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In China, colorectal cancer (CRC) is a common and 

highly fatal malignancy of the digestive system [1]. CRC 
ranks third globally in terms of incidence and second in 
terms of mortality among malignant tumors, following 
only lung cancer [2]. Approximately 15% of CRC cases 
exhibit deficient DNA mismatch repair (dMMR), with 
two-thirds of these cases being secondary to 
hypermethylation of the MLH1 gene promoter, which 
leads to microsatellite instability (MSI) [3]. The high 
mutation burden in these tumors generates numerous 
neoantigens, inducing a robust immune response within 
the tumor microenvironment (TME). Tumor-infiltrating 
immune cells (TIICs) in the TME, including Tregs, NK 
cells, macrophages, and myeloid-derived suppressor cells 
(MDSCs), significantly suppress effector T cells [4]. 
Clinical management of CRC primarily involves surgical 
resection, radiotherapy, and chemotherapy. However, 
CRC often presents with clinical symptoms and signs at 
an advanced stage, making traditional treatments less 
effective, prompting active research into immunotherapy. 
Studies have shown a close relationship between T cells 
and CRC progression. This review focuses on the 
regulatory roles of T cells in CRC and TME, CRC 
immune resistance mechanisms, and targeted therapies, 
exploring the impact of T cells on CRC development and 
the potential of T cell-targeted therapies in treating CRC. 

 
1 Overview of T Cells 
 
1.1 Origin of T cells 
 

T cells play a role in immune surveillance of tumor 
cells [5]. Among them, CD4+ helper T cells (Th) are a 
heterogeneous group of immune cells that can be 
categorized into Th0, Th1, Tfh, etc., based on the 
cytokines they secrete. Regulatory T cells (Tregs) are 

immunosuppressive cells in the TME, and inhibitory 
molecules in the TME can directly convert CD4+CD25+ T 
cells into CD4+CD25+FoxP3+ Tregs [6]. CD8+ cytotoxic 
T lymphocytes (CTLs) can secrete interferon (IFN)-γ to 
inhibit tumor growth and also release perforin and 
granzymes to kill tumor cells. 
 
1.2 Mechanisms of T cell suppression 

 
Antigen-presenting cells (APCs) form major 

histocompatibility complex (MHC) with tumor antigens. 
When T cell antigen receptors (TCRs) bind to MHC-I, 
CD8+ T cells are attracted to the TME [7], where T cells 
are activated through cell-cell interactions. Immune 
checkpoint proteins expressed on T cells interact with 
inhibitory ligands on APCs, such as programmed death 
receptor 1 (PD-1)/programmed death ligand 1 (PD-L1) 
and cytotoxic T lymphocyte-associated protein 4 
(CTLA-4)/CD80 (B7-1), leading to suppression of 
anti-tumor immune responses [8]. CTLA-4 is an 
inhibitory receptor that suppresses TCR-CD28-induced 
activation by competing with CD28 for CD80 [8]. 
Tumor-infiltrating lymphocytes (TILs) can secrete IFN-γ, 
inducing the upregulation of CD80 (B7-1) and PD-L1. 
Strategies to block the CD80 (B7-1) and PD-L1 pathways 
can restore impaired T cell responses. 
 
1.3 T cell surface co-receptors 
 

One mechanism of tumor immune escape involves 
the reprogramming of immune checkpoint receptors 
(ICRs). ICRs are divided into stimulatory co-receptors 
(e.g., CD28 and CD137) and inhibitory co-receptors [e.g., 
lymphocyte activation gene-3 (LAG-3) and PD-1]. MHC 
and CD4+/CD8+ co-receptors interact to promote calcium 
mobilization, protein kinase C activation, and Ras 
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pathway activation, enhancing T cell transcription. TCR 
stimulation is usually regulated by CTLA-4 and CD28 
co-stimulatory receptors, with CTLA-4 having a higher 
affinity for CD80 [9]. CD28 activates in the presence of 
foreign antigens, stimulating downstream immune 
signaling, while CTLA-4 activates after the removal of 
foreign antigens to inhibit immune signaling and prevent 
overactive or autoimmune responses [9]. 

 
2 Regulation of CRC and TME by T Cells 
 
2.1 Role of T cells in CRC proliferation  

 
In the TME, IFN-γ mainly comes from TILs and NK 

cells. IFN-γ contributes to tumor immune escape by 
inducing the expression of immune suppressive 
molecules such as PD-L1, indoleamine 2,3-dioxygenase 
(IDO), and arginase [7]. PD-L1 is expressed on both 
tumor cells and immune cells, especially APCs in 
tumor-draining lymph nodes and the TME [10]. IFN-γ 
induces the activation of the JAK/STAT signaling 
pathway, which in turn activates interferon regulatory 
factor 1 (IRF1), promoting PD-L1 transcription [11].  
 
2.2 Regulation of TME by T Cells  

 
2.2.1 Composition of TME 

The TME can be divided into two types: one with a 
high density of CD8+ TILs, IFN, chemokines (such as 
CXCL9 and CCL10), and various inflammatory factors, 
known as an immune-inflammatory TME. The other is a 
non-immune-inflammatory TME, characterized by 
cytokines related to immune suppression or tolerance 
[such as IL-10, IL-35, IL-4, transforming growth factor-β 
(TGF-β)] and immune suppressive cells (such as Tregs). 
Tumors in an inflammatory TME exhibit stronger 
anti-tumor immune responses. 

 
2.2.2 Effects of T Cells on the microenvironment 

Adaptive immune cells are mainly composed of 
effector T cells and Tregs. Studies have shown that 
combined blockade of PD-1 and CTLA-4 pathways 
increases the infiltration of effector T cells into melanoma 
tumors and reduces the infiltration of Tregs and MDSCs, 
thereby decreasing immune suppression and promoting 
inflammatory cascades in the TME [13]. Tregs primarily 
employ three immune suppressive mechanisms. Firstly, 
Tregs secrete cytokines and cytotoxic molecules to inhibit 
effector T cells, including immune regulatory cytokines 
such as IL-10, IL-35, and TGF-β [14]. VEGF and TGF-β 
promote the conversion of CD4+ T cells into Tregs and 
their accumulation in the TME. Cytotoxic molecules 
released by Tregs (such as granzymes and perforin) can 
directly kill effector T cells. Secondly, Tregs highly 
express ICRs and continuously regulate their functions 
(increasing the release of inhibitory cytokines or 
upregulation of IDO), promoting an immunosuppressive 
TME [4]. Additionally, Tregs interfere with the 
metabolism of effector cells, affecting their functions [4]. 

Tregs disrupt the metabolism of effector T cells by 
consuming IL-2 in the TME. They express CD39 and 
CD73 ecto-nucleotidases, converting ATP and ADP into 
adenosine. Adenosine can bind to adenosine receptor A2A 
on the surface of effector T cells, increasing intracellular 
cAMP and impairing their metabolism and function. 
cAMP also interacts with APCs and macrophages, 
inducing tolerogenic MDSCs and tumor-associated 
macrophages, further affecting T cells. 
 
3 The Role of T Cells in CRC Immune Resistance 
 

The hallmark of immunotherapy is the presentation 
of antigens by APCs, which are then recognized and 
targeted by host T cells. Thus, resistance to 
immunotherapy may develop due to tumor cells lacking 
antigens or ineffective antigen presentation. Ineffective 
antigen presentation mechanisms include decreased 
MHC-I expression, β2-microglobulin mutations, human 
leukocyte antigen (HLA)-I mutations, interactions 
between PD-1/PD-L1 and CTLA-4/B7, and loss of 
phosphatase and tensin homolog (PTEN) on chromosome 
10, as well as activation of oncogenic signaling pathways. 
 
3.1 Lack of T cell antigen recognition 
 

The presentation and quantity of tumor neoantigens can 
impact T cell anti-tumor immunity. In dMMR-CRC, high 
mutation burden and neoantigen load correlate positively 
with immunotherapy efficacy. dMMR-CRC patients show 
better responses to anti-PD-1 therapy, mainly due to 
higher mutation loads, numerous neoantigens, and 
increased immune cell infiltration. Compared to 
microsatellite stable (MSS) tumors, dMMR-CRC TME 
shows intense upregulation of immune checkpoints like 
PD-L1, CTLA-4, LAG-3, and IDO. 

 
3.2 Ineffective antigen presentation 

 
3.2.1 Decreased MHC-I expression 

Decreased MHC-I expression can reduce the 
efficacy of immune checkpoint blockade by blocking 
CD8+ T cell activation or rendering effector T cells 
dysfunctional [15]. Tumor cells evade immune 
destruction by downregulating surface MHC-I expression, 
which is crucial for antigen presentation. Binding of TCR 
to MHC-I attracts CD8+ T cells to the TME and activates 
anti-tumor immune responses. About 50% of diffuse large 
B-cell lymphoma cases are not recognized by CTLs due 
to lack of MHC-I expression [16]. 

 
3.2.2 β2-microglobulin mutations 

β2-microglobulin is an extracellular component of 
MHC-I that induces/enhances MHC-I antigen 
presentation capability. Its loss leads to the absence of 
surface MHC-I, impacting anti-tumor immunity [17]. 

 
3.2.3 HLA-I mutations 

HLA-I plays a crucial role in antigen presentation 
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[18]. In various tumor types, these molecules are often 
lost, leading to immune evasion of tumors [18]. HLA-I 
binds short peptides from intracellular proteins and 
presents them to T cells, which is vital for immune 
surveillance and anti-tumor responses [19]. In a study of 
74 diffuse large B-cell lymphoma cases, 80% of MHC-I(-) 
tumors exhibited somatic inactivation of 
β2-microglobulin and HLA-I gene loci [16]. 

 
3.2.4 Interaction between PD-1/PD-L1 and 
CTLA-4/B7 

Immune checkpoint proteins (PD-1/CTLA-4) 
expressed on T cells interact with their ligands 
(PD-L1/B7) on APC, inhibiting anti-tumor immune 
responses. IFN-γ-activated Stat1 promotes Tet1 binding 
to Irf1, regulating Irf1 demethylation and leading to 
downstream expression of PD-L1 on tumors [20]. T cells 
and NK cells produce IFN-γ [21]. 

 
3.2.5 Loss of PTEN  

PTEN is a tumor-suppressor gene, inhibiting the 
phosphatidylinositol-3-kinase (PI3K) pathway. Its loss 
creates an immunosuppressive microenvironment [22]. 
Additionally, tumors with PTEN defects exhibit increased 
IDO and PD-L1 expression, aiding immune evasion [10]. 
PTEN mRNA stimulated anti-tumor immune activity and 
reversed the immunosuppressive TME, inducing tumor 
cell necrosis [23].  

 
3.2.6 Oncogenic signaling pathways 

Oncogenic signaling pathways, such as the 
mitogen-activated protein kinase (MAPK) [24] and 
WNT/β-catenin pathways, regulate cell recruitment 
necessary for anti-tumor immunity. They can affect IFN-γ 
and antigen presentation, suppress dendritic cell 
recruitment, prevent T cell infiltration, induce tumor cell 
apoptosis, or generate immunosuppressive factors in the 
TME, resulting in resistance [11]. The MAPK pathway 
upregulates IL-6 and IL-10 release, inhibiting T cell 
recruitment and function. IFN-γ induces the expression of 
immune suppressive molecules in the TME, including 
B7-1, PD-L1, IDO, and arginase. 
 
4 CRC Clinical Targeted Therapy 
 
4.1 Suppression or depletion of Treg 
 

Tregs play a crucial role in tumor immune evasion. 
Targeting Tregs could be an effective adjunct to current 
immunotherapies, including Treg activity inhibition and 
depletion. Targeting CD39 in vitro can inhibit Treg 
activity, and in vivo, it can suppress tumor growth. 
Targeting CD73 Tregs might also have therapeutic 
benefits. Low-dose cyclophosphamide can deplete Tregs. 
 
4.2 Adoptive cellular therapy (ACT) 
 

ACT uses cells from the patient (autologous transfer) 
or other donors (allogeneic transfer) to enhance immune 

function. It involves isolating T cells from the patient's 
peripheral blood, expanding them ex vivo, and 
reintroducing them into the patient with chimeric antigen 
receptor T cell (CAR-T) expression and modification [25]. 
ACT includes three types: CAR-T insertion, use of TILs, 
and T cell receptor-engineered T cells (TCR-T). These 
modifications enhance T cell antigen recognition and 
avoid MHC restrictions. However, CAR-T therapy faces 
challenges, including cytotoxicity to non-tumor tissues 
expressing target antigens, leading to severe off-target 
toxicities [26]. 
 
4.3 Immune checkpoint inhibitors (ICIs) 
 

ICIs restore anti-tumor immune responses by 
targeting checkpoint proteins (e.g., PD-1, PD-L1) and 
blocking immune suppressive signals. Combination 
therapies show enhanced efficacy. Although ICIs are 
currently effective only in metastatic diseases, evaluating 
ICIs for early dMMR-CRC as neoadjuvant and adjuvant 
therapy is a new research direction. Targeting CTLA-4 
blocks this protein, allowing CD28 to bind B7, thereby 
stimulating T cell immune responses [27]. 

New immune checkpoint targets, such as T-cell 
immunoglobulin and immunoreceptor tyrosine-based 
inhibitory motif domain (TIGIT), LAG-3, and T cell 
immunoglobulin domain and mucin domain-3 (TIM-3), 
are undergoing preclinical research [3]. CD226 aids NK 
cells in tumor immune surveillance. TIGIT is upregulated 
in exhausted T cells and co-expressed with PD-1; 
blocking TIGIT can restore anti-tumor immune responses. 
The efficacy of anti-PD-1 and TIGIT is related to CD226 
expression on CD8+ T cells [28]. Relatlimab is an LAG-3 
blocking antibody. In an international double-blind phase 
III study, nivolumab plus relatlimab significantly 
extended median progression-free survival from 4.6 
months to 10.1 months compared to nivolumab alone 
(HR=0.75; 95%CI: 0.62-0.92; P=0.006) [29]. Other 
LAG-3 inhibitors are under investigation, including 
LBL-007, which has shown significant anti-tumor 
activity alone or in combination with anti-PD-1 
antibodies in CRC xenografts [3]. Preclinical studies 
suggested that combined blockade of TIM-3 and PD-1 
pathways was highly effective in treating solid tumors 
[30]. TIM-3 is highly expressed with increased TGF-β. 
Immunotherapeutic strategies targeting TIM-3, TGF-β in 
combination with PD-1/PD-L1 can overcome ICIs 
tolerance, especially CRC with CMS4 and MSI 
characterized by high levels of TIM-3 and TGF-β [31]. 
 
4.4 CRC-related therapeutic supplements 
 

The product succinate from Fusobacterium 
nucleatum can reduce CRC sensitivity to anti-PD-1 
monoclonal antibodies. Treating mice with metronidazole 
reduces Fusobacterium nucleatum and succinate 
production in the gut, restoring tumor sensitivity to 
immunotherapy [32]. In CRC patient cohorts, the 
expression of N6-methyladenosine RNA binding protein 
1 is negatively correlated with CD8+ T cell infiltration, 
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impairing anti-tumor immunity through the 
N6-methyladenosine-p65-CXCL1/CXCR2 axis, making 
it a target for immunotherapy [33]. In human CRC liver 
metastases, antagonizing IL-10 increased activation and 
cytotoxicity of CEA-specific CAR-T cells. Targeting 
IL-10/IL-10 receptor signaling has the potential to serve 
as a stand-alone therapy and enhance CAR-T function in 
human CRC liver metastases [33]. 

 
5 Conclusion 
 

T cells have complex interactions with TME and 
play an important role in CRC progression, and targeting 
T cells to treat tumors is promising for clinical application. 
ICIs are currently effective in metastatic-only CRC, but 
evaluating ICIs as neoadjuvant and adjuvant therapy for 
early dMMR-CRC is a new research direction. New 
immune checkpoint targets, such as TIGIT, LAG-3, and 
TIM-3, are undergoing preclinical studies. Therefore, the 
mechanism of T cell interaction with CRC and TME 
should continue to be investigated, and the progress of 
targeted T cell therapy to better regulate tumor cells. 
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Ì3$%H!3R$%#!"

c~¬±¯

&

C1<"<

CDrsEF

(>$=

îï%&'

U1:S=U1:S

.tu�¸§H3vwOPx

y

&

ßé

U1:S

QïL�%�¸��4��:)

"

TU{ý

U1:S

ä+c

U1:S

4ÌÖ

&

ßé

G!'*

.hKQ{ý

U1:S

'(

ä+

"

.hYQ{ýtuQÏ

&

56noßé

G!I' U1:S

'

(4Qï����hI

&

ñQy#þæÅ°GÉlÌÖ

U1:S&

(>)=

()ëìw*

'5;7YA0\:-:669651AC:15YV" KGU(=KGU

¦

ylWáâ

'

Wh�Ô

(

a¶��h

'

ÁNph�Ô

(

4'(

�ÿ!�¸îï

&

Õ áâKí�3)�

U

'(

"

7ÞhK

�Ê

%

×£÷»Vh

'-C04:10-5.A0S:. 1:-:YA71U-:66@"GKF3U(

n¾µkØ"ÙÚháâhY

))E*

& KGU

TU

GKF3U

4Û©

%

U#R

4¦yc

U

'(VhÜ)

U

'(

'U-:661:-:YA713

:.S0.::1:; U-:66@" UGF3U(

4kØ

&

ñ%kØQÊù

U

'(

4÷»G'ïøcÇ�

X?G

4ûý+G'

&

Íð

"GKF3U

�

�]n¾ß÷»4mtuab4�'(`+

"

 ðõö��

uOO4ßémtu`+MN

))J*

&

(>'=

áâ+,Uîï-

'0449.:-C:-/Y70.A0.C0Z0A71@"#G#@(=

#G#@

L-SßéVha¿h4ijà}~4*²�¸{ýt

u+,

"

C

H!3$

c

H!3R$"

 ð¸¹÷tu�¸é6

"

�3£

����øs

&

ÝL

#G#@

4hI�%íû^�Ô+Ù½

"

×

01

#G#@

x�Ñ�

;XXF3GFG

4�­cc­c��Lal

Mò�456[é

&

ßé

GURK3("

�/£

%

*²Ø}~

&

 

ðL'

G!)L

(

Ì
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