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Abstract: T cells are closely associated with tumor development and the homeostasis of the tumor microenvironment (TME).
The co-receptors of immune checkpoints on the surface of T cells collectively regulate immune responses and can inhibit or kill
tumor cells by secreting various substances, correcting and restoring impaired anti-tumor immune responses. In recent years,
there has been some progress in targeted T cell therapy, but some new immune test targets are still being studied. This article
focuses on the role of T cells in the regulation of colorectal cancer (CRC) and TME, the mechanism of immune resistance to CRC
and its targeted therapy, and discusses the relevant effects of T cells on the occurrence and development of CRC and the
application prospect of targeted T cell therapy for CRC.
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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 (dIMMR), with
two-thirds of these cases being secondary to
hypermethylation of the MLHI 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 ThO, Thl, Tth, 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'CD25FoxP3" Tregs [6]. CD8+ cytotoxic
T lymphocytes (CTLs) can secrete interferon (IFN)-y 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,
CDS8" 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 CDS8O0 [8].
Tumor-infiltrating lymphocytes (TILs) can secrete IFN-y,
inducing the upregulation of CD80 (B7-1) and PD-LI.
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-y mainly comes from TILs and NK
cells. IFN-y 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-y
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-f§
(TGF-B)] 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-p [14]. VEGF and TGF-B
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, B2-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. AIMMR-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
CDS8" 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 B2-microglobulin mutations

B2-microglobulin is an extracellular component of
MHC-1I  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
B2-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-y-activated Statl promotes Tetl binding
to Irfl, regulating Irfl demethylation and leading to
downstream expression of PD-L1 on tumors [20]. T cells
and NK cells produce IFN-y [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/B-catenin pathways, regulate cell recruitment
necessary for anti-tumor immunity. They can affect IFN-y
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-y 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 vifro 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 (ICls)

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-p.
Immunotherapeutic strategies targeting TIM-3, TGF-B in
combination with PD-1/PD-L1 can overcome IClIs
tolerance, especially CRC with CMS4 and MSI
characterized by high levels of TIM-3 and TGF-f [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.

Conflict of interest None

Reference

[1] Guo MY, Peng WW, Fang Y, et al. Advances in immunotherapy of
early-middle stage colorectal cancer with microsatellite instability-high
and stability[J]. Chin J Clin Res, 2023, 36(12): 1886-1889.

[2] Bardel¢ikova A, Soltys J, Mojzi§ J. Oxidative stress, inflammation and
colorectal cancer: an overview[J]. Antioxidants(Basel), 2023, 12(4):
901.

[3] Jin ZH, Sinicrope FA. Mismatch repair-deficient colorectal cancer:
building on checkpoint blockade[J]. J Clin Oncol, 2022, 40(24):
2735-2750.

[4] Aristin Revilla S, Kranenburg O, Coffer PJ. Colorectal cancer-infiltrating
regulatory T cells: functional heterogeneity, metabolic adaptation, and
therapeutic targeting[J]. Front Immunol, 2022, 13: 903564.

[5] Koch U, Radtke F. Mechanisms of T cell development and
transformation[J]. Annu Rev Cell Dev Biol, 2011, 27: 539-562.

[6] Ohue Y, Nishikawa H. Regulatory T (Treg) cells in cancer: can Treg cells
be a new therapeutic target?[J]. Cancer Sci, 2019, 110(7): 2080-2089.

[7] Du W, Frankel TL, Green M, et al. IFNy signaling integrity in colorectal
cancer immunity and immunotherapy[J]. Cell Mol Immunol, 2022,
19(1): 23-32.

[8] Zhao W, Jin LJ, Chen P, et al. Colorectal cancer immunotherapy-Recent
progress and future directions[J]. Cancer Lett, 2022, 545: 215816.

[9] Johdi NA, Sukor NF. Colorectal cancer immunotherapy: options and
strategies[J]. Front Immunol, 2020, 11: 1624.

[10] Vidotto T, Melo CM, Castelli E, et al. Emerging role of PTEN loss in
evasion of the immune response to tumours[J]. Br J Cancer, 2020,
122(12): 1732-1743.

[11] Kalbasi A, Ribas A. Tumour-intrinsic resistance to immune checkpoint
blockade[J]. Nat Rev Immunol, 2020, 20(1): 25-39.

[12] Zhang QQ, Zhao Q, Li T, et al. Lactobacillus plantarum-derived
indole-3-lactic acid ameliorates colorectal tumorigenesis via epigenetic
regulation of CD8+ T cell immunity[J]. Cell Metab, 2023, 35(6):
943-960.¢9.

[13] Curran MA, Montalvo W, Yagita H, et al. PD-1 and CTLA-4
combination blockade expands infiltrating T cells and reduces
regulatory T and myeloid cells within B16 melanoma tumors[J]. Proc
Natl Acad Sci U S A, 2010, 107(9): 4275-4280.

[14] Dikiy S, Rudensky AY. Principles of regulatory Tcell function[J].

Immunity, 2023, 56(2): 240-255.

[15] Dhatchinamoorthy K, Colbert JD, Rock KL. Cancer immune evasion
through loss of MHC class I antigen presentation[J]. Front Immunol,
2021, 12: 636568.

[16] Fangazio M, Ladewig E, Gomez K, et al. Genetic mechanisms of HLA-I
loss and immune escape in diffuse large B cell lymphoma[J]. Proc Natl
Acad Sci U S A, 2021, 118(22): €2104504118.

[17] Bern MD, Parikh BA, Yang LP, et al. Inducible down-regulation of
MHC class I results in natural killer cell tolerance[J]. J Exp Med, 2019,
216(1): 99-116.

[18] Anderson P, Aptsiauri N, Ruiz-Cabello F, et al. HLA class I loss in
colorectal ~ cancer:  implications for immune escape and
immunotherapy[J]. Cell Mol Immunol, 2021, 18(3): 556-565.

[19] Chowell D, Krishna S, Becker PD, et al. TCR contact residue
hydrophobicity is a hallmark of immunogenic CD8+ T cell epitopes[J].
Proc Natl Acad Sci U S A, 2015, 112(14): E1754-E1762.

[20] Lv HW, Lv GS, Chen CA, et al. NAD+ metabolism maintains inducible
PD-L1 expression to drive tumor immune evasion[J]. Cell Metab, 2021,
33(1): 110-127.€5.

[21] Gocher AM, Workman CJ, Vignali DAA. Interferon-y: teammate or
opponent in the tumour microenvironment?[J]. Nat Rev Immunol, 2022,
22(3): 158-172.

[22] Cetintas VB, Batada NN. Is there a causal link between PTEN deficient
tumors and immunosuppressive tumor microenvironment?[J]. J Transl
Med, 2020, 18(1): 45.

[23] Lin YX, Wang Y, Ding JX, et al. Reactivation of the tumor suppressor
PTEN by mRNA nanoparticles enhances antitumor immunity in
preclinical models[J]. Sci Transl Med, 2021, 13(599): eaba9772.

[24] Tian J, Chen JH, Chao SX, et al. Combined PD-1, BRAF and MEK
inhibition in BRAFV600E colorectal cancer: a phase 2 trial[J]. Nat Med,
2023, 29(2): 458-466.

[25] Luo X, Tang YZ, Hu XD, et al. Current status and challenges of CAR-T
therapy in colorectal cancer treatment[J]. Chin Bull Life Sci, 2023,
35(7): 916-924. [In Chinese]

[26] Flugel CL, Majzner RG, Krenciute G, et al. Overcoming on-target,
off-tumour toxicity of CAR T cell therapy for solid tumours[J]. Nat Rev
Clin Oncol, 2023, 20(1): 49-62.

[27] Sharma P, Goswami S, Raychaudhuri D, et al. Immune checkpoint
therapy-current perspectives and future directions[J]. Cell, 2023, 186(8):
1652-1669.

[28] Viot J, Abdeljaoued S, Vienot A, et al. CD8+ CD226high T cells in liver
metastases dictate the prognosis of colorectal cancer patients treated
with chemotherapy and radical surgery[J]. Cell Mol Immunol, 2023,
20(4): 365-378.

[29] Thomas B, Burns M, Pervanas H, et al. Nivolumab/relatlimab-rmbw: a
novel dual combination therapy to treat adult and pediatric patients with
unresectable or metastatic melanoma[J]. Am J Ther, 2023, 30(6):
€526-e534.

[30] Mokhtari Z, Rezaei M, Sanei MH, et al. Tim3 and PD-1 as a therapeutic
and prognostic target in colorectal cancer: relationship with sidedness,
clinicopathological parameters, and survival[J]. Front Oncol, 2023, 13:
1069696.

[31] Katagata M, Okayama H, Nakajima S, et al. TIM-3 expression and M2
polarization of macrophages in the TGFp-activated tumor
microenvironment in colorectal cancer[J]. Cancers, 2023, 15(20): 4943.

[32] Jiang SS, Xie YL, Xiao XY, et al. Fusobacterium nucleatum-derived
succinic acid induces tumor resistance to immunotherapy in colorectal
cancer[J]. Cell Host Microbe, 2023, 31(5): 781-797.¢9.

[33] Bao Y, Zhai JN, Chen HR, et al. Targeting m6A reader YTHDF1
augments antitumour immunity and boosts anti-PD-1 efficacy in
colorectal cancer[J]. Gut, 2023, 72(8): 1497-1509.

[34] Sullivan KM, Jiang X, Guha Pet al. Blockade of interleukin 10
potentiates antitumour immune function in human colorectal cancer
liver metastases. Gut. 2023 Feb;72(2):325-337.

Submission Received:2024-03-05



v ] I AR AIF 5T

2024 4E 9 HE5 37 55 9] Chin J Clin Res,September 2024, Vol.37, No.9

T 20 i A2 45 E g b AR A AH SR 77 1

EZAXR", FET, B, 24
L BTSRRI RS e, AR BT 272067 2. BT E e R BE Bele RG24 R, 1A B3 272029;
3. TR EE B EIRE LA PR 272029

TR T AN R IR S A R T R PR (TME) R S B DTG o LR M S B A i L S2 RS [R) P95 3 S BE N 25 o 'l i
T 53 WA A ) AT o R 0 R AR, M AE RN S 2 B DR S SO o AR ¥EﬁT9HE@{éf§1§=4“b e, {E' ez
4 S A A RS ERIT T o AR SO g 60T T AN MIAE I 5245 B8 (CRC) il TME PP EPEIT (CRC () 52 i 25 ML) B FCAE s

ITAEIBIR T AIMIXS CRC S A R SR HAR G S 4 T AN I6 Y7 CRC S F TS
KGR A T AN BRBREL; REInYT s SRR MR s S AR AT s Ty
FESES: R735.3 XHiFRIAEE:. A XEHS. 1674-8182(2024)09-1323-04

- 1323 -

Advances in the role of T cells in colorectal cancer and related therapies

LI Yuetian™ , HUANG Haining, CHEN Shuai, WANG Quanyi
* Clinical School of Medicine, Jining Medical University, Jining, Shandong 272067, China
WANG Quanyi, E-mail: wqyl97312@ sina. com

Abstract: T cells are closely associated with tumor development and the homeostasis of the tumor microenvironment ( TME). The co-

Corresponding author

receptors of immune checkpoints on the surface of T cells collectively regulate immune responses and can inhibit or kill tumor cells by

secreting various substances, correcting and restoring impaired anti-tumor immune responses. In recent years, there has been some

progress in targeted T cell therapy, but some new immune test targets are still being studied. This article focuses on the role of T cells in
the regulation of colorectal cancer (CRC) and TME, the mechanism of immune resistance to CRC and its targeted therapy, and discusses
the relevant effects of T cells on the occurrence and development of CRC and the application prospect of targeted T cell therapy for CRC.
Keywords: Colorectal cancer; T cells; Tumor microenvironment; Immunotherapy; Immune checkpoint inhibitors; Adoptive cell
therapy; Drug resistance

Fund program: Jining Key Research and Development Plan Project (2023YXNS062) ; Jining Medical University High-level Research

Project Cultivation Program Project (JYGC2022FKJ014)

eI E , 45 B %9 (colorectal cancer, CRC) J& — Fifr % I
HAET R W R GBI . CRC T 2Bk i
TR IE A = IR BT T R R A AR T A
K5 15%1%) CRC 45 DNA 4% it & & 31 fig 5k [ ( deficient DNA
dMMR ) , o H = 43 22 04 9 i 2 4k R T
MLHI B[R )3 3 F 5 B, X 2 2 3 TR AFE (microsa-
tellite instability, MSI)"* . [ihsg 1 25 3 9828 , 45 77 A K 17
YU, 76 % 3R 5% (tumor microenvironment, TME) H1 5[ {2 i)
TR S S o 7E TME H il 3290 1 5 8 20 Y ( tumor-infil-
trating immune cells, TIIC) 4% Treg . H #& 7 /i ( natural killer,
NK) 40 Jd . 5 40 B A6 2R o P50 1 40 B ( myeloid-derived

mismatch repair,

DOI: 10. 13429/j. cnki. cjer. 2024. 09. 003
E¢mA:
(JYGC2022FKJ014)

F4 X, E-mail; wqyl197312@ sina.com
2024-09-20

BIEEE:
HAREH:

PET T G A H (2023YXNS062) 5 T 2 2 B

suppressor cells, MDSCs) % HXFREN T 40 AT 1 3m
YERI . CRC WY IRIGYT £ 2ALHE T AR IR o7 Fifey? . 1%
GERNRST T IETENE ) CRC TR REMRAS I RO RICR , oAk
HI SR REIRIT WSS IETE AR Ji vh o WFSE R, T 41 5 CRC
HIIERA VIR CR . ASCEEESE T 4% CRC F1 TME
R FEAE T \CRC St 25 Lt K AL )36 7 45 T 458, 18
W T 4 HIX CRC % A e B A DG 52 i b #0 ) T 40 938 7
CRC W R HT = .

1 T patEik

L1 T anpash kB T 40 ] frbeg 4 it i 60 928 W i /e T

& B RHEI H B R 5 H

QR code for English version



- 1324 -

FE GRS 2024 4E 9 HEE 37 #5455 9] Chin J Clin Res, September 2024, Vol.37, No.9

Forb,CD4 4 8) T 40 (helper T cell, Th) &—2H 5 Btk G s
YA, AR L4300 41 A R F- B9 AN [R], BT 4324 ThO  Th1  Tth %
WATHE T 2l (regulatory T cell, Treg) & TME Hh i S5 41
AN, TME v /3014 43 7 BE 8206 CD4" CD25" T 41 g %
k47 CD4*CD25" FoxP3" () Treg'®' . CD8” 4T T 41MI ( cy-
totoxic T lymphocyte, CTL) A 43+ 3 2 (inferferon, IFN)-y
T bge A A ] o 2 L 3R O R 5 PR 40T A

1.2 T@mpedpsbudl  PrlAHE 40 (antigen-presenting cell,
APC) 5 il sed 1 J50IF i 3 T 41 S0 254 52 & 1K (major histo-
compatibility complex, MHC), X4 T 48 ifs $1 Ji 5% 44 ( T-cell
antigen receptor, TCR) 5 MHC- [ 454, CD8™ T 41 4 4 1 5|
) TME) T 20 i 3k 240 Hfa 15 FH FE JFR B T o T 40 M 2% 1t
FA NI RIER AT SR 15 APC 32 AT A4 44 e A4 AR B VE AT
NP HEFE T 32 M4 1 (PD-1)/F2 )P HESET-Fc 4k 1 (PD-L1) |
CTLA-4/CD8O( B7-1) -4 3 1l 47 Ji 8 #e 3 f2 Jii 1®' . CTLA-4
SN PEZ AR Gl 5 CD28 34+ CD8O Mij # i TCR-CD28 i
S ™. Mo Mk B 40 B ( tumor-infiltrating
lymphocyte , TIL) ] 43 #} IFN-vy, 5 CD80(B7-1) .PD-L1 ]
R,

13 Tmik@mEgm Mg aredbi® mpL 2 — = o R K
1% 15, % & (immune checkpoint receptor, ICR) i B 4ife, ICR 43
SR L 2 A (4 CD28 1 CD137) 41 sl ek e 32 4k [ dan ok £
Y35 £k 3L (lymphocyte activation gene, LAG)-3 PD-1 48], —
HILFPE N T AU RER &, MHC I CD4*/CD8" #3714
BN, 2 e85 3h 5 R (%0 C A9TE LR Ras 58 #1934
i SETARE T AU 5. @ E, TCR #3452 3 CTLA-4 St
il Bz CD28 TR AZ A By 98 35, {2 CTLA-4 XJ CD8O 3% Fil J)
w5, CD28 FE A S Wy I B , R U 0 e S AR
CTLA-40ZE ST BRI s , A S e (55 51 5

2 T #Hiaxt CRC #1 TME #yiE4E

2.1 Tmpext CRC ¥she94EM ¥E TME 7 IFN-y £k [
TIL FI NK 40, TFN-y A Bl T [ fo g0 30k sk , L7 3 S e
il [ 40 PD-L1 W[ iz 2., 3-X5Ufi1 42 Bl ( IDO ) 1A 2 I il |
ik o PD-LI 78 40 M 0 G008 20 M b 2 3 A ) T
TR I Ik T 465 0l R ok B B R g APCHY ) TFN-y & &
JAK/STAT {5538 B0 , 48 7 8006 T 98 2 98735 7 1 (inter-
feron regulatory factor 1, IRF1) , {2 PD-L1 (O

2.2 T st TME 6438454k A

2.2.1 TME f4ip  TME KRR LA AR — KR EH K
BRI CD8 TILs \ IFN #4417 (4 CXCL-9 . CLCL-10) &%
BTG T PR GBS TMEL ™ o 55 — SR AR i
RN TME, & 5 S 5e 0 2 it 52 4 i 4 i R [ 4n B
YA 2 (IL)-10, IL-35, IL-4 , %% fk Az & A F ( ransforming
growth factor, TGF) -B | Kz S y2 #1fil 40 M ( 41 Treg) .

2.2.2 T MR EREERIMET 38 R G 40 I = 2 R A
T Z0HIFN Treg 2 A, W55 H23E , PD-1 1 CTLA-4 38 J% (B A
IEL T 38 T S 2R e T AN T A IR, 980 T Tregs

1 MDSC 4310 , AT/ G2 I DA 38 TME m i) 2 iE 2%
RS o Treg EEA =FiEMMHIHLA . & I, Treg 143
WA PR A B T 1 TR A R KON, T AR . AL e i I
M T IL-10, IL-35 1 TGF-gM™ i 3k i 80 % J2 1
VEGF F1 TGF-B, {2 i#f CD4" T 4% 1t Treg 21, JF-4£ TME
HARER, Treg BRI AT > 7 (AN BRI RS A1 28 FL K ) , 7T
BHEASERON T 410, K, Treg 4 ffd i B #2356 ICR, 14 i
I 20 BE PR 0 B ik IDO 1y 1 R, AR 0k B e g
TME'™ . BeAh, Treg 48P0 07 240 A (9 X 355 , M T 582 00 )
Y . Treg dl i #E TME Py IL-2 BEIRAEON T 40 M A A5 o
B FIA CD39 FI CD73 SME LG, ¥ ATP F1 ADP #5464 It
MR LLS 0N T 4N 22 1 1 MR 32 7k A2A 254, 4N
AL cAMP FEREIR HAC AT AE

3 T #EpatE CRC &Mz FHERA

GRS IR AR AR APC 3BT, 1 5 T 40 H U5
IR AN o PRIt , X S 7 12 (9 ik 24 1 AT LAl e 9 240
Mt = B I ST I 2 8 OO SR o Bt i 2 3 TR i 4
i MHC- | 3R35 TR, B2-ERk M F 248 A A At bt S (hu-
man leukocyte antigen, HLA- T )Z$45 PD-1/PD-L1 % CTLA-4/
B7 (AH AR 10 5 4 o R BRG i B R it 2 5K 1 2 A [R1 IR
( phosphatase and tensin homolog, PTEN) {4k Fsum (= 558
PR, BT
3.1 T mfasZ FRRA R BB Y S AR T e s
S2Mm T 20 M b b 73 e % , 75 AMMR-CRC o, 2 58 48 FUE 0 i
B 5o EIR T BOR B IEA G, 78 IMMR-CRC 84 1, 5t
PD-1 RCR LY, EEIEF N T = 2 A i B i R A 2
T RE 40 L 3= T 1 . 5 43 T2 A (microsatelite stable,
MSS) fif i At , AMMR-CRC () TME 2 Bt G0 5 46 2 5t ) 5
%1 94, PD-L1 ,CTLA-4 .LAG-3 1 IDO,

32 RREHELK

3.2.1 MHC- [ 35 TR MHC- 1 a] LI S FHWr CD8* T 41 i
PG ARl AL T 200 G B >k I A1 e 0E Aar e A5 BEL BT 1) 97
R TR 2 M S R i L 3o 3 6 B 4 N % 1
MHC- T bkt 6z i TCR 5 MHC- I #9454, CD8”
T KR 51 8] TME , 47 i e 598 BN 80T o 50% 1 3R
1K B 4 MK CURE Tk = MHC- T (9 3% 3k, Jo 3k 9k CTL
P,

322 B-MEREEHZEAE  B2-REKk A HJE MHC- 1 2809 4h g
MY, i S/ R MHC- T 2550 RS 0RE 1. B2-TlBk R
IR 2 S EFR I MHC- T Bk, Snadho e sz .
3.2.3  HIA-1 %74F  HLA- T HUR7e 4 &8 07 A & 5 BEfE
RN AERRIZE R R T X e 4 T 20 Bk, S BUMR
X CTL B9 G k™™ o HLA- T 5 20 i A 7 1 000 45 S 2 ik
254, T T A0 2 380 20 TR, 330X Gy WAl AT A 8 B 4 S
RS Xt 74 GLRIRIB K B ANHI TR AT T 4
HM i FAIAER 5] HLA SRBEI)Y , & 3 80% 1) MHC- T B4 iy
J T TEAE B2-TERTE 1R HLA- T 35 R 5 i A i o v e
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3.2.4 PD-1/PD-L1 }; CTLA-4/B7 WAHEAEM T 4K m
TR HIE R A i [ (PD-1/CTLA-4) 5 HAE APC R TH 1Y
Be 4k (PD-L1/B7) AHE AR A4S bl e e S8 SR o TFN-y
WG Y STATL AR i TET1 &5 IRF1 454, AT 15 IRF1 /)
LW AL, SHCTFUF PD-LI LE R &K, T 40 e A
NK 2541 g = TNyt

3.2.5 PTEN (it PTEN 233w, X Eme LA 3-
( phosphatidylinositol 3-kinase, PI3K) i 7 1 6l /F . H
R 7 A A A S B IR BE L PTEN e A9 Jibg TDO 11
PD-L1 kM %, 45 B T Il 40 it o i ok e o wFge e,
PTEN () mRNA 0] DL b G 28 196 P D 336 7 8 3o 1
TME, WM 5 5 i 4 SR 58

3.2.6 FUR(ESEEE  BURE S E B, W22 BRI AL E M
Jifi ( mitogen-activated protein kinase, MAPK ) ') 3% 42 fil WNT/
B-catenini@ [ , P45 PR S BT AR A I SE AR . BRI
Me) TEN-y FHAT I 52388 , 30 A% SOR A I 5548, By 1k T 40 i
18,175 5 M 20 B0 T2 0 72 TME Hrigs S e ge il R, DA
i 2G4 . MAPK #4213 1L-6 il IL-10 () B, 4
il T AU SEEE MTIRE . TFN-y i 5 TME Hr G e i il 431 1
ik, 4% B7-1.PD-L1.IDO G Z MR -

4 CRC I REE[RIETT

4.1 Aph) RAEE Treg  Treg 1 IR T0 9 b 3%k o % 44 5 24
JHo BEm Treg 7T A2 B HY S 2207 B 10 ROk 52, 4345 30 1
Treg {f R Treg HY#E . LM CD39 FEARSMAT I Treg 41
TEE ZEPR P T bR A4 . PR ERWIHE ) CD73 Treg 4
It 7T BE B A IR YT 65 Ak 38 AT AR R A B B I b Ok #6395
Treg,
42 Uk A yF & (adoptive cellular therapy, ACT)  ACT {ff
PR AR (A AREE RS ) sl I M it A (TR SR 56 ) 11 4t i
VIBCE EIIRE . TN BN b o> 8 T 400, #4717k 50
Y1 § S PR Z 1 (chimeric antigen receptor T cells, CAR-T)
ik BB Il R . ACT 404% CAR-T [9#R A
TILW A T A2 & T8 T 4l (T cell receptor-
engineered T cells, TCR-T) &/, X e 1iin] B 5% T 40
HBL IR BE ) Ak S, MHC B RREIPEIR A . SR107, CAR-T 97
0 FEIR RO A AR e 28 23 A A0 R 75 v, AT 5 B R
T A S B XU
4.3 % A& & 9% F] (immune checkpoint inhibitors, ICls)
ICITs J23 it M i) 32 A s P A P 2 288 2R 10 11 L DT . 22 30 it
Ji A5, W0 PD-1 A1 PD-L1, IS C I S ie S i, B
BITRCR T, R ICTs 19 2240 B AT {CBR T 8 g, (A
PPAR 1CIs 7B 15] AMMR-CRC [ 557 i Bl Rl Bl 6 97 02 K ok
—ANHEIWFFE T 1) . § 15 CTLA-4, LIS & FHIBHZE H. M
T foVF CD28 5 B7 454 i T 40 56038 SR

S G ARG A SR, 0 T A0 S B BR R 1 R 2 A
i 2 A Tl VR PP 25 A 4k ( TIGIT) \LAG-3 J T 4l g e i Bk 2
FIBRER 140 F 3(TIM3) | IEAEREAT IR PR AT BT 52 . CD226 41

BT NK 40 % s 9 28 Wil TIGIT 76 32 v (4 T 41 i
RIS PD-1 333k, BT TIGIT W 7k &2 470 iy e 98 I i,
Ht PD-1 F1 TIGIT {40 R 5 CD8'T 4l I (¥ CD226 K ikHg
5", Relatlimab &—7F LAG-3 BT {A . 16— 151 & bR XU
REAL IO b, 5 a0 sl R L BB B 253697 714 Z i B (4
ERREA L, WAL AP A relatlimab A] 4 o 37 6 it &
AN 4.6 4~ H BEIERK E 10.1 N H (HR=0.75, 95%CI.:
0.62~0.92, P=0.006)"" | At LAG-3 413 IE Z£ 55 v,
f4E LBL-007, HoA¥ CRC SRR Af b Bl ol 5 anti-PD-1 47744
e BRI S 1 o I PRATAFSE 26, 10645 BELUT
TIM-3 Fil PD-1 3 B 763497 SE R 7 A A2 o TIM-3 i
% TGF-B {38 in T = & k. ¥ TIM-3, TGF-g 5 PD-1/
PD-L1 AHES A 1 @36 97 s T L FE IR ICLs it 32, 45 2 DA
{5 7KF TIM-3 Fil TGF-B Jg4#4iF i CMS4 1 MSI g CRCH
4.4 CRCABXEITANA  HAZRBRAT I ™ P 5% 50 vl [
fik CRC X4t PD-1 B 5 B 4 M4 1) B0 M. AR A e R 97 /D
R, 08/ H s i BLAAR IR AT B BRI R 1 72 TR
5 IR X e Y v ) R L FEZ 4 CRC % T, N6-I
FENRF RNA 2558 1 FRiA S CD8™T 4 i il 2 7 ¢,
Hot 3L N6-H LR -p65-CXCL1/ CXCR2 i 3 Bt e S,
IR S Y A CRC P ) A b, 4541 1L-10
HINT CEA F:5:0% CAR-T 4905 AT CAR-T I 4 41 it
B, #0n) TL-10/TL-10 24K (555 46N CRC IFEERB A
VE RS 367 ISR CAR-T ThREMIE 1 .

5 & iF

T 4if 5 TME & 5B MM EAEF R 5T CRC k&
WA TEEVER, B m T 40 MR G 7 M8 AR A I R I A i 55 .
ICIs HRIUAER M CRC RRUR R, (A PFAL ICIs 15 710
AMMR-CRC F57 %6 BRI BIUA T S 2 ok — AN B i 92 J5 1)
BTG R AT S50 45, 40 TIGIT  LAG-3 1 TIM-3, IE7E 471
PRETIFE . TRIL, B 4L 5T T 45 CRC A1 TME fAH B 4R
FHBLH, #0100 T A0M3E Y7 A R , B 0 b 47 e e 40 G o
FlzgpR kL

S% 3k
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