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Background: Follicular helper T (Tfh), follicular regulatory T (Tfr), and follicular cytotoxic T (Tfc) cells play important roles in 
autoimmune diseases. Nevertheless, their changes of functional phenotypes in ulcerative colitis (UC), most importantly, their changes 
in colon tissue as the target-organ, have not been explored.
Methods: DSS-colitis was induced in Balb/c mice and lymphocytes were collected from spleen, mesenteric lymph nodes, peripheral 
blood and colon. Tfh, Tfr, and Tfc cells were analyzed using flow cytometry based on their CD4+CXCR5+FOXP3-Tfh, CD4+CXCR5 
+FOXP3+Tfr and CD8+CXCR5+Tfc expressions. Various functional characterization markers including CD44, CD62L, TIGIT, 
CD226, PD-1, ICOS, Helios, CTLA-4 and Bcl6 were analyzed in the T cell subsets of the organs.
Results: Tfh and Tfr cells in the colon were significantly increased in DSS-colitis mice. Additionally, the proportions of Tfr and Tfc 
cells in the peripheral blood were also increased, while Tfc cell proportions in the colon were decreased. The proportion of naïve cells 
in the Tfh, Tfr and Tfc cells in the colon and peripheral blood decreased, while the proportion of effector memory T cells increased. 
The TIGIT+CD226-Tfh and Tfc cells were upregulated in the colon of DSS-colitis mice. The PD-1+, ICOS+ and PD-1+ICOS+ Tfh 
cells were increased in both the colonic and peripheral blood Tfh and Tfc of DSS-colitis mice. The Bcl6+ proportions in the Tfh and 
Tfr were increased in the colon of DSS-colitis mice.
Conclusion: The colonic and peripheral blood Tfh and Tfc cells of DSS-colitis mice have a significantly activated T cell phenotype, 
which may play a significant role in the pathogenesis of UC.
Keywords: DSS-induced colitis, follicular helper T cells, follicular regulatory T cells, follicular cytotoxic T cells, PD-1, ICOS

Introduction
Ulcerative colitis (UC) is a chronic inflammatory disease caused by a loss of immune homeostasis, which mainly affects 
the colon and rectum. Its mucosal pathology is characterized by infiltration of a large number of neutrophils and 
lymphocytes in gut-associated lymphoid tissue.1 UC is characterized by alternating periods of active and remission, 
with a long-term risk of developing colitis-related cancers.1–3 There are currently no reliable biomarkers for monitoring 
active UC.4 Understanding the immune mechanisms in the pathogenesis of UC is crucial for understanding the disease 
and exploring biomarkers for monitoring disease activity.

The expansion of activated B cells and the production of disease-causing antibodies are believed to contribute to the 
pathogenesis of UC.5–8 Autoantibodies secreted by functional B cells have been implicated in both the development and 
exacerbation of UC.5,6,9,10 Patients with UC have a high number of activated B cells present in the lamina propria and an 
elevated expression of IgG in affected tissue.11 Additionally, circulating plasma cells in UC patients are significantly 
elevated and positively correlated with their Mayo score.12 Our research demonstrated that active UC was associated 
with a significant increase in new memory B cells and plasmablasts, which positively correlated with the severity of the 
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disease.13 These findings suggest that abnormal immune activation through B cells plays a crucial role in both the 
pathogenesis and activity of UC.

The interactions between T and B cells play a critical role in transmitting signals that support the maturation and antibody 
production of B cells.14,15 Follicular helper T (Tfh) cells provide crucial signals that help to differentiate B cells into high- 
performing cells that produce isotype-specific antibodies.16–18 On the other hand, follicular regulatory T (Tfr) cells exert 
inhibitory effects on Tfh cells and germinal center B cells.17,19 An imbalance between Tfr and Tfh cells can cause diseases that 
result from abnormal B cell immunity.13,20,21 Tfh plays a pivotal role in advancing B cell recruitment and differentiation by 
secreting cytokines such as IL-4 and IL-21.15,22 Our research discovered that circulating Tfh cells were significantly increased 
in active UC, which was linked to the disease activity by stimulating B cell differentiation.13 The same mechanisms have been 
observed in the development of other autoimmune diseases.20,21,23 Follicular cytotoxic T (Tfc) cells, a subset of CD8+ T cells 
expressing CXC-chemokine receptor 5 (CXCR5), have been found in the vicinity of B cell follicles, which play a crucial role 
in treating malignant tumors derived from B cells.24 T cells can be categorized into naïve T cells, memory T cells, and other 
subsets, distinguished by their expression of CD44 and CD62L.24,25 Memory Tfh cells not only boost secondary responses to 
antigens upon rechallenge, but also travel to non-draining lymphoid tissues to differentiate into effector Tfh cells in response to 
systemic antigen or pathogen spread.26,27 Circulating CD62Llow memory Tfh cells are a valuable indicator for monitoring Tfh 
responses in autoimmune diseases, infection and vaccination.26,27

Several key transcription factors and surface marker molecules play a crucial role in differentiating various T cell 
subpopulations. Helios could strengthen the suppressor function of regulatory T cells by connecting to the FoxP3 
promoter.28 The absence of Helios in Tfr cells results in a failure to regulate Tfh responses, leading to increased germinal 
center development.29,30 CTLA-4, an inhibitory co-stimulatory molecule, enhances B cell responses when absent on Tfh cells, 
while the deletion of CTLA-4 on Tfr cells causes defective suppression of antigen-specific antibody responses.31 TIGIT could 
bind to CD155 and CD112 ligands, leading to increased IL-10 secretion and decreased IL-12 secretion.32,33 Increased TIGIT 
could improve the stability and suppressor function of Tregs.33,34 CD226 could enhance the cytotoxic function of natural killer 
cells,35 and is negatively correlated with the inhibitory function of Tregs.33,36 CD226 and TIGIT bind to the same cell surface 
ligands, CD155 and CD112.37 PD-1 is a potent inhibitory receptor and is highly expressed in germinal center and peripheral 
blood Tfh cells.38,39 High expression levels of PD-1 on Tfh cells are critical for B cell responses and antibody production.40 

ICOS is crucial for Tfh cells to support B cells.41 Deficiency of ICOS leads to severe depletion of memory B cells and 
completely prevents all antigen-specific IgG responses.42 Thus, the expression of ICOS and PD-1 is a hallmark of activated 
Tfh cells. Bcl-6, a key transcription factor of Tfh cells, could positively regulates Tfh cell differentiation.43 Additionally, Tfr 
cells expressing Foxp3 and Bcl-6 can suppress germinal center responses.44 In addition, Bcl6 can inhibit the expression of 
several microRNAs (miRNAs), which controls Tfh cell signaling by inhibiting the expression of CXCR5.45

To further understand the changes in T cell subsets during UC, the study utilized a mouse model of dextran sulfate 
sodium (DSS) -induced colitis to investigate changes in Tfh, Tfr, and Tfc subsets in peripheral immune organs such as 
the spleen, peripheral blood, and mesenteric lymph nodes, as well as the colon tissue. The study also explored changes in 
a range of functional T cell subsets in depth, aiming to gain a comprehensive understanding of the expression of T cell 
subsets in UC, which would provide insight into the immunological mechanism of UC.

Materials and Methods
Animal Model
In this study, 16 female BALB/c mice, 7 weeks of age, were obtained from Charles River Laboratories (Zhejiang, China) and 
housed in a specific pathogen-free environment with regulated temperature and humidity under a 12-hour light and 12-hour 
dark photoperiod. The mice were randomly divided into an experimental and a control group, each containing eight mice. The 
experimental group was induced to be with acute colitis by administering 3% DSS in their drinking water for 7 days. On the 
eighth day, the mice were supplied with water without DSS for two more days before being sacrificed. The colon tissue, 
peripheral blood, spleen, mesenteric lymph nodes and the entire colon were collected and preserved in ice-cold PBS within 
a maximum of 30 minutes. Part of the tissue with lesions was fixed in 4% paraformaldehyde and embedded in paraffin. The 
sections were stained with hematoxylin and eosin (H&E) to evaluate the degree of inflammation and epithelial injury under 
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a microscope. The results showed significant infiltration of inflammation and shortening of the colon, confirming the 
successful establishment of the colitis model. The animal experiments were approved by the Ethics Committee of Peking 
University People’s Hospital (approval number 2020PHE066). The mouse research was performed in accordance with the 
Laboratory Guidelines for Animal Use and Care.46

Mononuclear Cell Isolation
Lamina propria mononuclear cells (LPMCs) in the colon were isolated as follows. The intestine was removed from the 
mesenteric fat tissue and the Peyer’s patches were excised. The colon was then opened lengthwise and cut into 
approximately 1 cm sections, which were washed three times with ice-cold PBS. The intestine pieces were incubated 
with a pre-digestion solution containing Hanks’ balanced salt solution, EDTA, dithiothreitol, HEPES and fetal bovine 
serum at 37°C for 20 minutes while slowly rotating at 180 RPM. The intestine pieces were then vortexed and washed 
with ice-cold PBS three more times to remove the suspension of epithelial cells, villus cells, subepithelial cells and 
intraepithelial lymphocytes. The pieces were then incubated with a digestion solution containing collagenases and 
DNases at 37°C for 30 minutes under slow rotation at 180 RPM. After incubation, the cell solution was vortexed 
intensely for 20 seconds and passed through a 70-micron cell strainer. The suspension was subjected to Percoll gradient 
separation for 10 minutes at 500g. Peripheral blood was collected in heparin anticoagulant tubes, the spleen was obtained 
and ground into a cell suspension, and lymphocytes in peripheral blood and spleen cells were both isolated using Ficoll- 
Paque density gradient centrifugation. The mesenteric lymph nodes were ground into a cell suspension using a sieve.

Flow Cytometry
The isolated mononuclear cells were subjected to staining with specific monoclonal antibodies against various surface 
markers. The staining procedure was carried out as follows. The isolated cells were washed twice and then stained for 30 
minutes with antibodies, including anti-CD4-APC-Cy7, anti-CXCR5-PE-Cy7, anti-CTLA4-PerCP-Cy5.5, anti-CXCR5- 
Alexa647, anti-CD226-PE-Cy7, anti-TIGIT-PE, anti-CD8-PerCP-Cy5.5, anti-CXCR5-FITC, anti-CD44-PE-Cy7, anti-PD1- 
APC-Cy7, anti-ICOS-FITC and anti-CD62L-PE. The cells were then washed in PBS and subjected to intracellular staining 
using the FoxP3 staining Buffer Kit from eBioscience (San Diego, CA, USA). The staining process involved incubating the 
cells for 30 minutes with antibodies, including anti-FoxP3-Alexa488, anti-FoxP3-Alexa647, anti-Helios-PE and anti-Bcl6- 
Alexa647. The samples were then washed twice and analyzed using the FACSCanto and Diva software from BD Biosciences 
(San Jose, CA, USA). All the antibodies were procured from BioLegend (San Diego, CA, USA).

Statistical Analysis
The results of the two groups were compared using a Student’s t-test. The analysis was performed using Prism software 
(GraphPad Software 8.0, San Diego, CA), and p-values less than 0.05 were considered significant.

Results
The Proportions of Tfh and Tfr Cells in Colonic Lymphocytes Were Significantly 
Increased in the Mice with DSS-Induced Colitis
To better understand the changes in Tfh, Tfr and Tfc cells, the main T cell subpopulations in colon tissue and the periphery of 
UC patients, a DSS-induced ulcerative colitis mouse model was established according to the classical methods.45 We used HE 
staining to examine the colon tissues of DSS-induced colitis mice and found that they had significant inflammatory cell 
infiltration (Figure 1A). Further direct measurement of the colon length found that compared with healthy control mice, the 
colon length of DSS-induced colitis mice was significantly shortened, from about 10 cm to about 6 cm (Figure 1B and C). 
These results indicated that our establishment of a mouse model of UC was successful.

After the onset of the disease, the levels of these T cell subsets in the colon, peripheral blood, spleen, and mesenteric 
lymph nodes were compared. The results showed that the proportions of CD4+CXCR5+FoxP3+T cells (Tfr) and CD4 
+CXCR5+FoxP3-T cells (Tfh) in colon CD4+ lymphocytes significantly increased, but there were no significant changes 
in the spleen and mesenteric lymph nodes (Figure 2A and B). The proportion of Tfr in peripheral blood was significantly 
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elevated in the DSS-induced colitis mice, but the proportion of Tfh was not significantly changed (Figure 2B). The Tfr/ 
Tfh ratio was also significantly elevated in the DSS-induced colitis mice in both the colon and peripheral blood 
(Figure 2C). Additionally, the proportion of CD8+CXCR5+ Tfc cells in CD8+ T cells was decreased in peripheral 
blood but not significantly changed in the other three organs (Figure 2D).

There was a Decrease in the CD44lo/int CD62L+ Naïve Phenotype and an Increase in 
the CD62L- Effector Phenotype Within the Tfh, Tfr, and Tfc Cell Subsets in Mice with 
DSS-Induced Colitis
The expression of CD44 and CD62L in peripheral blood T cells allows for the classification of these cells into three 
subsets, including CD44low/intCD62L+ naïve T cells, CD44highCD62L+ memory T cells (or central memory T), and 
CD62L- effecter T cells. These subsets reflect different levels of T cell activation.25–27 In this study, we investigated the 
proportions of these subsets in Tfh, Tfr and Tfc cells of DSS-induced colitis mice (Figure 3). In the colon, we observed 
a significant decrease in the proportion of naïve T cells and a significant increase in the proportion of effecter T cells in all 
three cell subsets (Figure 3). Similarly, in peripheral blood, there was a decrease in the proportion of naïve T cells in Tfh, 
while an increase in effecter T cells was observed in Tfh cells only. No changes in the proportions of subpopulations were 
noted in Tfr cells. There were also no significant changes in T cell subsets in the spleen. In lymph nodes we found 
a significant increase in the proportion of naïve T cells and CD44highCD62L+ central memory T cells in Tfr, Tfh and Tfc 
in DSS-induced colitis mice (Figure 3).

TIGIT and CD226 Expressions were Significantly Altered on Colonic Tfh, Tfr and Tfc 
Cells of DSS-Induced Colitis Mice
Further investigation was carried out on T cell subsets divided by molecules with critical characterization roles in T cells, 
including Helios, CTLA-4, CD226 and TIGIT.28–37 Results showed that the proportion of Helios+ in Tfh and Tfr cells of 
DSS-induced colitis mice was not significantly increased in any of the four organs, as demonstrated in Figure S1A and C. 

Figure 1 Evaluation of the DSS-induced colitis in mice. Two groups of mice were studied, the DSS-induced colitis group and the control healthy group. The results of 
representative H&E staining (A), colon length measurement (in B representative pictures from two pairs of mice), and colon length (in C from 8 pairs) are presented. Colon 
length values represent the mean±SD and statistically significant results are denoted as ***p <0.001.
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Figure 2 Increased levels of CD4+CXCR5+FoxP3-Tfh cells, CD4+CXCR5+FoxP3+Tfr cells and Tfr/Tfh ratios in the colon of DSS-induced colitis mice. (A) Representative 
dot plots from flow cytometry results showing the definitions of Tfr cells, Tfh cells, and Tfc cells as CD4+CXCR5+FoxP3+T cells (Tfr), CD4+CXCR5+FoxP3-T cells (Tfh), 
and CD8+CXCR5+T cells (Tfc), respectively. Numbers indicate the percentage of Tfr cells and Tfh cells in CD4+ lymphocytes and the percentage of Tfc in CD8+ 
lymphocytes. (B) Comparison of the levels of CD4+CXCR5+FoxP3-Tfh cells and CD4+CXCR5+FoxP3+Tfr cells in the colon, mesenteric lymph nodes (MLNs), spleen and 
peripheral blood (PB) of DSS-induced colitis mice (n=8) and controls (n=8). (C) Comparison of Tfr/Tfh cell ratios in the colon, MLNs, spleen, and PB of DSS-induced colitis 
mice (n=8) and controls (n=8). (D) Comparison of the levels of CD8+CXCR5+Tfc cells in the colon, MLNs, spleen and PB of DSS-induced colitis mice (n=8) and controls 
(n=8). Symbols represent individual subjects and each subject was measured once in one independent experiment. Data are expressed as mean±SD. MLNs, mesenteric 
lymph nodes; PB, peripheral blood. *p < 0.05; ***p < 0.001.
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Figure 3 Comparison of Tfh, Tfr, and Tfc cells across Proliferative Stages. (A) Representative dot plots displaying the classification of Tfh, Tfr, and Tfc cells based on 
expressions of CD44 and CD62L in colon. Three phenotypes are identified, including CD44int/lowCD62L+naïve phenotype (a), CD44highCD62L+ memory phenotype 
(CM, b), and CD44high/int/lowCD62L-effective phenotype (EM, c+d). The percentages of each cell type are indicated. (B–D) Comparison of CD4+Tfr, CD4+Tfh, and CD8 
+Tfc across three subsets in the colon, MLNs, spleen, and PB between colitis-induced mice (n=8) and controls (n=8). Data are expressed as mean±SD, with symbols 
representing individual subjects. Statistical significance is indicated by *p<0.05, **p<0.01, and ***p<0.001.
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A significant increase in the proportion of CTLA-4+ in Tfh cells was found in the colon and peripheral blood of DSS- 
induced colitis mice, while the proportion of CTLA-4+ in peripheral blood Tfr was also significantly increased. However, 
no significant changes were detected in spleen and mesenteric lymph nodes, as illustrated in Figure S1B and D.

Based on CD226 and TIGIT, T cells can be sorted into CD226-TIGIT+, CD226+TIGIT+, CD226-TIGIT-, and 
CD226+TIGIT-subsets. Changes in the proportions of these four cell populations in Tfh, Tfr and Tfc between 
DSS-induced colitis mice and healthy control mice were examined and compared, as shown in Figure 4. Results 
showed that the proportions of CD226-TIGIT+, CD226+TIGIT+ and CD226+TIGIT- were increased in colon Tfh 
and Tfc of DSS-induced colitis mice, while the proportion of CD226-TIGIT- was decreased. In Tfr, the proportion 
of CD226+TIGIT+ was found to be increased, and the proportion of CD226-TIGIT- was decreased. Similar trends 
were observed in Tfh and Tfr cells in the spleen, but some subpopulations did not reach significant differences. 
The changes in total TIGIT+ and CD226+ percentages were also calculated and compared, and the results showed 
that TIGIT+ percentages were significantly increased in colon of Tfh, Tfr and Tfc of DSS-induced colitis mice. 
CD226+ percentages were all significantly increased in colon Tfh, Tfr and Tfc of DSS-induced colitis mice, as 
shown in Figure S2. Similar changes were exhibited in the spleen, but the differences were not significant in 
peripheral blood.

The Levels of PD-1+ and ICOS+ Tfh Cells as well as PD-1+ICOS+ Tfh Cells were 
Increased in Both Colon and Peripheral Blood Tfh and Tfc Cells of Mice with 
DSS-Induced Colitis
Additionally, we analyzed the expression of PD-1 and ICOS, two important functional molecules in Tfh and Tfr 
cells.16,17,38–42 The comparison of PD-1+ICOS+, PD-1+ICOS-, and PD-1-ICOS+ cell percentages in Tfh, Tfr, and 
Tfc cells between the DSS-induced colitis mice and control mice revealed that the proportion of PD1+ICOS+ and 
PD-1-ICOS+ cells in the colon Tfh and Tfr cells of DSS-induced colitis mice were significantly increased, while 
the proportions of PD-1+ICOS- cells in the colon Tfh and Tfr were significantly decreased (Figure 5). On the 
other hand, the percentage of PD-1-ICOS+ cells in Tfh in peripheral blood was significantly decreased, but the 
percentage of PD-1 +ICOS+ cells was increased and the percentage of PD-1+ICOS- cells did not change 
significantly (Figure 5). The analysis of PD-1 and ICOS in Tfc cells showed that the percentage of PD-1-ICOS 
+ and PD-1 +ICOS+ cells in colon and peripheral blood of DSS-induced colitis mice were significantly increased, 
while the percentage of PD-1 +ICOS- cells was increased in colon Tfc and decreased in peripheral blood Tfc 
(Figure 5C and F).

Furthermore, we analyzed and compared the total PD-1+ and total ICOS+ cell percentages. The results showed that 
both PD-1+ and ICOS+ percentages in colon and peripheral blood Tfh cells of DSS mice were significantly increased, 
and similar changes were found in Tfc cells of DSS mice (Figure S3). The PD-1+ percentages were increased in 
circulating Tfr cells of DSS-induced colitis mice, and ICOS+ percentages were increased in colon Tfr cells of DSS-colitis 
mice (Figure S3). Additionally, ICOS+ percentages in Tfr and Tfc of DSS-induced colitis mice were increased in 
mesenteric lymph nodes (Figure S3).

The Proportion of Bcl6-Positive Cells in Both Tfh and Tfr Was Found to Be Elevated 
in the Colon Tissue of Mice with DSS-Induced Colitis
Further analysis was conducted to examine the expression of the transcription factor Bcl6, which plays a crucial 
role in Tfh and Tfr cells. The Bcl6-positive cell percentages in Tfh and Tfr cells of mice with DSS-induced colitis 
were measured using flow cytometry.43,44 The results showed that the Bcl6-positive proportions in the colon of 
DSS mice were significantly increased in both Tfh and Tfr cells, Bcl6-positive percentages in circulating Tfh were 
increased but no significant difference was observed in the peripheral blood Tfr cells (Figure 6). Additionally, the 
Bcl6-positive proportions in Tfr and Tfh cells were also significantly increased in the mesenteric lymph nodes of 
DSS mice (Figure 6).
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Figure 4 Comparison of CD226 and TIGIT Expressions on Tfh, Tfr and Tfc Cells. (A–C) Representative dot plots showing the expression of CD226 and TIGIT on Tfh in colon. 
The percentages of CD226+TIGIT-, CD226+TIGIT+, CD226-TIGIT- and CD226-TIGIT+ subsets in Tfh, Tfr and Tfc cells are indicated. (D–F) Comparison of the percentages of 
four subsets classified by CD226 and TIGIT in the colon, MLNs, spleen and PB between colitis-induced mice (n=8) and controls (n=8). Data are expressed as mean±SD, with 
symbols representing individual subjects. Statistical significance is indicated by *p<0.05, **p<0.01, and ***p<0.001.
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Figure 5 Flow cytometry analysis of functional subset levels of Tfh, Tfr and Tfc classified by PD-1 and ICOS expressions in DSS-induced colitis mice. (A–C) Dot plots 
displaying the expression of ICOS and PD-1 in Tfh cells (A), Tfr cells (B) and Tfc cells (C). The numbers indicate the percentages of ICOS+PD-1-, ICOS+PD-1+ and ICOS- 
PD-1+ subsets in each cell population. (D–F) Comparison of the ICOS+PD-1-, ICOS+PD-1+, and ICOS-PD-1+ subsets in Tfh cells (D), Tfr cells (E) and Tfc cells (F) in the 
colon, mesenteric lymph nodes (MLNs), spleen and peripheral blood between DSS-induced colitis mice (n=8) and controls (n=8). Each symbol represents an individual 
subject and each subject was measured once in a separate experiment. Data are presented as mean±SD. Statistical significance is indicated by *(p < 0.05), **(p < 0.01), and 
***(p < 0.001).
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Discussion
In the present study, we conducted a systematic investigation of the changes in levels of functional T cell subsets, 
including Tfh, Tfr, and Tfc, in various tissues of mice with colitis induced by DSS. To distinguish the changes in these 
T cell subsets, we selected key marker molecules. Our findings show that the proportions of Tfh and Tfr cells in the 
colonic T cells of DSS-colitis mice were significantly increased, as were those of Tfr cells in the peripheral blood. The 
proportion of naïve cells in the colon and peripheral blood Tfh cells of DSS-colitis mice decreased, while the number of 
effector memory T cells increased. TIGIT+CD226-Tfh and Tfc cells were upregulated in the colon of DSS-colitis mice, 
and PD-1+, ICOS+, and PD-1+ICOS+ Tfh cells all increased in both the colon and peripheral blood Tfh and Tfc cells of 
DSS-colitis mice. The proportion of Bcl6+ in both Tfh and Tfr was also increased in the colon of DSS-colitis mice. 
These results suggest that DSS-colitis mice have a pronounced activation of T cell phenotype in their colon and 
peripheral blood Tfh and Tfc cells, which may play a crucial role in the pathogenesis of UC.

The role of TFH in the pathogenesis of UC has attracted more and more attention. The study by Zhang, et al found that IRF8- 
regulated TFH can function as a B-cell-independent pathogenic mediator in colitis, suggesting that targeted TFH may be effective 
in the treatment of IBD.47 However, so far, there is still a lack of in-depth research on TFH and TFR-related subsets in the colon in 
the pathogenesis of UC, resulting in a lack of panoramic understanding of the imbalance between TFH and TFR-related subsets in 
organs such as the colon. Although some previous studies have reported changes in TFH and TFR in the peripheral blood of UC 
patients,13 the situation in peripheral blood can only reflect the changes in the cell subsets in the colon to a certain extent, and the 
changes in the subsets of TFH and TFR in the colon are still unclear, which is the main focus of this study. In addition, we further 
investigated the situation of Tfc in vivo.

Figure 6 Bcl-6+ Tfh cell levels in the colon of DSS-induced colitis mice are significantly higher than in control mice. (A) Gating strategies to determine the levels of Bcl-6 
expression in CD4+CXCR5+FoxP3-Tfh cells and CD4+CXCR5+FoxP3+Tfr cells in the colon of DSS-induced colitis mice and controls. (B) Comparison of the levels of 
CD4+CXCR5+FoxP3-Bcl-6+Tfh cells and CD4+CXCR5+FoxP3+Bcl-6+Tfr cells in the colon, mesenteric lymph nodes (MLNs), spleen and peripheral blood between DSS- 
induced colitis mice (n=8) and controls (n=8). Each symbol represents an individual subject, and each subject was measured once in a separate experiment. Data are 
presented as mean±SD. Statistical significance is indicated by *(p < 0.05) and ***(p < 0.001).
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According to our results, the proportions of Tfh and Tfr in the colonic CD4+ lymphocytes of DSS-colitis mice were 
significantly increased, indicating significant changes in the T cell subsets in the colon. The upregulation of CXCR5, an 
important chemokine receptor, was found to play a role in these changes, as it allows T cells to migrate to the lymph nodes and 
the B cell zones.48 Despite these changes, there were no significant alterations observed in the peripheral T cells of the spleen 
and mesenteric lymph nodes, suggesting that the changes were more pronounced at the site of UC. The proportion of Tfr in 
peripheral blood of DSS-colitis mice was elevated, but there was no significant change in the proportion of Tfh. In contrast to 
these results, studies in UC patients have shown down-regulated Tfr cells and elevated Tfh in active UC patients.13 The reason 
for this discrepancy may be attributed to limitations in the mouse model and the selection of cell marker molecules. The Tfr/ 
Tfh ratio was elevated in both the colon and peripheral blood of DSS-colitis mice, but changes in the immune balance cannot 
be solely determined by the ratio changes and should be reflected by changes in related functional subsets. Tfc cells within 
germinal centers are thought to expand during late progression of autoimmune diseases, and CD8 Tfc cells are transcription-
ally and phenotypically similar to CD4 T follicular helper (Tfh) cells in multiple models of spontaneous autoantibody- 
mediated diseases.49 The level of Tfc did not change in the colon, but showed a downward trend in peripheral blood, indicating 
that further analysis of its functional subset composition is needed to understand its role.

We used CD44 and CD62L to detect changes in the proportion of naïve, memory and effector cells in T cell subsets, 
and our results showed a decrease in naïve cells and an increase in effector cells in T cell subsets in colon. This suggests 
that colonic T cells play an important role in the activation and progression of UC. Additionally, we found that the ratio 
of Helios+ did not change significantly, but the proportion of CTLA-4+ cells was found to be increased in colonic Tfh 
cells and in Tfr cells in both the colon and peripheral blood. The loss of CTLA-4 on Tfh cells leads to heightened B cell 
responses, whereas the deletion of CTLA-4 on Tfr cells weakens the suppression of antigen-specific antibody 
responses.31 These changes in CTLA-4 levels suggest that the function of colonic Tfh cells has been weakened and 
the function of Tfr cells has been relatively enhanced. These results suggested CTLA-4 are implicated in regulating 
humoral immunity thus participate in pathogenesis of UC.

We further found that the proportion of TIGIT+CD226- in colonic Tfh, Tfr and Tfc was significantly increased, with the 
proportion of TIGIT+ cells being higher in colonic Tfr and Tfc in DSS-colitis mice. TIGIT expression in Tfh cells has been 
shown to enhance B-cell help functions,50 while TIGIT plays an important role in Treg suppression of Th1 and Th17 cells.51 

These results suggest that the functions of Tfh and Tfr have been strengthened. CD226 signals could promote the early phase 
of Tfh cell differentiation in humans.52 CD226 is predominantly expressed on Tregs, has a crucial role in diminishing Treg 
function.53 CD226-TIGIT+Treg cells are upregulated in patients with chronic hepatitis B and play a role in suppressing 
antiviral immunity.54 CD226+ Tfr cells have also been reported to be involved in microscopic polyangiitis, primary anti- 
phospholipid syndrome patients and rheumatoid arthritis.55–57 The role of CD226 in Tfc is still not clear. We observed an 
upregulation of CD226+ percentages in Tfh, Tfr and Tfc cells. The consistent trend of changes in TIGIT and CD226 on Tfh 
cell suggest that the functions of Tfh and Tfr have been strengthened. The interpretation of CD226 changes in Tfr and Tfc 
needs to be completed on the premise of further improving its related functions in the future.

We found that PD-1+ICOS+ proportions in the colon and peripheral blood Tfh, Tfr and Tfc of DSS-colitis mice were 
significantly increased. Meanwhile, the ICOS+ percentages were significantly upregulated in both colon and peripheral blood 
Tfh and Tfc. The expression of ICOS and PD-1 reflects the activation of Tfh cells, which play a crucial role in supporting 
B cell differentiation and antibody production.39–44 These results indicate the functional activation state of Tfh and Tfc in UC. 
Increased Bcl6+ proportions were observed in both Tfh and Tfr cells in the colon of mice with ulcerative colitis (UC). As 
a crucial transcription factor in Tfh cells, Bcl-6 is known to enhance the functions of Tfh and Tfr cells.43,44 Expression of Bcl-6 
mRNA was reported to be upregulated in UC patients compared with that in healthy controls.58 This increase in Bcl6+ 
expression was only observed in the colon and similarly in the mesenteric lymph nodes, but not in peripheral spleen or blood, 
indicating a localized effect. The results suggest that the functions of colonic Tfh and Tfr cells were enhanced.

Our study has several limitations that must be acknowledged. Firstly, we utilized a mouse model to observe alterations in 
T cell subsets in the colon, draining lymph nodes, and spleen, as it is not ethical to obtain colon, mesenteric lymph node, and 
spleen tissues from UC patients. However, it is important to note that the mouse model may not fully replicate the human 
condition because of species differences. Additionally, we did not conduct in vitro functional assays. Although we had the 
opportunity to use mesenteric lymph node and spleen Tfh and Tfr cells for functional assays, T cell subsets in these tissues did 
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not undergo significant changes. Hence, further functional tests were deemed unnecessary. Isolating sufficient numbers of 
colonic Tfh, Tfr and Tfc cells for in vitro experiments was challenging. We were able to partially achieve our goal by 
measuring a series of function-related markers to reflect the functional changes of these cells. We have not yet delved deeply 
into the specific mechanisms behind the alterations of these T cell subsets. Our focus so far has been on identifying the changes 
in these subsets during UC, and future studies will aim to uncover the specific mechanisms behind these changes.

Conclusion
To sum up, the presence of activated T follicular helper (TFH) and T follicular regulatory (TFC) cells in both the colon 
and peripheral blood of individuals with ulcerative colitis (UC) suggests a crucial role in the disease’s development. 
These T lymphocyte cells are known to be involved in the immune system’s response to various stimuli. Their activation 
in UC patients indicates an ongoing inflammatory process, contributing to the disease’s chronic nature. Further research 
is needed to fully understand the role of TFH and TFC cells in UC, but these findings highlight the significance of the 
immune system in UC’s pathogenesis and suggest potential targets for new treatments.
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