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Background: Crohn’s disease (CD) is a chronic inflammatory bowel disease with significant morbidity, 
affecting millions worldwide. The intricacies of immune responses in CD, especially post-treatment, remain 
a vital area of exploration. While memory T (Tm)-cell subsets play a pivotal role in adaptive immunity, their 
specific function in patients with CD after treatment is not well-understood. This study aims to investigate 
the effect and function of Tm-cell subsets in these patients, addressing a crucial knowledge gap in the context 
of CD therapeutics.
Methods: A total of eight patients diagnosed with CD were selected based on predefined inclusion criteria. 
All patients were treated with either anti-inflammatory agents, immunosuppressive drugs, or a combination 
of both. For comparison, healthy donors were enrolled based on exclusion of autoimmune or inflammatory 
diseases. Peripheral blood mononuclear cells (PBMCs) and lymphocytes were isolated from blood and lymph 
node tissue respectively. The phenotype and cytokine production of T lymphocytes from both CD patients 
and healthy donors were analyzed using flow cytometry. Statistical comparisons of the outcomes between 
CD patients and healthy donors were made using Mann-Whitney test (two-tailed) and Student t-test.
Results: Post-treatment CD patients exhibited an altered T cell distribution with a notable increase in 
CD8+ T cells in PBMCs (P=0.0005), and altered frequencies of CD4+ and CD8+ T cells in mesenteric lymph 
nodes (MLNs). Tm cells showed decreased interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) 
production, with significant alterations in the frequency of IFN-γ-producing CD8+ stem cell-like Tm (Tscm) 
cells in lesions of the MLNs from patients with CD (CD-M-Lys) compared to healthy MLNs from patients 
with CD (N-M-Lys) (P=0.0152). Differences in tissue-resident Tm (Trm)-cell subset frequencies were 
observed between the MLNs and small intestinal mucosa in CD patients.
Conclusions: The treatments with anti-inflammatory agents and/or immunosuppressive drugs have 
a significant effect on the frequency and function of Tm-cell subsets. Clinically, these findings suggest a 
potential therapeutic avenue in modulating Tm-cell responses, which might be particularly beneficial for 
conditions where immune response modulation is crucial. Further clinical studies are warranted to explore 
the full therapeutic implications of these findings.
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Introduction

Crohn’s disease (CD) is characterized by chronic, uncontrolled 
inflammation of the intestinal mucosa (1,2). The pathology 
of intestinal inflammation is mainly induced by an 
abnormal CD4+ T-cell response. Studies have demonstrated 
compromised tolerance of intestinal bacteria, which 
results in a dysregulated mucosal immune response (3,4). 
Naïve T cells are activated by bacterial antigens presented 
by antigen-presenting cells (APCs) and proliferate and 
differentiate into effector T cells. Effector T cells can be 
subdivided into functional subsets based on the expression 
of characterized cytokines. T helper (Th)1 cells produce 
interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), 
and interleukin (IL)-12 to eradicate intracellular pathogens. 
Bacterial signals have been shown to induce a strong Th1 cell 
response in the lamina propria of germ-free mice (5,6). Th1 
cytokines also stimulate innate cells to produce the cytokines 
IL-6, transforming growth factor-β (TGF-β), and IL-23, 
which in turn promotes the development of Th17 cells 
that produce the IL-17 family cytokines, such as IL-17A  
and IL-17F (7,8). Upregulated IFN-γ and IL-17 have been 

implicated in potentiating the pathogenesis of CD. The 
intractability and persistence of CD may be related to the 
persistence of colitogenic memory CD4+ T cells.

Memory T (Tm) cells mediate long-lasting protective 
immune responses. Historically, circulating Tm cells were 
known to be subdivided based on beta7 integrin expression, 
with the beta7+ population containing cells primed in 
the intestine, capable of homing back to the gut. Such 
cells, especially the beta7hi subset, displayed an increased 
propensity for cytokine production, and variations in their 
expression and function were implicated in the pathogenesis 
of CD (9). Building on this foundational understanding, 
recent studies have provided a more refined classification 
of Tm cells. They can now be categorized into central Tm 
(Tcm) cells, effector Tm (Tem) cells, stem cell-like Tm 
(Tscm) cells, and tissue-resident Tm (Trm) cells based on 
their cell surface markers and function (10-13). Tscm and 
Trm cells are newly discovered T-cell subsets. In tumor 
microenvironment of gastric cancer, tumor flora was 
significantly correlated with CD8+ Trm depletion (14). The 
role of Tscm cells in mucosal immunity is limited. CD8+ 
Trm cells have been identified in the small intestinal mucosa 
tissue and play an important defense role in mucosal tissue. 
They have local adaptive immune surveillance function. A 
targeted adaptive immune response can be initiated rapidly 
when the antigen is re-exposed. They are also a targetable 
hallmark after immune checkpoint therapy (15,16). Studies 
have demonstrated that actively circulating colitogenic 
CD4+ Tem cells play a key role in the maintenance of 
colitis (14-17), and suppressing the function of these cells 
constitutes a feasible treatment for CD. Study has detected 
the T-cell subsets differences between healthy people 
and CD patients (18). In CD patients, the characters of 
CD103+CD69+CD8+ T cells in lamina propria are similar 
to classical Trm cell. Meanwhile, CD103+CD69+CD8+ T 
cells in intraepithelial have innate-like cytotoxic profile (19). 
Amphiregulin secreted by Th17 could induce intestinal 
fibrosis (20). Further, mucosal and peripheral blood immune 
cell phenotypes could indicate the treatment efficiency 
of Vedolizumab. However, the T-cell subsets profile after 

Highlight box

Key findings
• Treatments with anti-inflammatory agents and/or immunosuppressive 

drugs affect the frequency and function of memory T (Tm)-cell 
subsets.

What is known and what is new?
• Inhibiting circulating colitogenic CD4+ effector Tm cells is 

widely used in the clinic to treat Crohn’s disease (CD) and inhibit 
intestinal inflammation.

• The frequencies and functions of Tm-cell subsets in the mucosal 
immune system from patients with CD are changed after 
treatment.

What is the implication, and what should change now?
• A better understanding of the effect of anti-inflammatory agents 

and/or immunosuppressive drugs on Tm cells will offer new 
strategies for the treatment of human CD.

Keywords: Crohn’s disease (CD); memory T cells (Tm cells); interferon-γ (IFN-γ); interleukin-17 (IL-17); tumor 

necrosis factor-α (TNF-α); case series

Received: 05 March 2023; Accepted: 16 January 2024; Published online: 04 February 2024.

doi: 10.21037/tgh-23-21

View this article at: https://dx.doi.org/10.21037/tgh-23-21



Translational Gastroenterology and Hepatology, 2024 Page 3 of 15

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2024;9:18 | https://dx.doi.org/10.21037/tgh-23-21

standard treatment has not been reported yet.
Currently, this strategy is widely used in the clinic to 

treat CD and inhibit intestinal inflammation in different 
ways. The administration of nonsteroidal anti-inflammatory 
agents (e.g., sulfasalazine enteric-coated tablets and slow-
release mesalazine) can block the synthesis of prostaglandins 
by inhibiting cyclooxygenase. Corticosteroid anti-
inflammatory agents (e.g., methylprednisolone tablets) 
inhibit the production of pro-inflammatory cytokines 
and decrease the number of circulating lymphocytes. 
Immunosuppressive agents, such as thiopurines, inhibit 
T-lymphocyte proliferation. However, a systematic 
analysis of how these different types of drugs affect the 
compartmentalization of Tm-cell subsets, especially Tscm 
and Trm cells in distinct anatomical sites, has not been 
conducted.

In this study, we focused on the frequencies and 
functions of different subsets of Tm cells from the 
mesenteric lymph nodes (MLNs), peripheral blood, and 
small intestinal mucosa of patients with CD after treatment. 
Observing a higher fraction of CD4+ Tscm cells in the 
MLNs from treated CD patients compared to healthy 
donors indicates potential implications for treatment 
response. Notably, a substantial number of Trm cells were 
found in the small intestinal mucosa, with CD8+ Trm 
cells outnumbering CD4+ Trm cells in both the MLN 
and small intestinal mucosa of CD patients. Additionally, 
the observed decrease in IFN-γ and TNF-α production 
in the Tm cells from treated CD patient’s blood, and the 
increased IFN-γ production in CD8+ Tscm cells suggests 
nuanced immunological shifts post-treatment. A deeper 
understanding of how drugs affect human Tm-cell subsets 
in CD patients can guide more personalized therapeutic 
strategies, optimize treatment outcomes, and reduce 
potential side effects. This knowledge is paramount to 
elevating the standard of care in managing CD. We present 
this article in accordance with the STROBE and AME 
Case Series reporting checklists (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-23-21/rc).

Methods

Study participants

This was a case-control study. A total of eight CD 
patients from The First Affiliated Hospital of Sun Yat-sen 
University were recruited for the study. Patients infected 
with human immunodeficiency virus (HIV), hepatitis B 

virus (HBV), or hepatitis C virus (HCV) were excluded 
from the study. The eight patients had been diagnosed 
with CD and treated with anti-inflammatory agents and/or 
the immunosuppressive drugs sulfasalazine enteric-coated 
tablets, methylprednisolone tablets, slow-release mesalazine, 
and azathioprine tablets. Three donated peripheral blood 
samples were recruited for this study. Healthy and diseased 
MLNs as well as small intestinal mucosa samples were taken 
from the 6 patients with CD. The patients who participated 
in this study did not exhibit any other sign of inflammation. 
These patients were all male, with ages ranging from 14 
to 33 years. The 6 healthy donors who were recruited for 
peripheral blood samples had ages ranging from 20 to  
40 years, and their peripheral blood samples were obtained 
from the clinical laboratory department of The First 
Affiliated Hospital, Sun Yat-sen University. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). This study was approved by the Ethics 
Committees of the Zhongshan School of Medicine, Sun 
Yat-sen University (No. 20220120). Written informed 
consent was obtained from all patients/legal guardians and 
healthy donors.

Preparation of peripheral blood mononuclear cells 
(PBMCs), lamina propria cells, and lymphocytes

PBMCs were isolated by Ficoll-Hypaque (cat. LTS1077; 
Tianjin Hao Yang Biological Manufacture Co., Ltd., 
Tianjin, China); gradient centrifugation of sodium heparin-
treated blood obtained from healthy donors or patients 
with CD. To isolate lamina propria T cells in this study, 
we adopted previously published methods (21). In general, 
biopsy specimens that were cut into 1–2 mm3 pieces were 
incubated for 2 hours at 37 ℃ in Hank’s balanced salt 
solution (HBSS) containing 1 mmol/L CaCl2, 1 mmol/L  
MgCl2, 1,000 U/mL collagenase IV, and 10 mg/mL 
DNase I (Sigma-Aldrich, St. Louis, MO, USA). The 
cells were resuspended in complete RPMI 1640 medium 
(cat. 11875093; Invitrogen, Thermo Fisher Scientific, 
Waltham, MA, USA) supplemented with 10% heat-
inactivated fetal calf serum (Hangzhou Si Ji Qing Biological 
Manufacture Co., Ltd., Hangzhou, China), 100 U/mL off 
penicillin (cat. 15071163), 100 mg/mL of streptomycin 
(cat. 15071163), 2 mM of L-glutamine (cat. 25030081), 
and 50 mM of 2-mercaptoethanol (cat. 21985023; 
Invitrogen). Lymphocytes were isolated by homogenizing 
the lymph node tissue, and erythrocytes were lysed using an 

https://tgh.amegroups.com/article/view/10.21037/tgh-23-21/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-23-21/rc


Translational Gastroenterology and Hepatology, 2024Page 4 of 15

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2024;9:18 | https://dx.doi.org/10.21037/tgh-23-21

ammonium chloride solution and resuspended in complete 
RPMI 1640 medium.

Flow cytometry analysis

Phenotypic characterization
T lymphocytes from the patients with CP were stained for 
flow cytometry. The following panel of mouse anti-human 
monoclonal antibodies (mAbs) used were all purchased 
from BD Biosciences (Franklin Lakes, NJ, USA) or 
eBioscience (San Diego, CA, USA): anti-human CD3-APC.
Cy7 (cat. 557832, SK7; BD Biosciences), anti-human CD4-
Percp.Cy5.5 (cat. 560650, RPA-T4; BD Biosciences), anti-
human CD8-Alexa Fluor 700 (cat. 56-0088-42, RPA-T8; 
eBioscience), anti-human CCR7-PE.eFluor610 (cat. 61-
1979-42, 3D12; eBioscience), anti-human CD62L-APC 
(cat. 17-0629-42, DREG56; eBioscience), anti-human 
CD45RO-FITC (11-0457-42, UCHL1; eBioscience), anti-
human CD95-PE.Cy7 (cat. 561633, DX2; BD Biosciences), 
anti-human CD103-APC (cat. 17-1037-41, Ber-ACT8; 
eBioscience), and anti-human CD122-PE (cat. 554525; 
BD Biosciences). Cellular data were obtained from a BD 
LSRFortessa analytical flow cytometer. Unstained and 
single fluorochrome-stained cells served as controls for 
accurate compensation and data analysis. Cells in each 
sample were counted, and the data were analyzed with 
FlowJo version 10 (FlowJo, Ashland, OR, USA).

Intracellular staining
The T lymphocytes were incubated in 24-well plates at 
2×106 cells per well in RP10 media [RPMI, 10% heat-
inactivated fetal bovine serum (FBS)] alone or with 
phorbol 12-myristate13-acetate (PMA; 20 ng/mL final 
concentration) plus ionomycin (1 µg/mL) for 4 to 6 hours  
at 37 ℃ in the presence of brefeldin A (BFA; 10 µg/mL).  
The cells were harvested, washed with phosphate buffer 
saline (PBS), stained for the surface phenotypic markers, 
and fixed for 8 min at room temperature with 4% 
paraformaldehyde (PFA; Sigma-Aldrich). The cells were then 
permeabilized (0.01% saponin) overnight in the dark at 4 ℃, 
and the intracellular cytokines were stained using anti-human 
IFN-γ-APC (cat. 554702; BD Biosciences), anti-human IL-
17A-V450 (cat. 560610, N49-653; BD Biosciences), and anti-
human TNF-α-APC (cat. 17-7349-82, MAb11; eBioscience). 
All samples were analyzed using a BD LSRFortessa 
instrument. The data were analyzed using FlowJo software. 
PMA (cat. 16561-29-8; PMA), ionomycin (cat. 10634), BFA 

(cat. B7651), bovine serum albumin, and NaN3 were all 
purchased from Sigma-Aldrich.

Statistical analysis

GraphPad Prism software version 5 (GraphPad Software 
Inc., San Diego, CA, USA) was used for statistical  
analysis (22). The Mann-Whitney test (two-tailed) and 
unpaired Student t-test were used to identify significant 
differences. A value of P≤0.05 indicated statistical significance.

Results

A distinct compartmentalization of T cells was found in 
CD patients

We analyzed T lymphocyte distribution in post-treatment 
CD patients across peripheral blood, MLNs, and intestinal 
mucosa. PBMCs from healthy donors (HD-PBMCs) 
displayed balanced CD4+ and CD8+ T cells frequencies 
(Figure 1A). Conversely, post-treatment CD patients had 
increased CD8+ and decreased CD4+ T cells in PBMCs 
(P=0.0065 and P=0.0069, respectively; Figure 1A). In MLNs, 
CD4+ T cells were predominant, with differences between 
CD patients and healthy controls evident (Figure 1A).  
CD4+ T cells also dominated the intestinal mucosa  
(Figure S1). In essence, CD patients post-treatment showed 
a notable CD4+/CD8+ shift in PBMCs and MLNs.

Post-treatment CD patient T cells, when stimulated 
with PMA and ionomycin, showed similar proportions 
of IL-17-producing CD4+ and CD8+ T cells in the blood 
and MLNs (Figure 1B,1C). CD4+ T cells in these patients 
had decreased IFN-γ and TNF-α production in blood 
compared to healthy donors, especially evident for TNF-α 
in lesions of the MLNs from patients with CD (CD-M-Lys) 
(Figure 1C). Both IL-17 and TNF-α production in CD4+ 
and CD8+ T cells were comparable in CD patient blood 
and MLNs, though CD8+ T cells showed higher IFN-γ 
expression (Figure 1D). Interestingly, in HD-PBMCs, IFN-
γ-expressing CD8+ T cells were predominant over CD4+ 
counterparts (Figure 1D). Overall, post-treatment CD 
patients demonstrated reduced CD4+ T cell frequency and 
Th1 cytokine production relative to healthy individuals.

Tm cells show altered cytokine production in post-
treatment CD patients

Tm cells, identified as CD45RA− and CD45RO+, can 

https://cdn.amegroups.cn/static/public/TGH-23-21-Supplementary.pdf
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produce cytokines quickly upon recognizing a familiar 
antigen (23). Colitogenic memory CD4+ T cells, circulating 
throughout the body, are reactivated by antigen-
presenting DCs in MLNs, contributing to chronic colitis. 
Immunosuppressants, like FTY720, have been shown 
to disrupt this process (18). Investigating the impact of 
immunosuppressive drugs on Tm cells in CD patients, we 
found reduced percentages of CD4+ Tm (27%) and CD8+ 
Tm (18%) cells in CD-M-Lys compared to healthy MLNs 
from patients with CD (N-M-Lys) (Figure 2A). Both healthy 
and lesioned small intestinal mucosa had similar CD4+ Tm 
proportions, but more CD8+ Tm cells (Figure S2). Notably, 
CD-PBMCs had fewer IFN-γ and TNF-α producing CD4+ 
and CD8+ Tm cells than HD-PBMCs (Figure 2B,2C). The 
IL-17 production from CD4+ T cells in the blood and 
MLNs of CD patients was consistent (Figure 2C). While 
IFN-γ-expressing CD8+ Tm cells predominated in the 
blood and MLNs, the blood contained significantly more 
IL-17-expressing CD4+ Tm cells than its CD8+ counterpart 
(Figure 2D). In summary, post-treatment CD patient blood 
exhibited diminished IFN-γ and TNF-α output from  
Tm cells.

The expression of IFN-γ in Tscm cells differed in the blood 
and MLNs of patients with CD after treatment

Tscm cells, present in the blood and lymph nodes of 
healthy individuals, carry markers of naïve T cells like 
CD45RA+ and also memory-associated markers CD95 and 
CD122 (11,24,25). These cells contribute to homeostatic 
proliferation and Tm cell survival, responding to IL-15 
and IL-7. Notably, naïve-like CD4+/CD8+ T cells with 
CD95+CD122+ phenotype also exhibit the stem cell-like 
marker Bcl-2. Analyzing the Tscm cell proportions in 
CD patients’ peripheral blood and MLNs, we observed a 
decreased fraction (around 3%) post-treatment (Figure 3A). 
A higher percentage of both CD4+ and CD8+ Tscm cells was 
detected in CD-M-Lys compared to N-M-Lys (Figure 3A). 
After stimulation with PMA plus ionomycin, fewer CD4+/
CD8+ Tscm cells in CD-PBMCs produced IFN-γ and 
TNF-α than in HD-PBMCs (Figure 3B,3C). Interestingly, 
no IL-17 production by CD4+ Tscm cells was seen in 
post-treatment CD patient blood. However, a significant 
elevation of IFN-γ-secreting CD8+ Tscm cells was noticed 
in CD-M-Lys (Figure 3B-3D). In summary, post-treatment 

Figure 1 The frequencies and cytokine production of T cells from patients with CD after treatment. (A) PBMCs and lymphocytes were 
isolated from peripheral blood and resected MLN specimens in patients with CD, respectively, and were analyzed by flow cytometry. The 
frequencies of CD3+CD4+ T cells and CD3+CD8+ T cells in the blood and lymph nodes of patients with CD and healthy donors. **, P<0.01; 
***, P<0.001; unpaired Student t-test. (B) PBMCs and lymphocytes were stimulated for 4–6 hours with PMA + ionomycin, and cytokine 
production was assessed by ICS. Representative ICS analysis of IFN-γ, IL-17, and TNF-α produced by CD3+CD4+ T cells and CD3+CD8+ 
T cells relative to their production in unstimulated controls. The numbers in the quadrants indicate the percentages of CD4+ T cells or 
CD8+ T cells producing cytokines. (C) The mean level of IFN-γ, IL-17, and TNF-α produced from CD4+ T cells and CD8+ T cells in 
PBMCs and lymph nodes from patients with CD and healthy donors. *, P<0.05; unpaired Student t-test. (D) Graphs showing the relative 
frequencies of the IFN-γ-, IL-17-, and TNF-α-producing CD4+ T cells and CD8+ T cells from patients with CD and healthy donors. *, 
P<0.05; unpaired Student t-test. HD-PBMCs, PBMCs from healthy donors; PBMCs, peripheral blood mononuclear cells; CD-PBMCs, 
PBMCs from patients with CD; CD, Crohn’s disease; N-M-Lys, healthy MLNs from patients with CD; MLNs, mesenteric lymph nodes; 
CD-M-Lys, lesions of the MLNs from patients with CD; SSC, side scatter; IFN-γ, interferon-γ; IL, interleukin; TNF-α, tumor necrosis 
factor-α; PMA, phorbol 12-myristate13-acetate; ICS, intracellular cytokine staining.
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Figure 2 IFN-γ and TNF-α production decreased in Tm cells from the blood of patients with CD treatment. (A) The frequencies of CD4+ 
Tm and CD8+ Tm cells in PBMCs and MLNs from patients with CD with treatment. (B) CD4+ Tm and CD8+ Tm cells in PBMCs and 
MLNs from patients with CD and healthy donors were stimulated for 4–6 hours with PMA + ionomycin, and cytokine production was 
assessed by ICS. Representative ICS analysis of IFN-γ, IL-17, and TNF-α produced by Tm cells relative to their production by unstimulated 
controls. (C) IFN-γ, IL-17, and TNF-α expression by CD4+ Tm and CD8+ Tm cells in the blood and MLNs of patients with CD and 
healthy donors. *, P<0.05; Mann-Whitney test (two-tailed) and unpaired Student t-test. (D) The mean frequencies of IFN-γ-, IL-17-, and 
TNF-α-expressing CD4+ Tm and CD8+ Tm cells in blood and MLNs from patients with CD and healthy donors. Tm, memory T; HD-
PBMCs, PBMCs from healthy donors; PBMCs, peripheral blood mononuclear cells; CD-PBMCs, PBMCs from patients with CD; CD, 
Crohn’s disease; N-M-Lys, healthy MLNs from patients with CD; MLNs, mesenteric lymph nodes; CD-M-Lys, lesions of the MLNs from 
patients with CD; SSC, side scatter; IFN-γ, interferon-γ; IL, interleukin; TNF-α, tumor necrosis factor-α; PMA, phorbol 12-myristate13-
acetate; ICS, intracellular cytokine staining.
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Figure 3 Tscm cells from the blood and MLNs of patients with CD with treatment showed distinct IFN-γ expression levels. (A) Flow 
cytometric analysis of PBMCs and lymphocytes from patients with CD; Tscm cells are defined as CD3+CD4+CD45RA+/CD45RO−

CCR7+CD62L+CD95+CD122+ or CD3+CD8+/CD4−CD45RA+/CD45RO−CCR7+CD62L+CD95+CD122+ cells. The frequencies of 
CD4+ Tscm and CD8+ Tscm cells in PBMCs and healthy MLNs and the lesions of MLNs from patients with CD with treatment.  
(B) Representative flow cytometric analysis of IFN-γ-, IL-17-, and TNF-α-producing CD4+ Tscm and CD8+ Tscm cells in PBMCs and 
MLNs from patients with CD and healthy donors. (C) The mean frequencies (± SEM) of IFN-γ-, IL-17-, and TNF-α-expressing CD4+ 
Tscm and CD8+ Tscm cells in the blood and MLNs. *, P<0.05; unpaired Student t-test. (D) Plot showing the frequencies of IFN-γ-, IL-17-,  
and TNF-α-secreting CD4+ Tscm and CD8+ Tscm cells in blood and MLNs from patients with CD and healthy donors expressed as the 
mean ± SEM. *, P<0.05; unpaired Student t-test. Tscm, stem cell-like memory T; HD-PBMCs, PBMCs from healthy donors; PBMCs, 
peripheral blood mononuclear cells; CD-PBMCs, PBMCs from patients with CD; CD, Crohn’s disease; N-M-Lys, healthy MLNs from 
patients with CD; MLNs, mesenteric lymph nodes; CD-M-Lys, lesions of the MLNs from patients with CD; SSC, side scatter; IFN-γ, 
interferon-γ; IL, interleukin; TNF-α, tumor necrosis factor-α; SEM, standard error of the mean.

CD4+ Tscm cell

CD8+ Tscm cell

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

HD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

CD-P
BM

C

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

N-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

CD-M
-L

ys

100

80

60

40

20

0

100

80

60

40

20

0

10

8

6

4

2

0

10

8

6

4

2

0

100

80

60

40

20

0

100

80

60

40

20

0

IF
N

-γ
 +

, %
IF

N
-γ

 +
, %

IL
-1

7 
+

, %
IL

-1
7 

+
, %

TN
F-

α  
+

, %
TN

F-
α  

+
, %

C

P=0.0377

*

P=0.0152

*

CD4
CD8

CD4
CD8

CD4
CD8

100

80

60

40

20

0

10

8

6

4

2

0

100

80

60

40

20

0

IF
N

-γ
+

, %

IL
-1

7 
+

, %
 

TN
F-

α  
+

, %

D

P=0.0103

*



Translational Gastroenterology and Hepatology, 2024Page 10 of 15

© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2024;9:18 | https://dx.doi.org/10.21037/tgh-23-21

CD patients showed reduced IFN-γ production in Tscm 
cells in the blood, with an increase in the lesions of MLNs.

The distinct frequencies of Trm-cell subsets in the MLNs and 
small intestinal mucosa of patients with CD after treatment

Trm cells, distinctly recognized by their absence in the 
blood but presence in non-lymphoid tissues like mucosal 
areas, play a pivotal role in local immune reactions. 
Their identification is largely facilitated by markers 
CD69 and CD103. While CD8+CD103+/-CD69+ Trm 
cells predominantly inhabit the epithelial layer, CD4+/
CD8+CD103+/-CD69+ counterparts are mainly found in 
the lamina propria. It is noteworthy that not all intestinal 
Trm cells exhibit CD103 (26,27). In our investigation 
of Trm cell compositions in CD patient intestines, we 
focused on CD69 and CD103 expressions in small 
intestinal mucosa and MLNs (Figure 4A). Notable findings 
include: Reduced frequencies of CD4+CD69+CD103+ and 
CD8+CD69+CD103+ Trm cells in N-M-Lys compared 
to healthy small intestinal mucosa from patients with 
CD (N-SIM) (Figure 4B). In lesions from the small 
intestinal mucosa from patients with CD (CD-SIM), 
CD8+CD69+CD103+ Trm cells outnumbered their CD4+ 
counterparts, a trend also observed in both N-M-Lys and 
CD-M-Lys (Figure 4B). CD4+CD69+ Trm cell frequencies 
were diminished in CD-SIM relative to CD-M-Lys  
(Figure 4C). Frequencies of CD8+CD103+ Trm cells in 
N-M-Lys were less than in N-SIM, a pattern also evident 
in CD patients (Figure 4D). Post-treatment, CD patients 
exhibited a more significant count of CD8+CD103+ Trm 
cells than CD4+CD103+ Trm cells, evident in both MLNs 
and small intestinal mucosa (Figure 4D). Conclusively, post-
treatment CD patients manifest unique Trm-cell subset 
frequencies in MLNs and the small intestinal mucosa.

Discussion

The systemic distribution of CD4+ T cells and CD8+ T cells 
depends on bacterial signals (2). The bacterial gradients 
in distinct sites from patients with CD differ, with a 
higher bacterial concentration in the small intestine than 
the blood. Antigen concentration significantly influences 
the strength of the immune response, critically affecting 
Tm cells’ formation. It’s worth noting that the beta7 
integrin expression has historically played a role in the 
differentiation of circulating Tm cells, especially those 
primed in the intestine. Hart et al. (9) emphasized that the 

beta7+ population was enriched for cytokine-producing 
effector cells, which aligns with our observations on the 
cytokine environment in the intestines of patients with CD. 
Antibiotic administration alters the intestinal microbial 
population, influencing immune system function (28,29). 
Whether anti-inflammatory drugs affect the characteristics 
of Tm-cell subsets in diseased tissues remains to be clarified. 
In our study, the compartmentalization and function of Tm 
cells in inflammatory bowel disease post-treatment were 
examined. The findings showed considerable fractions of 
CD4+ T cells in the intestinal mucosa and MLNs in treated 
CD patients. Interestingly, this aligns with Hart et al. who 
pointed out that beta7+ cells, primed in the intestine, could 
home back to the gut, reflecting the specialized mucosal 
compartment in which they were primed (9).

Patients with CD exhibit an aberrant immune response, 
characterized by abnormal T-cell activation and cytokine 
production responses to intestinal bacteria (26,27). Notably, 
while Hart et al. identified increased cytokine production 
in the beta7hi population compared to the beta7int 
population, suggesting a gradient of cytokine production 
based on beta7 integrin expression, our research adds 
depth to this understanding (9). Our study revealed that 
anti-inflammatory or immunosuppressive drugs did not 
influence the Tm cell frequency but suppressed certain 
cytokine productions in CD patients’ blood.

It’s crucial to understand the immune subsets of CD4+ T 
cells, like Th1, Th2, Th17, and regulatory T cells (Tregs), 
which have a significant role in modulating inflammatory 
bowel disease (30,31). The immune subsets of CD4+ T cells 
include several cell types, such as Th1, Th2, Th17, and Tregs. 
Tm cell exerts important effect in regulating anti-tumor 
responses in solid cancers (32). Mucosal macrophages prevent 
the interconversion of Th1 and Th17 cells, thus promoting 
Tregs differentiation (33). Th2 cells could secret IL-5, IL-6, 
and IL-13 to form inflammatory intestine environment (34).  
Tregs down-regulate Th1 and Th17 responses to inhibit 
colonic inflammation (35). Phosphoglycerate-kinase-1 
and/or aldolase-A blocking could treat CD via regulating 
the functions of Th17-cells (36). T cell responses are also 
regulated by selenium (37). Atorvastatin could shift the 
immune response from Th17 towards Th2 to improve the 
inflammatory reaction and clinic symptoms (38). The level 
of long non-coding RNA (lncRNA) ANRIL is negatively 
correlated with CD activity index, suggesting the potential 
therapeutic effect of lncRNA ANRIL (39).

The cause of pathology of CD is the persistence of local 
inflammatory molecules, which are mainly produced by 
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Figure 4 The frequencies of Trm-cell subsets in lymph nodes from patients with CD with treatment. (A) Flow cytometric analysis of CD69 
and/or CD103 expression on CD3+CD4+ Trm and CD3+CD8+ Trm cells from patients with CD; Trm cells and their subsets are defined as 
CD3+CD4+CD45RO+CD69+CD103+, CD3+CD8+CD45RO+CD69+CD103+, CD3+CD4+CD45RO+CD69+, CD3+CD8+CD45RO+CD69+, 
CD3+CD4+CD45RO+CD103+, or CD3+CD8+CD45RO+CD103+ cells. (B) The frequencies of CD4+CD69+CD103+ Trm and 
CD8+CD69+CD103+ Trm cells in the small intestinal mucosa and MLNs from patients with CD with treatment. **, P<0.01; ***, P<0.001; 
unpaired Student t-test. (C) The proportions of CD4+CD69+CD103− Trm and CD8+CD69+CD103− Trm cells in the small intestinal mucosa 
and MLNs from patients with CD with treatment. *, P<0.05; unpaired Student t-test. (D) The fractions of CD4+CD103+CD69− Trm and 
CD8+CD103+CD69− Trm cells in the small intestinal mucosa and MLNs from patients with CD with treatment. *, P<0.05; **, P<0.01; 
unpaired Student t-test. Trm, tissue-resident memory T; N-SIM, healthy small intestinal mucosa from patients with CD; CD, Crohn’s 
disease; CD-SIM, lesions from the small intestinal mucosa from patients with CD; N-M-Lys, healthy MLNs from patients with CD; MLNs, 
mesenteric lymph nodes; CD-M-Lys, lesions of the MLNs from patients with CD.
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Th1 and Th17 cells. More than 95% of the effector T cells 
will undergo apoptosis by activation-induced cell death 
(AICD) after clearing the antigen, and about 5% of effector 
T cells will develop into Tm cells. CD4+ effector T cells are 
the main source of cytokines (IFN-γ, TNF-α, IL-17) during 
persistent infection in colon. Continued differentiation of 
Tm cells into effector T cells creates a locally persistent 
inflammatory state. A newly defined subpopulation of 
Tm cells, Tscm cells can have the capacity to self-renew 
and differentiate into Tcm cells, Tem cells, and effector 
T cells; Trm cells which colonize nonlymphocytic tissue 
mediate local immune response (40). The distributions of 
Tscm cells in human blood and lung lymph nodes (24) and 
tumor-infiltrating lymphocytes in lung cancer have been 
determined (41). Tm cells, particularly the subpopulations 
like Tscm cells, play a pivotal role in chronic inflammation 
seen in patients with CD. Hart et al. (9) alluded to the role 
of beta7 integrin in influencing cytokine production; our 
findings further suggest that an increase in Tscm cells in 
MLNs lesions might contribute to chronic inflammation 
in CD patients. Our results indicated that in the mucosal 
immune system, the proportion of Tscm cells is higher in 
the lesions of MLNs than in healthy MLNs. By functional 
analysis, we found that CD8+ Tscm cells in the lesions of 
MLNs produced more IFN-γ than did those in healthy 
MLNs, while in the blood, the number of IFN-γ-producing 
CD4+ Tscm and CD8+ Tscm cells from patients with CD 
with treatment was lower compared to that in healthy 
donors. More Tscm cells in the lesions of MLNs may 
differentiate into Tm cells and effector T cells, which may 
cause chronic persistent inflammation in patients with CD. 
The mechanism by which anti-inflammatory agents and/
or immunosuppressive drugs affect Tscm cell proliferation 
and IFN-γ secretion at different sites remains to be further 
studied.

CD8+ Trm cells are identified as Trm cells; meanwhile, 
CD4+ Trm cells remain the predominant subtype in various 
tissues, like lungs (42,43), genital mucosa (44), and skin (45), 
and they permanently reside in Peyer’s patches and lymph 
nodes (46). Our study showed fewer Trm cells in MLNs 
than in the small intestinal mucosa, which also agrees with 
the earlier findings of Hart et al. that beta7+ cells were 
enriched for cells primed in the intestine, emphasizing the 
unique environment of the intestine and the significance 
of T cells’ role therein (9). Moreover, CD8+ Trm cells 
outnumbered CD4+ Trm cells in both MLNs and the small 
intestinal mucosa, which was also true for the CD103+ Trm-
cell subset. Meanwhile, the frequency of CD4+CD69+ Trm 

cells and CD8+CD69+ Trm cells was comparable between 
MLNs and the small intestinal mucosa. Anti-inflammatory 
and/or immunosuppressive agents inhibit the proliferation 
of CD69+ Trm cells in the small intestinal mucosa; however, 
because the acquisition of T cells from the small intestinal 
mucosa was limited, we did not analyze the function of 
Trm cells or the expression of surface markers related to 
recirculation. It is important to determine the properties of 
Trm-cell subsets in the Trm cell-mediated immune response 
in the mucosal system.

This study has several limitations, notably in the sample 
size and demographic characteristics. We recruited only 
six male patients aged 14 to 33 years diagnosed with 
CD and treated with anti-inflammatory agents and/or 
immunosuppressive drugs. Acknowledging the constraints in 
our sample size and lack of gender diversity, we emphasize 
that these participants were the only available and willing 
subjects during the research period. This limitation in 
sample size and demographic range, while introducing 
potential biases especially in sex and age, was addressed 
through rigorous statistical measures to bolster the validity 
and robustness of our findings. Moreover, due to the limited 
number of Trm cells, we were unable to analyze cytokine 
production from these cells, which could impact the 
comprehensive understanding of Trm cell functions. Despite 
these constraints, our research serves as a preliminary study 
offering valuable insights into Tm-cell subset responses to 
treatment in CD patients. In recognizing the need for more 
inclusive research, our study underscores the importance of 
larger, more diverse studies in the future, incorporating a 
broader age range and including female patients, to enhance 
the understanding of observed effects. We have discussed 
these aspects and the necessity for expanded research in the 
manuscript, aiming for a more holistic understanding of the 
treatment outcomes in CD.

Conclusions

Our findings describe the frequencies and functions of Tm-
cell subsets in the mucosal immune system of patients with 
CD after treatment. A better understanding of the effect of 
anti-inflammatory agents and/or immunosuppressive drugs 
on Tm cells will offer new strategies for the treatment of 
human CD.
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Supplementary

Figure S1 The frequencies of CD4+ T cells and CD8+ T cells in the small intestinal mucosa and MLNs from patients with CD. *, P<0.05; 
***, P<0.001; unpaired Student t-test. N-SIM, healthy small intestinal mucosa from patients with CD; CD, Crohn’s disease; CD-SIM, 
lesions from the small intestinal mucosa from patients with CD; N-M-Lys, healthy MLNs from patients with CD; MLNs, mesenteric lymph 
nodes; CD-M-Lys, lesions of the MLNs from patients with CD.

Figure S2 The frequencies of CD4+ Tm and CD8+ Tm cells in the small intestinal mucosa and MLNs from patients with CD. *, P<0.05; **, 
P<0.01; ***, P<0.001; unpaired Student t-test. Tm, memory T; N-SIM, healthy small intestinal mucosa from patients with CD; CD, Crohn’s 
disease; CD-SIM, lesions from the small intestinal mucosa from patients with CD; N-M-Lys, healthy MLNs from patients with CD; MLNs, 
mesenteric lymph nodes; CD-M-Lys, lesions of the MLNs from patients with CD.
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