Gastrointestinal Oncology

Baishideng Publishing Group Inc



World Journal of
(]- ¢ Gastrointestinal
Oncology

Jaishideng

Contents Monthly Volume 16 Number 7 July 15, 2024

EDITORIAL

2867  Oncolytic virotherapy for hepatocellular carcinoma: A potent immunotherapeutic landscape
Xiao R, Jin H, Huang F, Huang B, Wang H, Wang YG

2877  Can the preoperative prognostic nutritional index be used as a postoperative predictor of gastric or
gastroesophageal junction adenocarcinoma?
Feng YW, Wang HY, Lin Q

2881  Esophageal cancer: A global challenge requiring tailored strategies
Cheng CY, Hao WR, Cheng TH

2884  Effectiveness of transarterial chemoembolization in combination with lenvatinib and programmed cell
death protein-1 inhibition for unresectable hepatocellular carcinoma
Chisthi MM

2888  Maximizing therapeutic outcomes in hepatocellular carcinoma: Insights into combinatorial strategies
Ilhan Y, Ergun Y

2894  Human p-defensin-1 activates autophagy in human colon cancer cells via regulation of long non-coding
RNA TCONS_00014506
Eid N, Davamani F
REVIEW

2902  Role of molecular biology in the management of pancreatic cancer
Boileve A, Smolenschi C, Lambert A, Boige V, Tarabay A, Valery M, Fuerea A, Pudlarz T, Conroy T, Hollebecque A,
Ducreux M
MINIREVIEWS

2915  Advances in immunotherapy of M2 macrophages and gastrointestinal stromal tumor
Wang XK, Yang X, Yao TH, Tao PX, Jia GJ, Sun DX, Yi L, Gu YH
ORIGINAL ARTICLE
Case Control Study

2925  Disparities in the diagnosis and treatment of colorectal cancer among patients with disabilities
Kim KB, Shin DW, Yeob KE, Kim SY, Han JH, Park SM, Park JH, Park JH
Retrospective Study

2941  Effectiveness and safety of sequential transarterial chemoembolization and microwave ablation for
subphrenic hepatocellular carcinoma: A comprehensive evaluation
Zhu ZY, Qian Z, Qin ZQ, Xie B, Wei JZ, Yang PP, Yuan M

. WIGO | https://www.wjgnet.com I July 15,2024 | Volume16 | Issue7



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

2952

2960

2971

2988

2999

3011

3032

3055

3069

3082

3097

3118

3158

Combined use of dexmedetomidine and nalbuphine in laparoscopic radical gastrectomy for gastric cancer

Zhao GG, Lou C, Gao RL, Lei FX, Zhao J

Development and validation of a nomogram for predicting lymph node metastasis in early gastric cancer

He JY, Cao MX, Li EZ, Hu C, Zhang YQ, Zhang RL, Cheng XD, Xu ZY

Observational Study

Comprehensive serum proteomics profiles and potential protein biomarkers for the early detection of
advanced adenoma and colorectal cancer

Tan C, Qin G, Wang QQ, Li KM, Zhou YC, Yao SK

Clinical and Translational Research

Network pharmacology- and molecular docking-based exploration of the molecular mechanism
underlying Jianpi Yiwei Recipe treatment of gastric cancer

Chen P, Wu HY

Survival disparities among racial groups with hepatic malignant tumors

Han D, Zhang ZY, Deng JY, Du HB

Adipocytes impact on gastric cancer progression: Prognostic insights and molecular features

Shang JR, Zhu J, Bai L, Kulabiek D, Zhai XX, Zheng X, Qian J

Integrated single-cell and bulk RNA sequencing revealed an epigenetic signature predicts prognosis and
tumor microenvironment colorectal cancer heterogeneity

Liu HX, Feng J, Jiang JJ, Shen WJ, Zheng Y, Liu G, Gao XY

Causal effects of genetic birth weight and gestational age on adult esophageal diseases: Mendelian
randomization study

Ruan LC, Zhang Y, Su L, Zhu LX, Wang SL, Guo Q, Wan BG, Qiu SY, Hu S, Wei YP, Zheng QL

Prognostic significance of exportin-5 in hepatocellular carcinoma

Li H, Li F, Wang BS, Zhu BL

BCAR3 and BCAR3-related competing endogenous RNA expression in hepatocellular carcinoma and their
prognostic value

Shi HQ, Huang S, Ma XY, Tan ZJ, Luo R, Luo B, Zhang W, Shi L, Zhong XL, Lii MH, Chen X, Tang XW

Glycolysis-related five-gene signature correlates with prognosis and immune infiltration in gastric cancer

Meng XY, Yang D, Zhang B, Zhang T, Zheng ZC, Zhao Y

Basic Study

Kombo knife combined with sorafenib in liver cancer treatment: Efficacy and safety under immune
function influence

Cao Y, Li PP, Qiao BL, Li QW

Yiqi Jiedu Huayu decoction inhibits precancerous lesions of chronic atrophic gastritis by inhibiting NLRP3
inflammasome-mediated pyroptosis

Zhou P, Zheng ZH, Wan T, Liao CW, Wu J

Jaishiden,

o WIGO | hittps://www.wijgnet.com 1l July 15,2024 | Volume16 | Issue?



World Journal of Gastrointestinal Oncology
Contents
Monthly Volume 16 Number 7 July 15, 2024
3169  Multi-Omics analysis elucidates tumor microenvironment and intratumor microbes of angiogenesis
subtypes in colon cancer
Yang Y, Qiu YT, Li WK, Cui ZL, Teng S, Wang YD, Wu J
3193  Baitouweng decoction suppresses growth of esophageal carcinoma cells through miR-495-
3p/BUB1/STAT3 axis
Yang H, Chen XW, Song XJ, Du HY, Si FC
3211  Weiwei Decoction alleviates gastric intestinal metaplasia through the olfactomedin 4/nucleotide-binding
oligomerization domain 1/caudal-type homeobox gene 2 signaling pathway
Zhou DS, Zhang WJ, Song SY, Hong XX, Yang WQ, Li JJ, Xu JQO, Kang JY, Cai TT, Xu YF, Guo SJ, Pan HF, Li HW
3230  Aldehyde dehydrogenase 2 family member repression promotes colorectal cancer progression by
JNK/p38 MAPK pathways-mediated apoptosis and DNA damage
Yu M, Chen Q, Lu YP
3241  RBMb) suppresses proliferation, metastasis and glycolysis of colorectal cancer cells via stabilizing
phosphatase and tensin homolog mRNA
Wang CX, Liu F, Wang Y
3256  Immune effect and prognosis of transcatheter arterial chemoembolization and tyrosine kinase inhibitors
therapy in patients with hepatocellular carcinoma
Guo Y, Li RC, Xia WL, Yang X, Zhu WB, Li FT, Hu HT, Li HL
3270 N6-methyladenosine modification of hypoxia-inducible factor-1a regulates Helicobacter pylori-associated
gastric cancer via the PI3K/AKT pathway
An TY, Hu QM, Ni P, Hua YQ, Wang D, Duan GC, Chen SY, Jia B
3284  Canopy FGF signaling regulator 3 affects prognosis, immune infiltration, and PI3K/AKT pathway in colon
adenocarcinoma
Gao XC, Zhou BH, Ji ZX, Li Q, Liu HN
META-ANALYSIS
3299  Clinical and pathological features of advanced rectal cancer with submesenteric root lymph node
metastasis: Meta-analysis
Wang Q, Zhu FX, Shi M
3308  Clinical benefits of transarterial chemoembolization combined with tyrosine kinase and immune
checkpoint inhibitors for unresectable hepatocellular carcinoma
Han F, Wang XH, Xu CZ
SCIENTOMETRICS
3321  Research trends and hotspots in the immune microenvironment related to hepatocellular carcinoma: A
bibliometric and visualization study
Zhang DY, Bai FH
Guieidenge  VVIGO | hittps://www.wijgnet.com 11 July 15,2024 | Volume16 | Issue7 |



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

3331

3341

3350

3357

CASE REPORT
Gastric cancer metastatic to the breast: A case report

Liu JH, Dhamija G, Jiang Y, He D, Zhou XC

Rare infiltrative primary hepatic angiosarcoma: A case report and review of literature

Lin XJ, Luo HC

Metachronous multifocal carcinoma: A case report

Wan DD, Li XJ, Wang XR, Liu TX

BRAF K601E-mutated metastatic colorectal cancer in response to combination therapy with encorafenib,
binimetinib, and cetuximab: A case report

Sasaki M, Shimura T, Nishie H, Kuroyanagi K, Kanno T, Fukusada S, Sugimura N, Mizuno Y, Nukui T, Uno K, Kojima Y,
Nishigaki R, Tanaka M, Ozeki K, Kubota E, Kataoka H

3364

LETTER TO THE EDITOR
Challenges in early detection and endoscopic resection of esophageal cancer: There is a long way to go

Liu S, Chen LX, Ye LS, Hu B

Jaishiden,

o VGO | https://www.wjgnet.com IX July 15,2024 | Volume16 | Issue?



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 7 July 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Meysam Ebrahimifar, MSc, PhD, Research
Assistant Professor, Department of Toxicology, Islamic Azad University, Isfahan 1477893855, Iran.
ebrahimifar67@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World | Gastrointest Oncol) is to provide
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic
and clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, efc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE,
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China
Science and Technology Journal Database, and Superstar Journals Database. The 2024 edition of Journal Citation
Reports® cites the 2023 journal impact factor (JIF) for W]GO as 2.5; JIF without journal self cites: 2.5; 5-year JIF: 2.8;
JIF Rank: 71/143 in gastroenterology and hepatology; JIF Quartile: Q2; and 5-year JIF Quartile: Q2. The WJGO’s
CiteScore for 2023 is 4.2 and Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: S7 Zhao; Production Department Director: Xiang I; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5204 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
February 15, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5204/ editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
July 15, 2024 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

63%9@ WJGO | https://www.wjgnet.com X July 15,2024 | Volume16 | Issue7


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v16.i7.2915

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2024 July 15; 16(7): 2915-2924

ISSN 1948-5204 (online)

MINIREVIEWS

Advances in immunotherapy of M2 macrophages and
gastrointestinal stromal tumor

Xiao-Ke Wang, Xin Yang, Tong-Han Yao, Peng-Xian Tao, Guan-Jun Jia, De-Xian Sun, Lin Yi, Yuan-Hui Gu

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B
Novelty: Grade B

Creativity or Innovation: Grade B
Scientific Significance: Grade B

P-Reviewer: Glumac S, Croatia

Received: March 18, 2024
Revised: May 16, 2024
Accepted: May 28, 2024
Published online: July 15, 2024

Processing time: 115 Days and 24
Hours

Jaishideng

., WIGO | https://www.wjgnet.com

Xiao-Ke Wang, Xin Yang, Tong-Han Yao, The First School of Clinical Medical, Gansu University
of Chinese Medicine, Lanzhou 730000, Gansu Province, China

Peng-Xian Tao, Yuan-Hui Gu, Department of General Surgery, Gansu Provincial Hospital,
Lanzhou 730000, Gansu Province, China

Guan-Jun Jia, Lin Yi, School of Traditional Chinese and Western Medicine, Gansu University of
Chinese Medicine, Lanzhou 730000, Gansu Province, China

De-Xian Sun, Graduate School, Qinghai University, Xining 810016, Qinghai Province, China
Co-corresponding authors: Lin Yi and Yuan-Hui Gu.

Corresponding author: Yuan-Hui Gu, Doctor, Chief Doctor, Surgeon, Surgical Oncologist,
Department of General Surgery, Gansu Provincial Hospital, No. 204 Donggang West Road,
Lanzhou 730000, Gansu Province, China. guyuanh@163.com

Abstract

Gastrointestinal stromal tumors (GIST) are the most common mesenchymal-
derived tumors of the GI tract. They can occur throughout the GI tract, and the
survival time of some patients can be improved by first-line targeted therapy with
imatinib. However, there are some limitations with imatinib treatment. Immuno-
therapy for GIST has attracted much attention in recent years, and as one of the
most abundant cells in the GIST microenvironment, M2 macrophages play an
important role in disease progression. They have unique anti-inflammatory and
pro-tumorigenic effects and are one target for immunotherapy. This review
summarizes the connection between different factors and the programmed death
receptor-1/programmed death ligand-1 pathway and M2 macrophages to
reactivate or enhance anti-tumor immunity and improve imatinib efficacy, and to
provide new ideas for GIST immunotherapy.

Key Words: Gastrointestinal stromal tumor; M2 macrophage; Inflammatory response;
Programmed death receptor-1; Programmed death ligand-1; Imatinib; Immunotherapy;
Targeted therapy
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Core Tip: The place of imatinib in gastrointestinal stromal tumor (GIST) treatment is indisputable, but it has some limitations
and is not accepted by all patients. In this review, we summarize the interaction between M2 macrophages and the
programmed death receptor-1/programmed death ligand-1 pathway, which can improve the efficacy of imatinib by
reactivating or enhancing the anti-tumor effect of the host immune system and provide new ideas for GIST immunotherapy.
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INTRODUCTION

Gastrointestinal stromal tumors (GIST) are the most common mesenchymal tumors of the GI tract[1]. The biological
behavior of GIST ranges from benign to malignant, and the global incidence is 10-15 cases per million per year, and they
are seen predominantly in middle-aged and older people, with a median age of onset in the 60 seconds, and an even sex
distribution[2]. The most common site of occurrence is the stomach (60%-70%), followed by the small intestine (20%-25%),
colon and rectum (5%) and esophagus (< 5%)[2,3]. Surgery remains the mainstay of curative treatment for GIST, but
adjuvant therapies with targeted agents such as imatinib have become particularly important when metastasis occurs or
when surgery is not possible due to large tumor size. Tumor immunotherapy is a rapidly developing and promising
cancer treatment that harnesses the host's immune system to inactivate relevant tumor cells. The presence of large infilt-
ration of immune cells into the GIST tumor tissue makes it possible to activate the anti-tumor effects of the host immune
system by stimulating these immune cells. This may become a new strategy to enhance GIST monotherapy with imatinib.
As the main immunosuppressive cells in the tumor microenvironment (TME), M2 macrophages mainly suppress immune
responses by secreting chemokines and cytokines. They have important implications for tumor progression. Therefore, in
this review, we explore and discuss the roles of M2 macrophages in GIST tumor progression and examine the current
application of combined immunotherapy and imatinib targeting therapy to inhibit M2 macrophages. This discussion aims
to provide therapeutic ideas and targets for improving the immunosuppressive GIST microenvironment, thereby
enhancing the efficacy of immunotherapy and improving patient prognosis.

TUMOR-ASSOCIATED MACROPHAGES

The TME is of significant consequence in the context of human tumor progression. Macrophages are one of the most
abundant normal cells in the TME and are a “double-edged sword”, as they mediate cytotoxicity and phagocytosis,
causing vascular damage and tumor cell necrosis. They also promote tumor cell survival and proliferation, angiogenesis,
and inhibit innate and adaptive immune responses through a variety of mechanisms to promote tumor progression and
metastasis[4] (Figure 1). The polarization of macrophages in tumors is a complex process due to the complexity of the
TME. Macrophages will only transition into tumor-associated macrophages (TAMs) under specific environmental
conditions[5]. Inhibitory cytokines released by tumor cells in the TME or receptors from tumor-infiltrating macrophages
in contact with immune checkpoint proteins on tumor cells cause macrophages to differentiate into M2-type macrophages
[6]. TAMs can help tumor cells evade immune surveillance and clearance by establishing an immunosuppressive
microenvironment[7]. For example, in non-small cell lung cancer (NSCLC), the brain is a common site of metastasis. The
TME in brain metastasis is suppressed to decrease CD4 T cells and M1 TAMs and increase M2 TAM infiltration[8]. These
results indicate that the density of TAMs is related to the poor prognosis of malignant tumors[6], in which M2 TAMs
predominate.

The relationship between TAMs and malignant tumors has become increasingly obvious. TAMs directly impact
relevant cancer cells by transferring some noncoding RNA and other substances via exosomes. For example, TAM-
derived miR-21-5p and miR-155-5p enter colorectal cancer cells, promoting colorectal cancer cell motility and cancer
invasion and migration[9]. By evading CD8 cells, LINC01232 can promote immune escape of glioma cells[10], miR-23a-3p
enhances hepatocellular carcinoma (HCC) metastasis by promoting epithelial-mesenchymal transition (EMT),
angiogenesis, and vascular permeability[11]. Finally, the IncRNA ADPGK-AS] alters the phenotypic status of TAMs to
promote lung cancer progression[12]. TAMs produce a variety of cytokines that influence tumor cells[13]. TAM-derived
IL-6 increases the expression of CC ligand 2 (CCL2) and EIF4A3 in tumor cells, which results in increased proliferation
and invasion of breast cancer cells[14]; TAMs also promote HCC cell resistance to sorafenib via chemokine CXC ligand
(CXCL) 1 and CXCL2[15]. In addition, TAMs can also indirectly affect relevant tumor cells by regulating TME using other
immune cells. Among them, high levels of chemokine CCL22 secreted by TAMs can inhibit T cell proliferation and
activity, thus promoting tumor cell growth[16] (Figure 2). Therefore, TAM is a crucial therapeutic target for a range of
cancers, with implications for tumor diagnosis and prognosis[17]. GIST tissues are mainly infiltrated by a large number of
macrophages and T cells[18], where macrophages are predominantly M2 TAMs and T cells are predominantly CD3 and
CD8 T cells and a small number of forkhead box (Fox) p3 T regulatory (Treg) cells[19]. It is clear that the presence of M2
TAMs is crucial in influencing the course of GIST.
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Microvesicles M
Exosomes %:\;Vm
¥

Early endosome —>

ucleu 7N

L
Mitochondria ysosory Cargo-loading exosomes 4
‘apparatus

- | 'o?

L2
acrophage | ‘

o ccL2 KS\“.{@ |
/ @ cxc1 Tumour cells

3 CXCL2
e @ ccL22

Figure 2 Tumor-associated macrophages can promote tumor cell progression through a variety of pathways. CCL: CC ligand; CXCL: CXC
ligand; miRNA: MicroRNA; ncRNA: Non-coding RNA; TAM: Tumor-associated macrophage.

M2 TAMs have anti-inflammatory and tumor-promoting effects

It is well established that inflammation plays a significant role in the development of tumors and is regarded as one of the
defining characteristics of cancer. TAMs are among the most prevalent inflammatory cells in the TME of GIST, and it is
important to objectively evaluate their role in the disease. TAMs are activated and polarized into two main subpopu-
lations under specific circumstances: M1 TAMs and M2 TAMs, both of which play different roles in the TME[20]. M1
TAMs can be induced by microbial products or proinflammatory cytokines, and in terms of cellular functions, M1 TAMs
have proinflammatory and anti-tumorigenic roles. M1 TAMs exert their anti-tumorigenic activity by phagocytosis of
tumor cells, by exposure of tumor cell antigens and their presentation to T cells, as well as by the production of
proinflammatory cytokines [interleukin (IL)-1f, IL-18, interferon (IFN)-y, and tumor necrosis factor (TNF)-a]. In contrast,
the inflammatory factors IL-4 and IL-13 bind to the IL-4Ra receptor and induce M2 TAMs, but unlike the M1 phenotype,
M2 TAMs tends to have pro-tumorigenic roles in anti-inflammation, recruitment of Treg cells and induction of
angiogenesis[7,17]. Despite the homology between the M1 and M2 phenotypes, they are distinct in their functional roles,
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yet closely interrelated and interdependent.

Inflammation induces production of M2 TAMs

In the early tumor stage, M1 TAMs initiate an inflammatory response together with other immune cells, while in the
advanced tumor stage, M1 TAMs are transformed into M2 TAMs[21]. This also implies that the inflammatory response
can respond to different tumor stages, whereas a large number of M2 TAMs suppresses the inflammatory response and
also largely predict tumor progression. Metastatic GIST have approximately twice the number of macrophages as
primary GIST, and high levels of M2 TAMs induce the emergence of a large number of Treg cells[19], which affect tumor
progression by suppressing the local cytotoxic immune response. A low CD8 T/Foxp3 Treg cell ratio has previously been
found to be a significant independent poor prognostic factor in cervical cancer[22]. A low ratio of cytotoxic T cells/Treg
cells suggests the presence of an immunosuppressive microenvironment within the tumor, whereas the ratio of the two in
GIST is lower than that of cervical cancer, suggesting that there is a more potent microenvironment of immunosup-
pression[19]. Inflammation and the hypoxic environment of tumor tissues lead to aggregation of a large number of
macrophages, and hypoxia is the main driver of tumor angiogenesis. A large number of TAMs recruited by chemokines,
such as CCL2, CCL5, and CXCL12, aggregate in peritumoral blood vessels, which are mainly responsible for tumor
angiogenesis[23,24], and in this case, the TAMs are more skewed towards M2 phenotype[25]. The inflammatory state is
higher at the primary site of metastatic GIST compared to nonmetastatic GIST[18]. This may be because high levels of
proinflammatory factors in inflammation contribute to the generation of M2 TAMs, resulting in a high expression level of
M2 TAMs, which in turn favor metastasis and largely predicts that the associated tumors are progressing or have
progressed and deteriorated. However, the presence of inflammation does not only predict deterioration, but its presence
also has a beneficial side for the patient, such as the chronic inflammatory response that occurs in the tertiary lymphoid
structures (TLSs), including tumors. TLSs are common in localized GIST and seem to be positively correlated with better
OS and lower risk of recurrence[26].

Inflammatory chemokines promote progression of GIST by recruiting TAMs

As the main immunosuppressive cells in the TME, M2 TAMs primarily suppress immune responses by secreting
chemokines and cytokines. For example, inflammatory chemokines such as CCL2, CXCL2, and CCL3 are highly
expressed in GIST[18]. Activation of the CCL2-CCR2 axis promotes TAM recruitment into the TME[27]. It was recently
demonstrated that the invasiveness of breast cancer co-expressing epidermal growth factor receptor (EGFR) and human
EGEFR 2 (HER?2) was associated with the CCL2-induced recruitment of TAMs[28]. Similarly, CCL2 activation and upregu-
lation in GIST lead to TAM recruitment, which in turn affects the TME and promotes tumor progression and metastasis
[29]. CXCL2, a chemokine secreted by M2 TAMSs, promotes invasion, migration, and EMT of tumor cells in GIST. Animal
experiments have demonstrated that CXCL2 promotes hepatic metastasis of GIST in vivo[30]. The matrix protein secreted
protein acidic and rich in cysteine 1 (SPARCL1) is typically downregulated in most cancers, and its expression in GIST is
no exception. A high expression level in the reactive vasculature of both benign and inflammatory lesions has been
shown to be immunoregulatory and pro-immune[31]. In other malignant lesions, SPARCL1 expression is opposite; for
example, SPARCLI is associated with angiogenesis in GIST by accelerating p65 phosphorylation and nuclear translo-
cation, but SPARCL1 expression is negatively correlated with microvessel density in GIST[32]. SPARCL1 is closely
associated with neovascularization in GIST and involved in GIST cell progression. Inhibition of SPARCL1 increases
mRNA expression of the M2 TAM polarization marker CD206 and decreases mRNA expression of M1 TAM polarization
marker CD86 in GIST cells. SPARCL1 knockdown markedly increases the migratory and invasive ability of GIST-882 cells
[32]. This suggests that SPARCL1 alters the TME in which GIST cells survive by affecting TAM polarization and
recruitment and promoting CCL2 release from GIST cells to promote tumor progression. This shows that high SPARCL1
expression in tumor tissues is significant for GIST (Figure 3).

PD-1/PD-L1 can induce M2 TAM polarization

Immune checkpoint inhibitors (ICIs) are a promising form of immunotherapy that are advancing cancer treatment by
blocking the signals that allow cancer cells to evade detection by the immune system. Programmed death receptor-1/
programmed death ligand-1 (PD-1/PD-L1) blockers are one of the most widely investigated therapies to date. They have
gained good results in many cancers, such as non-small-cell lung cancer[33], advanced renal cell carcinoma[34], advanced
melanomal[35], and others. Among them, PD-1 is an inhibitory co-receptor mainly expressed on T cells, and PD-1 can
bind to PD-L1 on tumor cells to effectively inhibit T-cell activity, thus reducing T-cell recognition of tumor cells and
allowing tumor cells to evade immune surveillance[36]. For example, TAMs are increased in patients with multiple
myeloma, where they inhibit cytotoxic-T-lymphocyte function through the PD-1/PD-L1 signaling pathway and are
involved in the occurrence of immune escape of myeloma cells[37]. It is important to emphasize that PD-1 expressed
alone inhibits the activity of antitumor CD8 T cells, promotes the polarization of M2 TAMs, and downregulates the
activity of antigen-specific T cells. M2 PD-1 TAMs increase with time and tumor stage, and the phagocytosis of tumor
cells is reduced, which contributes to tumor growth[38]. PD-L1 T cells infiltrating the tumor act on PD-1 macrophages
within the tumor and induce polarization of M2 TAMs. The interaction between PD-L1 and PD-1 leads to an increase in
protumor immunosuppressive factors, such as IL-10, IL-17, and transforming growth factor (TGF)-B, as well as inhibition
of CD8 T cell activation, expansion, and cytotoxicity[36-39]. PD-1/PD-L1 expression alone or in combination induces M2
TAM polarization to weaken tumor-specific immunity and promote tumor progression.

Anti-PD-1/PD-L1 inhibits M2 TAM polarization
High PD-1/PD-L1 expression is associated with M2 TAM polarization, and treatment with anti-PD-1/PD-L1 antibodies
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Figure 3 Low expression of secreted protein acidic and rich in cysteine 1 in gastrointestinal stromal tumor promotes the proliferation of
blood vessels and tumor cells. CCL: CC ligand; GIST: Gastrointestinal stromal tumor; SPARCL1: Secreted protein acidic and rich in cysteine 1.

reverses the M1/M2 phenotypic switch and elicits the antitumor activity of TAMs with a locally proinflammatory M1-
like phenotype[40]. There is a strong link between macrophage polarization and CD8 T cells, and M2 TAMs promote CD8
T-cell depletion, whereas M1 TAMs restore CD8 T-cell migration and infiltration. Thus, TAM polarization plays a key
role in PD-1/PD-L1 blockade resistance by inducing T-cell rejection[40]. M2 TAMs not only secrete certain biologically
active molecules by affecting the layout of CD8 T cells in tumor tissues, but also interfere with the activation and function
of CD8 T cells through the indoleamine 2,3-dioxygenase (IDO) derived from them, leading to T cell exhaustion and PD-1/
PD-L1 blockade resistance, allowing immune escape of tumor cells to further promote tumor progression[40]. IDO is a
rate-limiting enzyme that catabolizes tryptophan to kynurenine and also induces immunosuppression or participates in
the immune escape of tumor cells through high expression levels in the TME[41], thereby promoting tumor cell survival
and growth. It has been found that IDO is expressed in PDGFRA-mutant GIST and is accompanied by a significant
increase in the number of CD4 cells[42]. In a KitV558A/+ mouse model with confirmed tumors, IDO inhibitors enhance
the anti-tumor effects of imatinib and anti-PD1 antibodies by activating CD8 T cells and inducing Treg cell apoptosis[43].

Correlation between PD-1/PD-L1 and GIST

In GIST, PD-1 is expressed at low levels on T cells, whereas PD-L1 is predominantly found in GIST cells[43]. A previous
study showed that among all sarcoma tissue specimens, GIST had the highest PD-L1 expression[44]. Patients with active
GIST with plasma PD-L1 concentrations above a critical value tend to have a worse prognosis, and plasma PD-L1 has the
potential to serve as a prognostic biomarker for GIST patients[45]. PD-L1 expression is linked to unfavorable prognostic
features, including tumor size, proliferation index, high-risk GIST, and drug resistance. However, there is no association
with RFS, metastasis, and OS[18], demonstrating the importance of PD-L1 expression in GIST. As far as GIST patients are
concerned, the poor efficacy exerted by ICIs in clinical trials and the lack of significant synergism between ICIs and
tyrosine kinase inhibitors (TKIs) may be why their clinical application has not yet been realized. It has been found that the
limited efficacy of PD-1/PD-L inhibitors in GIST may be related to the immunosuppressive TME resulting from
activation of TAMs and the IDO pathway[46]. Nevertheless, it cannot be concluded that ICIs are ineffective in the
treatment of GIST; for example, it seems that patients with PDGFRA D842V mutation and high expression of PD-L1 in
GIST are more likely to benefit from ICIs and should be prioritized[18]. Some studies have shown that the number of CD8
T cells is positively correlated with the expression of PD-L1. In addition, CD8 T-cell numbers are higher in WT non-
gastric GIST, suggesting that these patients may benefit more from PD-1/PD-L1 inhibitors[47]. In addition, since patients
with advanced disease need to be treated with long-term imatinib and multiline TKIs, their anti-tumor immunity is
suppressed and weakened, and ICIs should be administered as early in the disease as possible[18]. The combination of
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anti-PD-1/PD-L1 antibody and imatinib has been found to enhance the anti-tumor effect of imatinib in a mouse GIST
model[43]. Therefore, it is important to explore more reliable markers of ICIs, in the hope that they can be used in
combination with TKIs in sensitive patients to realize a new era of precision immunotherapy.

Imatinib and M2 TAMs

Imatinib (STI571) was first used clinically in 2002 and achieved significant efficacy in the treatment of a patient with
metastatic GI mesenchymal stromal tumor[48]. Since then, GIST treatment with imatinib has entered a new era. Imatinib
works by blocking the KIT pathway to inhibit GIST tumor cell proliferation and survival. It exerts anti-tumor activity by
directly killing GIST tumor cells and indirectly affecting immune cells, especially in patients with large, difficult-to-resect
tumors, locally advanced tumors, and post-operative adjuvant therapy[49]. The efficacy of imatinib as a TKI depends on
the exons involved in KIT and PDGFRA mutations. About 14% of GIST patients initially develop resistance to imatinib,
and about 50% develop resistance after 2 years of treatment[50]. Therefore, it is crucial to analyze the type of mutation
exhibited by GIST before choosing to treat with imatinib. Patients with KIT exon 11 mutations are sensitive to the
standard dose of imatinib (400 mg/d); for exon 9 mutations, the results tend to be suboptimal at the standard dose of
imatinib; and PDGFRA exon 18, D842V, shows high resistance to imatinib[51]. A retrospective cohort study in the
Netherlands found that patients with GIST showed an increase in 1-year net survival, 5-year net survival, and median
overall survival[52], which shows that the widespread use of imatinib has achieved significant efficacy.

Imatinib can induce M2 TAM polarization

Imatinib has been shown to benefit most sensitized patients in the treatment of GIST. It is important to note that imatinib
treatment can be a “double-edged sword” for patients. On the one hand, short-term administration enhances the infilt-
ration and activity of CD8 T cells, dendritic cells (DCs), and natural killer cells, as well as the secretion of IFN-y. It also
decreases the infiltration of Treg cells and expression of PD-L1, thus providing an immunological benefit. On the other
hand, prolonged administration of imatinib polarizes intratumoral M2 TAMs and decreases expression of CD8 T cells,
DCs, and MHC-I, thereby weakening the antitumor response[18]. TAMs in untreated mouse models and imatinib-
resistant GIST are functionally more similar to M1 TAMs, whereas TAMs in sensitive GIST are functionally more similar
to M2 TAMs. This may be because imatinib polarizes TAMs toward M2 phenotype by inhibiting oncogene activity and is
related to TAM phagocytosis of imatinib-induced apoptotic cells, which promotes M2 TAMs[19]. GIST sensitive to
imatinib treatment promotes more TAMs to polarize towards the M2 rather than the M1 phenotype in the long term,
which is often detrimental to patient prognosis. Most patients on imatinib treatment show IDO overexpression, and the
large level of metabolites produced through IDO involvement also makes it more likely for macrophages to be polarized
towards the M2 phenotype, which is a major factor in immune escape[26]. PD-L1 can induce TAM polarization to the M2
phenotype, but imatinib can reduce immune escape by decreasing PD-L1 expression on tumor cells[26], which may be
due to the reduced PD-L1-induced expression of M2 TAMs, thus limiting tumor progression.

Imatinib combined with anti-PD-1 /PD-L1 therapy can inhibit M2 TAM polarization

M2 TAMs in GIST recruit large numbers of Treg cells, independent of CD8 T cells and imatinib treatment[19,43]. It has
been shown that low imatinib concentrations induce the secretion of the anti-inflammatory cytokine IL-10 by M1 TAMs.
This skews the functional expression of M2 TAMs and allows for a significant increase in the number of M2 TAMs and
Treg cells to promote immune evasion[19]. The anti-inflammatory factor IL-10 promotes the transition from M1 to M2
TAMs through positive feedback, but also inhibits the synthesis and expression of proinflammatory cytokines, including
IL-1B, IL-6, TNF, and IFN-y[54]. However, in an in vivo mouse model, combination of anti-PD-1/PD-L1 with imatinib for
1 wk resulted in increased CD8 T cell proliferation and production of inflammatory cytokines (IFN-y) in tumor tissues
compared to treatment with imatinib alone[43]. Anti-PD-L1 treatment reduces the levels of TAM markers such as Arg-1
and increases TAM markers such as iNOS, MHC II, and CD40, and enhances polarization of macrophages towards a
proinflammatory phenotype and inhibition of polarization into anti-inflammatory and immunosuppressive macrophages
that support tumor growth[13]. In GIST, increased IFN-y inhibits the polarization of M1 TAMs toward M2, which in turn
reduces CD8 T-cell depletion as a means to inhibit tumor progression. Anti-PD-1 and anti-PD-L1 altered tumor weight
only in combination with imatinib, and reduced phosphorylated KIT, phosphorylated IDO and TGF-B, whereas IDO
inhibition enhanced the anti-tumor effects of anti-PD-1[43]. In a mouse model of lung cancer, the combination of anti-PD-
1/PD-L1 with an anti-angiogenic drug (apatinib) improved TME, which enhanced the anti-tumor effects of PD-1/PD-L1
inhibitors by inducing polarization of M2 to M1 TAMs[55], which was validated in a later study of brain metastasis in
lung cancer|[8]. In contrast to imatinib alone, the combination of PD-1/PD-L1 inhibitor and imatinib can not only promote
the production of CD8 T cells and IFN-y, but also promote the depletion of Treg cells to inhibit tumor cells and inhibiting
the polarization of M2-TAMs (Figure 4). Thus, the anti-tumor effects of imatinib and anti-PD1 antibody were enhanced,
and the GIST progression and metastasis were further inhibited.

DISCUSSION

GIST is a potentially malignant tumor in the GI tract. Radical resection and TKIs remain the mainstay of treatment for
localized and recurrent/ metastatic GIST, respectively. Although it is well documented that adjuvant therapy with TKIs
prolongs the survival of GIST patients, the singularity of the target makes them still limited, which is a major factor
affecting disease progression. The infiltration of M2 TAMs has a severe immunosuppressive effect on the GIST microen-
vironment and is associated with a variety of substances that participate in the immune escape of tumor cells, thus
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tumor-associated macrophages. IDO: 2,3-dioxygenase; IFN: Interferon; IL: Interleukin; PD-1/PD-L1: Programmed death receptor-1/programmed death ligand-
1; TGF: Transforming growth factor; TNF: Tumor necrosis factor.

exacerbating tumor growth and metastasis. Infiltration of M2 TAMs also plays an important role in tumor development
and progression and is a potential target for immunotherapy. Low concentrations as well as prolonged imatinib
treatment promote M2 TAM polarization, and treatment with ICIs alone fails to achieve clinically significant efficacy.
However, the combination of the two in a mouse model inhibited tumor progression and suppressed M1 to M2
polarization, which in turn reduced M2 TAM infiltration in GIST, thereby inhibiting tumor progression. In conclusion,
M2 TAMs have been identified as potential targets in the immune microenvironment of GIST. Combination therapy of
the two can induce M2 TAMs to M1 conversion or inhibit M1 to M2 TAMs conversion, thereby reducing M2 TAMs infilt-
ration in tumor tissues, enhancing imatinib efficacy while improving the host immune system (Figure 5). However, many
experimental studies are needed to test whether this combination therapy can be truly applied in future clinical work,
with a view to providing a theoretical basis for more effective therapeutic measures for GIST patients.

CONCLUSION

In recent years, immunotherapy in GIST has attracted much attention, and immunotherapy targeting M2 macrophages is
expected to overcome the bottleneck of GIST targeted therapy to more effectively inhibit tumor progression.
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