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Activated inducible co-stimulator-positive programmed cell death
1-positive follicular helper T cells indicate disease activity and
severity in ulcerative colitis patients
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Inducible co-stimulator-positive (ICOS) and programmed cell death 1-
positive (PD-1) are important markers for follicular helper T cells (Tth);
however, their roles and clinical values in ulcerative colitis (UC) remain
unknown. In this study, we recruited 68 UC patients and 34 healthy con-
trols. Circulating ICOS*, PD-1* and ICOS*PD-1* Tth subsets were analyzed
by flow cytometry. Twelve active UC patients achieving remission after
treatment with 5-aminosalicylic acid were followed-up and Tfh subset
changes were analyzed. Serum immunoglobulin (Ig)G, C-reactive protein
(CRP), interleukin (IL)-4 and IL-21 levels and B cell subsets were analyzed
and Mayo scores were calculated. Correlation analyses were performed
between Tth subsets and the clinical indicators. Receiver operating char-
acteristic (ROC) curves were generated to evaluate the efficiency of Tth
subsets for disease monitoring. We found that levels of ICOS*, PD-1* and
ICOS*™PD-1* Tth cells were significantly increased in active UC and sig-
nificantly decreased when achieving clinical remission. Activated ICOS*PD-
1*Tth cells were positively correlated with serum CRP and Mayo scores.
Furthermore, ICOS*PD-1* Tth cells were significantly correlated with cir-
culating new memory B cells and plasmablasts, as well as serum IgG, IL-4
and IL-21. ROC analyses showed that when ICOS*PD-1* Tfh cells were
used in combination with PD-1* Tth cells, the diagnostic efficacy in dis-
tinguishing active UC from stable remission patients was higher than that
of any one used alone, with area under curve (AUC) value 0-931. Our
findings suggest that increased ICOS*PD-1* Tth cells are associated with
the activation of B cells in the pathogenesis of UC, and may be a potential
biomarker for UC disease monitoring.
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Introduction of effective treatment methods for UC patients, and is

. .. . .. . also important for the discovery of reliable biomarkers
Ulcerative colitis (UC) is a chronic inflammatory disease P Y

that mainly affects the colon and rectum [1]. It manifests for disease activity monitoring,

as an alternation between the active and remission phases, Although the precise etiology of UC has not been

and a long-term relapse can lead to the development of
colitis-related cancer [1]. To date, there is a lack of reli-
able biomarkers to monitor active UC, because the patho-

completely clarified, B cell-mediated humoral immune
over-reaction plays an important role in the pathogenesis
of UC [3-6]. Several kinds of autoantibodies secreted by

genesis of UC is multi-factorial and has not been fully
elucidated [2]. Therefore, it is crucial to understand the
pathogenesis of UC, which is critical for the development

functional B cells have been found to participate in the
onset and exacerbation of UC [3,4,7,8]. Our previous
research found that CD19*CD24 CD38~ new memory B
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cells and CD19*CD24-CD38"i8? plasmablasts cells in active
UC were significantly increased and were positively cor-
related with disease severity [9].

As is well known, the normal maintenance of B cell
differentiation and function requires the coordinated regu-
lation of follicular helper T (Tfh) cells and follicular
regulatory T (Tfr) cells [10-12]. Tth cells provide important
signals to regulate B cells to differentiate into effective B
cells and secrete high-affinity and isotype-switched anti-
bodies [10,12,13]. In contrast, Tfr cells have an inhibitory
effect on Tfth and germinal center B cells [12,14]. An
imbalance of Tfr and Tth cells may induce diseases medi-
ated by abnormal B cell immunity [9,15,16]. Xue et al.
reported that Tth cells and interleukin (IL)-21 were sig-
nificantly higher in UC patients than in healthy controls
[17].IL-21 was positively correlated with Tth in UC patients,
and there was a positive correlation between Tth and
CD38*CD19" B cells [17]. Our research found that increased
levels and enhanced functions of CXCR3 CCR6~ Tth2
cells may be key factors in Tfr/Tth imbalance and may
play a potential role in the pathogenesis of UC [9]. In
addition, according to the expression diversity of functional
molecules, Tth cells can be divided into activated and
resting types [10]. Among these functional molecules,
inducible co-stimulator (ICOS) and programmed cell death
1 (PD-1) have the most important effects on the pheno-
type and function of Tth cells [10,12].

ICOS is highly expressed on Tth cells, which was dem-
onstrated to be a potent function molecule for Tth cells
to help B cells [18]. The lack of ICOS will cause severe
loss of memory B cells and completely prevent all antigen-
specific immunoglobulin (Ig)G responses [19]. PD-1 is a
potent inhibitory receptor and is important for T cell
tolerance, which is highly expressed on germinal center
Tth cells and peripheral blood Tth cells [20,21]. Because
PD-1/PD ligand 1 (PD-L1) sends essential signals to B
cells, PD-1 expressed at high levels on Tth cells is essential
for B cell responses and antibody production [22].
Meanwhile, the lack of PD-1 expression on Tth cells is
associated with decreased secretion of serum IL-4 and
IL-21 [22]. Therefore, the expression of ICOS and PD-1
represents activated Tth cells and plays an important role
in helping B cell differentiation and antibody production.
ICOS and PD-1 expression on Tth is reported to be
increased in several immune-related diseases, such as
Sjogren’s syndrome (SS) [23], multiple sclerosis (MS) [24]
and primary biliary cirrhosis (PBC) [25], and further found
to be positively correlated with diseases severity [23,25].
However, the changes and potential clinical significance
of ICOS and PD-1 expression on Tth cells in UC remain
unclear.

In this study we recruited UC patients in active and
stable remission, aiming to examine the changes of Tth
subtypes classified by ICOS and PD-1 in UC patients

ICOS+PD-1+ Tfh indicate disease activity of UC

of different clinical stages. In addition, we investigated
the potential effects of Tth subtypes on effecter B cells,
antibody production and serum IL-21 and IL-4 levels.
We also evaluated the potential value of these Tth sub-
populations as biomarkers for monitoring UC disease
activity.

Materials and methods

Subjects and data collection

The study recruited 68 patients diagnosed with UC who
were admitted to the Peking University People’s Hospital
from August 2019 to January 2020, including 34 patients
in active phase and 34 patients in stable remission. All
subjects were diagnosed according to criteria including
clinical manifestations, endoscopy and histological examina-
tion results [26]. Disease severity was evaluated by the Mayo
score disease activity evaluation system, and patient with
a Mayo score > 2 was determined to be in active stage
[27]. Thirty-four healthy adults were recruited from the
physical examination center as healthy controls (HCs). The
remaining blood samples from routine complete
blood count tests were collected as peripheral blood samples
for the experiment. Remaining serum samples after bio-
chemical tests are used to detect cytokines. The clinical
indicators of all subjects were retrospectively collected from
hospital records, including age, gender, white blood cell
count (WBC), lymphocytes count, C-reactive protein (CRP),
albumin and hemoglobin, etc. Patients who received glu-
cocorticoid and/or immunosuppressive drugs within
3 months, diagnosed with any other autoimmune diseases,
indeterminate colitis or Crohn’s disease, or with concomitant
intestinal infection or allergic diseases, were excluded.
Furthermore, we successfully followedup 24 active UC
patients achieving clinical remission, 12 of whom had
undergone a course of 5-aminosalicylic acid (5-ASA) treat-
ment without use of glucocorticoid and/or immunosup-
pressive drugs. Peripheral blood samples of these 12 patients
were collected and levels of Tth subsets were analyzed. This
research was approved by the Ethics Committee of Peking
University People’s Hospital and was performed according
to the ethical standards of the Declaration of Helsinki.

Cell isolation and flow cytometry

Peripheral blood mononuclear cells (PBMCs) were freshly
isolated by Ficoll separation (Ficoll-Paque; Pharmacia,
Uppsala, Sweden). PBMCs were resuspended and stained
with surface-labeled antibodies [including phycoerythrin-
cyanin 7 (PE-Cy7), anti-CD4, PE-anti-C-X-C chemokine
receptor type 5 (CXCRS5), allophycocyanin (APC)-anti-PD-1
and APC-Cy7-anti-ICOS; BioLegend, San Diego, CA, USA]
for 30 min after washing twice with phosphate-buffered
saline (PBS). Cells were then intracellularly stained using
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the transcription factor staining buffer kit (Tonbo, San Diego,
CA, USA), according to the manufacturer’s instructions.
Cells were incubated with fluorescein isothiocyanate (FITC)-
anti-forkhead box protein 3 (FoxP3) (BioLegend, San Diego,
CA, USA) for 40 min after fixation and permeabilization,
then suspended in PBS for final analysis with fluorescence
activated cell sorter (FACS)Canto using Diva software (BD
Biosciences, San Jose, CA, USA). For B cell subset analysis,
PBMCs were stained with APC-anti-CD19, PE-anti-CD24
and FITC-anti-CD38 (BioLegend) and detected by flow
cytometry. The CD19*CD24"CD38~ subset represents new
memory B cells and the CD19*CD24-CD38"¢" subset rep-
resents plasmablasts [28]. At least 50 000 events per samples
were analyzed for the final analysis. The technician was
blinded to the clinical characteristics of the patients. The
absolute count of each subpopulation was calculated based
on the number of lymphocytes in the complete blood count
result and the frequency of the subpopulation within the
lymphocytes determined by flow cytometry.

Clinical indicator measurement

WBC, lymphocyte counts and hemoglobin were determined
by Sysmex XE-2100 (TOA Medical Electronics, Kobe,
Japan). Serum albumin was measured by Beckman Coulter
AU5800 automatic biochemical analyzer (Beckman Coulter
Inc., Brea, CA, USA). The levels of serum CRP and IgG
were analyzed using IMMAGES800 (Beckman Coulter Inc.).

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of IL-4 and IL-21 were determined
by commercialized ELISA kits (Biolegend). Standards curves
were generated with standards analyzed in duplicate, and
the samples were diluted to a final dilution of 1 : 5 for
IL-4 and IL-21 measurement.

Statistical analysis

Differences between groups were analyzed by one-way
analysis of variance (anova) with Bonferroni multiple

comparisons. Correlation analyses were conducted using
Spearman’s rank correlation test. The analyses were con-
ducted using Prism software (GraphPad Software, San
Diego, CA, USA). In addition, logistic regression and
receiver operating characteristic (ROC) curve analyses were
performed to explore the efficiency of parameters in evalu-
ating UC disease activity and the cut-off values were
determined, which was performed using spss software
version 16.0. All the statistical tests were two-tailed. A
value of P < 005 was considered statistically
significant.

Results

Clinical characteristics of UC patients and healthy
controls included

To investigate Tth subsets classified by expression of PD-1
and ICOS in UC patients, we recruited 34 cases of active
UC patients, 34 cases of UC patients in stable remission
and 34 age- and sex-matched healthy controls (HCs). The
clinical characteristics of all the subjects are shown in
Table 1. No significant difference was found for age, gender,
WBC counts and lymphocytes among three groups.
However, higher levels of CRP and lower levels of albumin
and hemoglobin were observed in active UC patients
compared with patients in stable remission and HCs.

Circulating ICOS*, PD-1* and ICOS*PD-1* Tth cells
were significantly increased in active UC patients

We previously reported that active UC patients possessed higher
levels of Tth cells and CXCR3"CCR6™ Tth2 subsets but
decreased Tfr cells in peripheral blood [9]. In order to further
our research, we studied the expression of ICOS and PD-1
on Tth cells. PBMCs were isolated from all subjects and then
stained with CD4, CXCR5, ICOS, PD-1 and FoxP3. In this
study, we defined CD4*CXCR5*FoxP3~ T cells as circulating
Tth cells to exclude regulatory T cells (T, and Tfr (Fig. la).

Table 1. Demographic and clinical characteristics of subjects involved in this study

Healthy controls (n = 34) Active UC (n = 34) Stable remission UC (n = 34) P
Male sex (1, %) 17 (50-0) 18 (52.9) 17 (50-0) 0-3651
Age, years (median, IQR) 41 (21-53) 40 (21-55) 38 (20-54) 0-0895
WBC,10%/1 (median, IQR) 6-43 (5-03-7-52) 6-54 (4-83-8-68) 6-49 (5-17-8-16) 0-2938
Lymphocyte, 10°/1 (median, IQR) 1.87 (1-59-2-41) 1.92 (1-47-2-33) 1:90 (1-45-2-19) 0-0913
IgG, mg/l (median, IQR) 119 (10-8-12:9) 16:3 (12:6-18-8) 12-8 (10-7-14-7) 0-0060
Hemoglobin,g/l (median, IQR) 145 (129-159) 112 (100-135) 137 (124-155) < 0-0001
Albumin, g/l (median, IQR) 45-8 (41.9-48-3) 36-8 (32:5-42-1) 434 (38-8-45-1) < 0-0001
CRP, mg/l (median, IQR) - 23.9 (14-2-41-6) 2-56 (0-81-6-41) < 0-0001
Mayo score (median, IQR) - 7 (5-9) 2(1-2) < 0-0001

IQR = 25th-75th; UC = ulcerative colitis; HCs, healthy controls; WBC = white blood cells; CRP = C-reactive protein.
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Fig. 1. Flow cytometry analysis of inducible co-stimulator (ICOS)* follicular helper T cells (Tth) and programmed cell death protein 1 (PD-1)* Tth

cells in ulcerative colitis (UC) patients. (a) Representative dot-plots of Tth and Tfr cells in CD4*CXCR5*T cells in peripheral blood mononuclear cells
(PBMCs). CD4*CXCR5*forkhead box protein 3 (FoxP3)™ cells were defined as Tth and CD4*CXCR5FoxP3" cells were defined as Tfr cells. (b,c)
Representative dot-plots of peripheral PD-1* Tth cells (b) or ICOS* Tth cells (¢) in active UC patients, stable remission UC patients and healthy
controls (HCs) are shown and the numbers indicate the corresponding percentages of each subset. Fluorescence minus one (FMO) scatter-plots
served as controls. (d,e) Comparison of peripheral PD-1* Tth (d) or ICOS* Tth (d) cell percentages and absolute numbers (per liter) in active UC
patients (n = 34), stable remission UC patients (n = 34) and healthy controls (n = 34). Data are shown as mean with standard deviation (s.d.).

P < 0-001; **P < 0-01; *P < 0-05; n.s. = not significant.

Peripheral Tth cells expressing ICOS or PD-1 show a
stronger inhibitory effect on B cell differentiation, and
ICOS or PD-1 positive is considered to be the activated
Tth cell phenotype [13,29]. We found that both

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 202: 106-118

percentages and absolute numbers (per liter) of PD-1*
Tth cells were increased in active UC patients, compared
with HCs and stable remission UC patients (Fig. 1b,d).
Similarly, higher levels of ICOS* Tth cells were also observed
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Fig. 2. Flow cytometry analyses of inducible co-stimulator (ICOS)* programmed cell death protein 1 (PD-1)* follicular helper T cells (Tth) cells in
ulcerative colitis (UC) patients. (a) Representative dot-plots of peripheral ICOS*PD-1* Tth cells in active UC patients, stable remission UC patients
and healthy controls (HCs). Fluorescence minus one (FMO) scatter-plots for ICOS or PD-1 are shown as controls. Numbers indicates the
corresponding percentages of ICOS*PD-17 subsets within CD4*CXCR5*forkhead box protein 3 (FoxP3)~ Tth cells. (b) Comparison of ICOS*PD-1*
Tth cell percentages and absolute numbers (per liter) in active UC patients (n = 34), stable remission UC patients (n = 34) and healthy controls

(n = 34). Data are shown as mean with standard deviation (s.d.). ***P < 0-001; *P < 0-05; n.s. = not significant.
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Fig. 3. Level changes of follicular helper T cells (Tth) subsets in active ulcerative colitis (UC) patients achieving clinical remission. Active UC patients
who achieved clinical remission after the treatment of 5-aminosalicylic acid (5-ASA) were followed-up (n = 12) and the frequencies [within
CD4*CXCR5* forkhead box protein 3 (FoxP3)~ Tth] and absolute numbers (per liter) of inducible co-stimulator (ICOS)* Tth cells (a), programmed
cell death protein 1 (PD-1)* Tth cells (b) and ICOS*PD-1* Tth cells (c) before and after treatment were measured and compared. The P-values are
displayed.
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Fig. 4. Correlation analyses between follicular helper T cells (Tfh) subpopulations and clinical indicators in active ulcerative colitis (UC) patients.
Correlation analyses between inducible co-stimulator (ICOS)* Tfh, programmed cell death protein 1 (PD-1)* Tth or ICOS*PD-1* Tth percentages
[within CD4*CXCR5* forkhead box protein 3 (FoxP3)~ Tth] and serum C-reactive protein (CRP) levels (above) or Mayo scores (below) were
conducted using Spearman’s rank correlation test. Data are from 34 active UC patients and are shown as scatter-plots. The r- and P-values are listed.

For P-values less than 0-05, the graph is linearly fitted to show the trend.

in active UC patients (Fig. 1c,e). Furthermore, we inves-
tigated Tth cells expressing both ICOS and PD-1, and
found that the percentages and absolute numbers of
ICOS*PD-1* Tth cells were significantly increased in active
UC patients (Fig. 2).

In the 12 followed-up active UC patients who had
undergone 5-ASA treatment, both the percentages and
absolute numbers of ICOS*PD-1* Tth cells were signifi-
cantly decreased when achieving stable remission from
active stage (Fig. 3). Meanwhile, percentages and absolute
numbers of ICOS* Tth cells and PD-1* Tth cells were
also decreased (Fig. 3a). We compared the levels of Tth
subsets in these treated patients with other stable remis-
sion UC patients and found that ICOS*, PD-1* and
ICOS*PD-1* Tth levels were not significantly different

112

(Supporting information, Table S1). These results suggest
that the up-regulation of these Tth subpopulations, espe-
cially the activated ICOS*PD-1* Tth subset, may play a
potential pathogenic role in the disease activity of UC.

Peripheral activated ICOS*PD-1" Tth cells were
positively correlated with disease activity of UC patients

We next explored the clinical significance of ICOSY,
PD-1* and ICOS*PD-1" Tth subsets in UC patients. We
analyzed associations between Tfh subsets and clinical
indicators commonly used to evaluate disease activity
and severity of UC, including serum CRP and Mayo
scores. ICOS*PD-1* Tth cells were significantly positively
correlated with both serum CRP (r = 0-4364, P = 0-0018,
Fig. 4a) and Mayo scores (r = 0-4693, P = 0-0004,

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 202: 106-118
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However, neither the significant correlation between
ICOS* Tth cells and Mayo scores nor the significant
correlation between PD-1* Tth cells and serum CRP was

Fig. 4b) in active UC patients. In addition, we observed
positive correlations between ICOS* Tth cells and serum
CRP, as well as between PD-1* Tth cells and Mayo scores.
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Fig. 5. Correlation analyses between follicular helper T cells (Tth) subpopulations and B cell subsets or serum immunoglobulin (Ig)G in ulcerative

colitis (UC) patients. (a) Peripheral blood mononuclear cells (PBMCs) were acquired from active UC patients (n = 34), stable remission UC patients
(n = 34) and surface CD19, CD24 and CD38 were stained using fluorescent antibodies. CD24 and CD38 could classify circulating B cells into
primarily memory B cells (CD19*CD24"¢"CD38" (a)), transitional B cells (CD19*CD24Me"CD38Me" (b)), new memory B cells (CD19*CD24-CD38"
(c)) and plasmablasts (CD19*CD24-CD38M¢ (d)), and representative dot-plots are shown. (b.c) Correlation analyses between inducible co-stimulator
(ICOS)* Tth, programmed cell death protein 1 (PD-1)* Tth or ICOS*PD-1" Tth cell percentages and new memory B cells (b) or plasmablasts (c) were
conducted. Data are from 68 UC patients. Data are shown as scatter plots, and r and P-values are listed. For P-values less than 0-05, the graph is linearly
fitted to show the trend. (d) Correlations between ICOS* Tth, PD1*Tth or ICOS*PD-1*Tth cells and serum immunoglobulin (Ig)G levels were
analyzed. Data are from 68 UC patients. The r- and P-values are indicated. For P-values less than 0-05, data are present as scatter-plots with linear fit.

<

<

observed. This suggests that activated ICOS*PD-1* Tth
cells are more effective than ICOS* Tth cells and PD-1*
Tth cells in reflecting the UC disease condition.

Activated ICOS*PD-1" Tth cells were related to B cell
functional subsets and serum IgG levels

Tth cells are crucial for the differentiation and develop-
ment of B cells, and abnormality of effective B cells was
confirmed to be involved in the pathogenesis of UC
[9-13]. To further study the clinical significance of cir-
culating ICOS*, PD-1* and ICOS*PD-1* Tth cells in the
pathogenesis of UC, we analyzed their associations with
functional B cell subsets. We found that CD24-CD38~
new memory B cells were significantly positively correlated
with ICOS*, PD-1* and ICOS*PD-1* Tth cells in UC
patients (r = 0-4148, P = 0-0004; r = 0-5228, P < 0-0001;
r = 0-3915, P = 0-0032; Fig. 5b). In addition, we found
significantly positive correlations between ICOS*PD-1*
Tth cells and CD24 CD38h¢" plasmablasts (r = 0-4223,
P = 0-0073, Fig. 5¢), but no significant correlations were
found between ICOS* Tth cells, PD-1* Tth cells and
CD24-CD38"i8® plasmablasts (Fig. 5¢). As the serum level
of IgG was an important indicator for B cell activity,
we further found that serum IgG levels in UC patients
were positively correlated with ICOS*, PD-1* and
ICOS*PD-1" Tth cells (r = 0-2557, P = 0-0339; r = 0-3128,
P = 0-0075; r = 0-4289, P = 0-0003; Fig. 5d).

Activated ICOS*PD-1* Tfh cells were positively
correlated with serum IL-21 and IL-4 levels

IL-4 is considered to be a cytokine involved in B cell
survival and differentiation [30]. Recent studies have
found that IL-4 and IL-21 produced by activated Tth
cells are effective cytokines that can drive the differen-
tiation of human plasma cells [31-33]; therefore, whether
or not Tth subsets exert their effects on functional B
cells by affecting serum IL-4 and IL-21 levels is worthy
of study. We performed correlation analyses between
Tth subsets and serum IL-4 and IL-21. We found that
serum IL-4 and IL-21 levels were significantly elevated
in active UC but were comparable between HCs and
stable remission UC patients (Fig. 6a), and the changes
in IL-21 are consistent with our previous research results
[9]. We also found that ICOS*PD-1* Tfh cells were

significantly correlated with serum IL-4 and IL-21 levels
(r = 0.4696, P < 0-0001; r = 0-4133, P = 0-0005; Fig.
6b,c). In addition, ICOS™ Tth cells and PD-1" Tth cells
were positively correlated with serum IL-4 (r = 0-4322,
P = 0-0002; r = 0-2551, P = 0-0358, Fig. 6b) and IL-21
(r = 02637, P = 0-0298; r = 0-2515, P = 0-0385, Fig.
6¢). These data indicate that the activated Tth subpopu-
lation may show a pathogenic effect on UC disease
activity by promoting the differentiation and development
of activated B cells, which may be due to increased
serum levels of IL-4 and IL-21.

Activated ICOS*PD-1* Tth cell level can be used as a
potential biomarker for UC disease activity monitoring

As Tfh subsets such as ICOS™PD-1* Tth cells are sig-
nificantly increased in active UC patients and have sig-
nificant positive correlations with UC disease activity,
we further explored whether they can be used as potential
biomarkers for UC disease activity and severity moni-
toring. As shown in Fig. 7 and Table 2, we used
ICOS*PD-1* Tth to distinguish active UC from stable
remission UC to generate a ROC curve. The area under
the curve (AUC) was 0-883, which was larger than other
single-cell subsets. ICOS* Tth cells and PD-1* Tth cells
possessed AUCs of 0-722 and 0-728, respectively, which
were higher than CRP with AUC of 0-708 (Table 2 and
Fig. 7). We also analyzed the efficacy of using combined
two-cell subsets for diagnosis. When ICOS*PD-1" Tth
cells were used in combination with PD-1* Tth cells,
efficiency is higher than in any of them used alone
(AUC = 0-931), followed by the combination of PD-1*
Tth cells and ICOS™ Tth cells (AUC = 0-832), ICOS*PD-1*
Tfh and ICOS* Tth cells (AUC = 0-826). Cut-off value,
sensitivity and specificity for each indicator are listed
in Table 2.

Discussion

To our knowledge, in this study we for the first time
comprehensively examined the changes and clinical sig-
nificance of Tth subsets classified according to the dif-
ferential expression of ICOS and PD-1 in different clinical
stages of UC patients. We found that ICOS*, PD-1* and
ICOS*PD-1" Tth cells were significantly elevated in active
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Fig. 6. Correlation analyses between programmed cell death protein 1 (PD-1)* follicular helper T cells (Tth), inducible co-stimulator (ICOS)* Tth
cells, ICOS*PD-1* Tth cells and serum interleukin (IL)-4 and IL-21. (a) Serum IL-4 and IL-21 were measured by enzyme-linked immunosorbent assay
(ELISA).IL-4 and IL-21 levels of active ulcerative colitis (UC) patients (n = 34), stable remission UC patients (n = 34) and healthy controls (n = 34)
were compared. ***P < 0-001; **P < 0-01; n.s. = not significant. (b,c) Correlation analyses were conducted between ICOS* Tth, PD-1*Tth or ICOS*PD-
1*Tth cells and serum IL-4 (b)/IL-21 (c) levels. Data were from 68 UC patients. The r- and P-values for each parameter are listed. For P-values less

than 0-05, data are present as scatter-plots with linear fit.

UC, and significantly decreased when achieving clinical
remission from active stage. In these three Tth subsets,
activated ICOS*PD-1* Tth cells were significantly posi-
tively correlated with UC disease activity and serum
CRP. In addition, the Tth cell subsets were related to
B cell functional subsets and were positively correlated
with serum IgG, IL-4 and IL-21. This may be the under-
lying mechanism of ICOS*PD-1* Tth cells participating
in the UC disease activity. We also found that, regardless

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 202: 106-118

of whether or not used in combination with PD-1* Tth
cells, ICOS*PD-1" Tth cells show good efficacy in dis-
tinguishing active UC from stable remission UC patients.
Our results suggest that activated ICOS*PD-1* Tth cells
may play a key role in the pathogenesis of UC and
could be used as potential biomarkers for disease activ-
ity monitoring.

The B cell abnormality is involved in the pathogenesis
of UC, and exaggerated expansion of Tth and its subsets
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Fig. 7. Analysis of the value of follicular helper T cell(Tfh) subsets in
the diagnosis of active ulcerative colitis (UC). Programmed cell death
protein 1 (PD-1)* Tth cells, inducible co-stimulator (ICOS)* Tth cells,
ICOS*PD-1" Tth cells in 68 cases of UC patients were analyzed,
including 34 active UC patients and 34 cases of stable remission UC
patients. The receiver operating characteristic (ROC) curves were
performed to evaluate the efficacy of Tth subsets (or joint use) for
prediction of active UC patients (versus stable remission UC patients).
Area under the curve (AUC) calculated for ICOS*PD-1* Tth cells in
combination with PD-1* Tfh cells (black line) and ICOS*PD-1* Tth
cells alone (red line) are listed.

would result in excessive B cell proliferation and anti-
body production [12,34]. Previous studies have reported
the role of Tth cells in UC [17,34]. However, little is
known about the effect of activated Tth subset changes
in UC. ICOS and PD-1 are two key markers of activated
Tth cells, and the signal transmitted through ICOS is
one of the main signals of Tth differentiation [18-22].
In a mouse skin graft-versus-host disease (GVHD) model,
disease development was associated with CXCR5*PD-
1*ICOS* Tth cells [35]. In our study, we also found
significantly higher levels of ICOS*PD-1* Tth cells in
active UC patients. Their levels were significantly
decreased when achieving clinical remission after treat-
ment. Meanwhile, ICOS*PD-1* Tth cells showed positive
correlations with clinical indicators. These results sug-
gested that the expansion of Tth subsets may play a
pathogenic role in UC. However, the detailed mechanism
of ICOS*PD-1* Tth cells participating in the pathogenesis
of UC needs a great deal of work in future to be fully
elucidated. Our previous study also found that
CXCR3"CCR6~ Tth2 subsets were increased while
CXCR3"CCR6" Tth17 subsets were decreased in active
UC patients [9]. The differential expression of PD-1 and

Table 2. The efficacy of Tth subsets in distinguishing active UC from
stable remission UC patients

AUC Cut-off value (%) Sensitivity Specificity

ICOS*PD-1*" Tth  0-883 2:48 819 89-1

ICOS* Tth 0-722 3:43 71-3 62-9

PD-1* Tth 0-728 11-8 81-2 59-2

ICOS*PD-1*" Tth  0-931 2:-53"11-4 86-3 89-1
plus PD-1* Tth

ICOS*PD-1* Tth  0-826 2-60 * 3-38 81.7 84:2
plus ICOS* Tth

ICOS* Tth plus 0-832 351118 82:9 83.8
PD-1* Tth

AUC = area under the receiver operating characteristic (ROC) curve;
ICOS = inducible co-stimulator; PD-1 = programmed cell death protein
1; Tth = follicular helper T cells; UC = ulcerative colitis.

ICOS in Tth subsets should be clarified in future to
determine if the increase of PD1*ICOS* Tth cells is
driven by any of these subsets.

Previous studies found excessive functional B cell subsets
both in lesion tissue and peripheral blood of UC patients
[3,4]. Meanwhile, autoantibodies reactive to colonic epi-
thelial cells were also discovered in lesions and peripheral
blood of UC patients [8]. Based on previous studies, we
proposed a hypothesis that ICOS*PD-1* Tth cells exert
their effect on UC by boosting the differentiation of
activated B cells. We observed significantly higher levels
of new memory B cells and plasmablasts in active UC
patients, and ICOS*PD-1* Tth cells showed significant
positive correlations with these B cell subsets and serum
IgG levels. Conversely, IL-4 and IL-21 were two pivotal
cytokines secreted by activated Tth cells, which are essen-
tial for the differentiation and development of B cells
[31,32]. We observed elevated serum IL-4 and IL-21 con-
centrations in active UC patients. Besides, higher levels
of activated ICOS*PD-1* Tth cells may be a key factor
in the elevation of serum IL-4 and IL-21.Therefore, our
results suggest that increase of activated ICOS*PD-1* Tth
cells could participate in the activity of UC by way of
strengthening the function of B cells by secreting IL-4
and IL-21, thus exerting a pathogenic effect on active
UC. However, further in-depth research needs to be con-
ducted to clarify this hypothesis.

So far, determining the disease activity of UC is still
challenging, and the correlations between most clinical
indicators and mucosal inflammation are not strong
enough [36-38]. Serum CRP is an indicator commonly
used with moderate sensitivity and specificity [36]. The
Mayo score is the gold standard for evaluating the dis-
ease severity of UC, but mucosal inflammation through
endoscopy also needs to be evaluated, which is invasive
and costly [37,38]. In this study, we found that
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ICOS*PD-1* Tth cells showed better efficiency in dis-
tinguishing active UC from stable remission UC compared
with serum CRP, ICOS* Tth cells and PD-1* Tth cells.
Meanwhile, ICOS*PD-1* Tth cells combined with PD-1*
Tth cells have higher efficiency. Therefore, our results
indicate that activated ICOS'PD-1* Tth can be used as
a potential biomarker to distinguish active UC patients
from stable remission UC patients.

Conclusion

To conclude, activated ICOS*PD-1* Tth cells are involved
in the disease activity of UC, and the underlying mecha-
nisms may be via promoting the differentiation of func-
tional B cells caused by elevated serum IL-4 and IL-21.
In addition, activated ICOS*PD-1* Tth cells, together
or not with PD-1" Tth cells, are reliable biomarkers for
UC disease activity monitoring. Our research proposes
a new mechanism for activated ICOS*PD-1" Tth cells
to participate in UC, and provides reliable potential
biomarkers for UC monitoring, which put forward new
ideas for the pathogenesis and diagnosis of UC.
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