels, we speculate that Tfh cells play a vital role in the development and progression of AP that is dependent upon IL-6 and IL-21. These data revealed a
new target for the treatment of AP.
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