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Role of cancer-associated
fibroblasts in the progression,
therapeutic resistance and
targeted therapy of oesophageal
squamous cell carcinoma

Mengying Xue', Yusuo Tong', Yaozu Xiong and Changhua Yu*

Department of Radiotherapy, The Affiliated Huaian No.1 People’s Hospital of Nanjing Medical
University, Huaian, China

Oesophageal squamous cell carcinoma (ESCC) is one of the most aggressive
malignant tumours with high morbidity and mortality. Although surgery,
radiotherapy and chemotherapy are common treatment options available for
oesophageal cancer, the 5-year survival rate remains low after treatment. On the
one hand, many oesophageal cancers are are discovered at an advanced stage
and, on the other hand, treatment resistance is a major obstacle to treating
locally advanced ESCC. Cancer-associated fibroblasts (CAFs), the main type of
stromal cell in the tumour microenvironment, enhance tumour progression and
treatment resistance and have emerged as a major focus of study on targeted
therapy of oesophageal cancer.With the aim of providing potential, prospective
targets for improving therapeutic efficacy, this review summarises the origin
and activation of CAFs and their specific role in regulating tumour progression
and treatment resistance in ESCC. We also emphasize the clinical potential and
emerging trends of ESCC CAFs-targeted treatments.
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1 Introduction

Oesophageal cancer (EC) is one of the most prevalent gastrointestinal malignant
tumours, ranking eighth in worldwide tumour incidence and sixth in death (1). It is
categorised into two mainr histological subtypes: oesophageal squamous cell carcinoma
(ESCC) and oesophageal adenocarcinoma (EAC) (2).The most prevalent kind of EC, that
take account over 90% of all EC occurrences, is ESCC. Because the early symptoms are not
evident, over 70% ESCC patients are detected at the stage of advanced tumour, which
results in poor 5-year survival rates (3). Early EC can be treated via endoscopic resection

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1257266/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257266/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257266/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257266/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257266/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1257266&domain=pdf&date_stamp=2023-10-20
mailto:1131603215@qq.com
https://doi.org/10.3389/fonc.2023.1257266
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1257266
https://www.frontiersin.org/journals/oncology

Xue et al.

and radical oesophagectomy (4). Treatment options for locally
advanced ESCC include radical oesophagectomy and radical
synchronous chemo-radiotherapy (CRT) (5). In addition, patients
with locally advanced EC require multidisciplinary treatment (6),
such as simultaneous neoadjuvant CRT to shrink the tumour
followed by surgical resection (7). Overall, the treatment of EC
requires the close cooperation of multiple treatment strategies.
Despite progressive advancements in the treatment of EC,
therapeutic efficacy and prognosis remain poor among most
patients with advanced EC owing to EC development and
treatment resistance. Moreover, these patients have a 5-year
survival rate of less than 20% (8). Therefore, understanding of EC
is necessary for developing or optimising treatment strategies to
enhance patients’ quality of life.

The tumour microenvironment (TME) refers to the
environment surrounding tumour cells. It mainly includes
peripheral blood vessels, stromal cells (including cancer-
associated fibroblasts [CAFs] and endothelial cells), immune cells,
non-cellular components (such as cytokines and growth factors),
hormones and the extracellular matrix(ECM) (9-12). CAFs are an
essential part of TME and have different sources and phenotypes
that regulate cancer progression and treatment response (13). In
addition, CAFs engage in strong crosstalk with cancer cells and
involve in a number of biological processes, including wound
healing, inflammation, tumour initiation, tumour progression and
immune rejection, which may lead to treatment failure, especially
resistance to chemotherapy and radiation therapy (14, 15).
Consequently, CAFs are crucial in fostering the growth of
tumours. Cancer cells can induce the transformation of normal
fibroblasts (NFs) to CAFs in order to foster the development of an
immunosuppressive and pro-survival microenvironment (16).
Owing to these characteristics, CAFs are the primary stromal cells
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affecting tumour growth and are excellent targets for the treatment
of tumours (17).

Elucidating the mechanisms underlying EC progression,
propagation and treatment resistance and exploring therapeutic
strategies targeting CAFs are promising approaches to improving
treatment outcomes in EC. Therefore, this review aimed to
contribute to the existing knowledge on CAFs and summarise
potential therapeutic strategies that focus on CAFs for
EC treatment.

2 Origins and activation of CAFs

Numerous studies have demonstrated the heterogeneity and
complexity of the CAF population. It’s plausible that the CAFs’
heterogeneity results from their several potential cellular ancestries.
CAFs develop from various progenitors, including NFs, epithelial
and endothelial cells, pericytes and bone marrow-derived cells
(Figure 1) (18). CAFs may develop from NFs that have been
stimulated by tumor cells in the area. Mesenchymal stem cells
(MSCs) from bone marrow can also develop into CAFs in addition
to natural sources (19). CAFs can also originate from epithelial cells
via epithelial-mesenchymal transition(EMT) (20) and from
endothelial cells via endothelial-mesenchymal transition(EndMT)
(21). Pericytes and other transdifferentiated cells are less frequent
progenitors of CAFs (22). The diversity of CAF sources contributes
to the development of diverse CAF subtypes expressing various
markers (23). These subtypes perform distinct activities and are
associated with the classification of EC, thereby influencing clinical
symptoms and prognosis.

CAFs stimulate tumour formation, and tumour cells
produce CAFs. CAFs interact with tumour cells to create a
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FIGURE 1

Origins and activation of cancer-associated fibroblasts. CAFs may come from a variety of biological origins, including bone marrow MSCs (via EMT,
recruitment, and activation), normal fibroblasts (through activation), epithelial cells (through EMT), endothelial cells (through EndMT), and pericytes
(through trans-differentiation), among others. Activation of dormant fibroblasts can be induced by inflammatory cytokines and other factors, as well

as by a number of other routes. Image created with BioRender.com.
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microenvironment that promotes tumour progression, invasion,
metastasis and treatment resistance. Numerous researches have
revealed that cancer cells can transform NFs to activated CAFs.
Some fibroblast activators, including tumour growth factor-beta
(TGF-B) and interleukin-6 (IL-6), are involved in cellular signalling
pathways through the corresponding receptors, and their
expression is linked to the formation of CAF subtypes with
improved synthetic and secretory capabilities.

TGF-P is a well-known fibroblast activator. Fang et al. (24)
analysed sequencing data extracted from The Cancer Genome Atlas
and RNA microarray data (GSE53625) and stimulated ESCC cell
lines with or without TGFB1. They found that the excessive
expression of laminin subunit gamma 1 (LAMCI1) in ESCC cells
affects the outcome of patients. TGF-B1 can increase the expression
of LAMCI by activating SMAD family member 4 (SMAD4) and
SP1. LAMCI promotes the formation of inflammatory CAFs
(iCAFs) by the CXCR2-PSTAT3 axis and increases CXCL1
secretion. iCAFs promote tumour growth both in vivo and vitro.
IL-6 facilitates the interaction between tumour cells and CAFs by
enhancing fibroblast activation and tumour cell proliferation.
Besides, Chen et al. (25) demonstrated that expression of
Annexin Al (ANXAI) produced by normal oesophageal epithelial
cells acts as a ligand molecule that can control and maintain NF
homeostasis by interacting with the receptor formyl peptide
receptor type 2 (FPR2) on fibroblasts. As a result of reduced
ANXA1-FPR2 signalling between precancerous/malignant
epithelial cells and fibroblasts, the promotion of the conversion of
NFs to CAFs was enhanced by increased TGF- production in
ESCC TME.

Karakasheva et al. (26) reported that IL-6 expression was
upregulated in co-cultured ESCC cells and CAFs. Chronic
inflammation leads to NFs to activate and transform into CAFs.
CAFs not only secrete high levels of IL-6 but also promote IL-6
secretion from tumour cells. IL-6 activates the corresponding
receptor IL-6R on tumour cells and CAFs by means of autocrine-
paracrine, which leads to differential activation of the STAT3 and
MEK/ERK signalling pathways, resulting in tumour development.

Exosomes secreted by tumour cells may contain functional
DNA fragments and coding and non-coding RNAs and other
components. Additionally, they can deliver active growth factors
and cytokines to induce fibroblasts’ activation and differentiation.
Tong et al. (27) reported that IncRNA POU3F3 was transported
from ESCC cells to NFs by exosomes and regulated the activation of
fibroblasts. Activated fibroblasts further enhanced the progression
of ESCC cells by secreting IL-6. These findings suggest that
exosomes secreted by ESCC cells can improve the activation of
NFs to CAFs.

Fang et al. (28) found that urokinase-type plasminogen
activator (PLAU) secreted by ESCC cells contributed the
transformation of fibroblasts to iCAFs and improved the
expression and secretion of IL-8 through the urokinase-type
plasminogen activator receptor (uPAR)-Akt-NF-xB pathway.
Conversely, IL-8 released by CAFs promoted the upregulation of
PLAU in tumour cells, thereby accelerating the development
of ESCC.
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NADPH oxidase 5 (NOX5) is overexpressed in the tumour
tissues of ESCC patients, and this overexpression has negative
association with the development and prognosis of ESCC. Chen
et al. (29) demonstrated that NOX5 triggered intra-tumoural Src/
nuclear factor-B signalling to promote the secretion of tumour
necrosis factor- alpha (TNF-o), IL-1B and lactate in tumour cells.
Additionally, these tumour cells altered the cytokine of activated
CAFs, which further boosted the activation of NFs or mesenchymal
stem cells (MSCs) to CAFs and stimulated lymphangiogenesis to
promote ESCC progression. Consequently, TNF-o, IL-1f and
lactate stimulated CAF activation and promoted the production
of IL-6, IL-7, IL-8, CCL5 and TGF-B1 in CAFs, which in turn
promoted the growth of ESCC cells that were positive for NOXS5.
Therefore, cytokine networks can promote tumour growth by
facilitating communication between ESCC cells and associated
stromal cells.

ESCC cells is significant in the development of CAFs. They can
stimulate the transformation of NFs to CAFs through specific
mechanisms. Activated CAFs can adapt to tumour cells and co-
evolve with them to support the development, multiplication,
infiltration and metastasis of ESCC cells through various
signalling pathways, including paracrine signalling.

3 Mechanisms of CAFs in the
progression of ESCC

CAFs have a higher metabolic activity and stronger proliferative
ability than NFs. Many tumour signalling pathways are abnormally
activated in CAFs to enhance the progression and spread of
tumours. This section describes the biological behaviour of CAFs
and the mechanisms through which they control tumour growth.
CAFs can not only directly affect tumour cells through paracrine
signalling but also indirectly control immune processes for
regulating immune evasion or metabolism for tumour growth
(13) (Table 1).

CAFs secrete various factors, including TGF-B, IL-6 and
insulin-like growth factor-binding protein 2 (IGFBP2). They can
promote tumour angiogenesis, tumour cell proliferation and
tumour invasion by influencing several signalling pathways in the
TME (51).

TGF-B can induce tumour initiation and immune escape by
regulating cancer cell-ECM interactions (52). Fang et al. (24)
reported that TGF-P1 upregulated LAMCI1 by activating SP1 and
SMAD4 in a synergistic manner. Through Akt-NF-kB-MMP-9/14
signalling, LAMC1 promoted the multiplication, infiltration of
tumour cells, increased CXCL1 production and enhanced the
development of iCAFs, resulting in enhanced tumour growth
both in vitro and in vivo. Furthermore, Du et al. (30) reported
that hydrogen peroxide-inducible clone 5 (HIC-5) was substantially
expressed in CAFs isolated from the tumour stroma of patients with
ESCC. Knockout of HIC-5 in CAFs restrained the migratory and
invasive capabilities of ESCC cells in vitro. Mechanistically, HIC-5
enhances the migratory and invasive capabilities of ESCC cells
through regulating cytokine production and altering the ECM. It is
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TABLE 1 Mechanisms through which CAFs promote biological processes in ESCC.

Perspectives Mediators = Mechanisms References
To enhance tumour TGF-B Upregulates LAMCI by activating SP1 and SMAD4 Fang et al. (24)
progression,
proliferation and HIC-5 Regulates cytokine production and alters the ECM Du et al. (30)
metastasis . o . .
NOX 5 Promotes the production of TNF-a, IL-1P and lactate by activating Src/NF-kB signalling Chen et al. (29)
MT2A Promotes IGFBP2 production and secretion through the NF-xB, AKT and ERK signalling pathways | Shimizu et al. (31)
POSTN Stimulates ADAM17 activity by activating the integrin otvp3 or the avB5-ERK1/2 pathway Ishibashi et al. (32)
CCL5 Promotes the growth of ESCC cells both in vitro and in vivo through ERK1/2 signaling Dunbar et al. (33)
PLAU Increases the expression of IL-8 via the uPAR/Akt/NF-kB pathway Fang et al. (28)
uPA Enhances ESCC cell growth, proliferation, migration and invasion by the PI3K/Akt and ERK Tian et al. (34)
signalling pathways
PAI-1 Induces cell migration and invasion through LDL receptor-associated protein 1 Sakamot et al. (35)
IncRNA Transforms NFs to CAFs through exosomes and stimulates the proliferation and cisplatin resistance | Tong et al. (27)
POU3F3 in ESCC cells via the production of IL-6
miR-3656 Activates the PI3K/Akt and B-catenin signalling pathways by regulating ACAP2 downregulation Jin et al. (36)
LINC01410 Promotes EMT by upregulating miR-122-5P and increasing the expression of PKM2 Shi et al. (37)
mir-100-5p Stimulates lymphangiogenesis through IGF1R/PI3K/AKT axis and aids in the spread of tumor Chen et al. (38)
lymph nodes
exosomal boostes oesophageal cancer cells’ ability to proliferate, invade, and migrate Wang et al. (39)
proteins
Sonic Enhances the growth and migration of oesophageal cancer cells Zhao et al. (40)
Hedgehog
To evade immune PD-1/PD-L1 Facilitates tumour cell survival by helping the cells to evade recognition by T cells Qiu et al. and
surveillance Higashino et al. (41, 42)
M2 Suppresses antitumour immune responses and secrets anti-inflammatory molecules including TGF- Sakamoto et al. (35)
macrophages B, IL10 and Arginasel as well as PD-L1 and PD-L2
IDO Promotes immune escape by inducing apoptosis of T and NK cells and enhancing Treg activity Cui et al. (43)
M-MDSCs Induces paracrine and autocrine functions of IL-6 to activate STAT3 signalling Zhao et al. (44)
TILs CAFs form an immune microenvironment by promoting the migratory and invasive capabilities of Kato et al. (45)
FoxP3 TILs while suppressing the infiltration of CD8 TILs
WNT2 Restores antitumour T cell responses and improves the efficacy of anti-PD-1 treatment Huang et al. (46)
FGF2 and Impairs T cell activity and promotes ESCC progression Chen et al. (47)
SPRY1
To participate in Reverse Some epithelial cancer cells metabolically supported the growth of adjacent stromal fibroblasts Du et al. (30)
metabolism Warburg
effect
The presence of pro-inflammatory cytokines can stimulate glycolysis, which may lead to the local (48-50)
accumulation of energy-rich metabolites

linked to positive lymph node metastasis and increased TNM
stages. It controls cell migration by regulating cell motility and
the Rho GTPase signalling pathway through TGF-B/Smad
signalling. Upregulated IL-6 can boost the proliferation of CAFs
and ESCC cells by upregulating PSTAT3 and PERK 1/2 expression
and downregulating caspase-3 cleavage, resulting in decreased
apoptosis and increased tumour growth and invasion. According
to Chen et al. (29), NOXS5 increased ESCC cell production of TNF-,
IL-1, and lactate via triggering Src/NE-B signaling. In addition,
NOX5 stimulated CAFs to secrete IL-6, IL-7, IL-8, CCL5, and TGE-
1. The NOX5-positive ESCC cells’ malignant behavior was sped up
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by these CAF-secreted cytokines. These CAFs-secreted cytokines
accelerated the pernicious behaviour of NOX5-positive ESCC cells.
Shimizu et al. (31) reported that metallothionein 2A (MT2A) was
substantially expressed in CAF-like cells. By the NF-B, AKT, and
ERK signaling pathways, MT2A boosts the synthesis and release of
IGFBP2 in CAF-like cells and encourages the migratory and
invasive properties of ESCC cells.Additionally, MT2A takes part
in tumour cell expansion, invasion and migration in ESCC. CAFs
accelerate the development of tumours by secreting TGF-f and IL-
6. Ishibashi et al. (32) demonstrated that periostin (POSTN) was
significantly expressed by CAFs in ESCC tissues and that the CAF-

frontiersin.org


https://doi.org/10.3389/fonc.2023.1257266
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xue et al.

cultured medium substantially enhanced the migratory, invasive,
proliferative and colony formtion capabilities of ESCC cells in a
POSTN-dependent way. CAF-derived POSTN stimulates the
activity of a disintegrin and metalloproteinase 17 (ADAM17) by
activating the integrin owvPB3 or ovB5-ERK1/2 pathway, thus
contributing to the growth, proliferation, invasion and metastasis
of ESCC. By using unbiased cytokine arrays, Dunbar et al. (33)
discovered CC motif chemokine ligand 5 (CCL5) that is elevated
during co-culture of ESCC cells and CAFs. Lack of CCL5 produced
by tumor cells prevented the growth of ESCC cells both in vitro and
in vivo through lowering ERK1/2 signaling. Additionally, it
decreases the percentage of CAFs in vivo recruited by xenograft
tumors. CCL5 is a ligand for the CC motif receptor 5 (CCR5), for
which maraviroc has received clinical approval. The use of
maraviroc decreases tumor volume, CAF recruitment, and ERK1/
2 signaling. Low-grade oesophageal cancer has a bad prognosis
when CCL5 or CCR5 expression is high.

The PLAU system includes PLAU, uPAR and plasminogen
activator inhibitor-1 (PAI-1) (53). Through a proteolytic pathway,
intracellular signalling and chemokine activation, this system
regulates cell adhesion, growth, proliferation, invasion, metastasis
and other functions (54). PLAU which is overexpressed in
numerous tumours serves as essential for the growth and spread
of tumours. According to Fang et al. (28), PLAU stimulated the
expression of fibroblasts to iCAFs and increased the conversion of
IL-8 by the uPAR/Akt/NF-xB pathway. In addition, IL-8 produced
by CAFs stimulated the increased reflection of PLAU in tumour
cells, thus accelerating the development of ESCC. Tian et al. (34)
used an antibody array and identified uPA as one primary protein
with high secretion in CAFs in contrast to NFs. uPA was primarily
distributed in the boundary of tumour and stromal tissues, tumour
nest stroma and tumour body. Elevated interstitial uPA levels were
related to tumour infiltration and overall survival(OS) in ESCC
patients. Through the PI3K/Akt and ERK pathways, uPA promoted
ESCC cell progression and metastasis. Sakamoto et al. (35) found
that CAF-like cell-derived PAI-1 promoted the migration and
invasion of ESCC cells and macrophages through LDL receptor-
associated protein 1 (LRP1), a receptor of PAI-1.

Exosomes are small extracellular vesicles that play a crucial role
in intercellular communication. They can transfer various
biomolecules for example lipids, proteins and messenger and
non-coding RNAs, which can induce the activation of CAFs and
promote cell proliferation, invasion, migration and survival (55).
Exosomes are found in different body fluids and act as important
mediators of the crosstalk of CAFs with tumour cells (56). As
mentioned earlier, exogenous IncRNA POU3F3 secreted by ESCC
cells can trigger NFs to CAFs through exosomes, thereby mediating
fibroblast activation (27). Activated fibroblasts can stimulate the
progressive, migratory and invasive capabilities of ESCC cells by
releasing IL-6. Jin et al. (36) reported that exosomes secreted by
CAFs possess a high concentration of HSA-miR-3656 mRNA,
which enhances the proliferative, migratory and invasive
characteristics of ESCC cells. Exosomal miR-3656 stimulates the
PI3K/Akt and B-catenin signalling transductions by suppressing
ACAP?2, thereby promoting cancer progression. Except microRNAs
(miRNAs), exosomal IncRNAs can contribute to CAF-mediated
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promotion of invasive and migratory capabilities of ESCC cells. For
instance, LINC01410 triggered by CAFs-Exo promotes EMT in
ESCC by upregulating miR-122-5P and boosting the production of
pyruvate kinase M2, which leads to tumour metastasis (37).
Otherwise, Chen et al. (38) found that mir-100-5p is produced by
CAF and is present in exosomes. It stimulates lymphangiogenesis
through IGF1R/PI3K/AKT axis and aids in the spread of tumor
lymph nodes. According to Wang et al. (39), CAF-derived
exosomes greatly boosted oesophageal cancer cells’ ability to
proliferate, invade, and migrate. Additionally, they created a risk
profile using exosomal proteins generated from CAF and
discovered that the prognosis for the high-risk group was much
poorer, indicating that exosomal proteins produced from CAF may
be used as an independent prognostic indicator. They also noticed a
substantial relationship in the study population between risk ratings
and immune cell infiltration, immunotherapy response, and
chemotherapy sensitivity.

The Hedgehog signalling pathway is crucial in controlling
differentiation and proliferation of tumours during vertebrate
embryogenesis, and its involvement has also been observed in
several cancers, including ESCC. Zhao et al. (40) reported that
Sonic Hedgehog is strongly produced in CAFs lysis solution,
conditioned medium of cultured CAFs and exosomes generated
from CAFs. Cyclopamine’s inhibition of the Hedgehog signaling
pathway reduced the tumour-promoting capacity of CAFs. These
findings imply that exosomes derived from CAFs elevate the
proliferation and metastasis of ESCC cells via the Sonic Hedgehog
pathway. By secreting exosomes, CAFs can regulate tumour cells’
behavior. However, tumour cells can modify NFs by secreting
exosomes that deliver cytokines and activate pathways to create a
favourable microenvironment for their survival and progression.

CAFs significantly influence the immunological milieu of
cancer tissues primarily by promoting tumourigenesis by
inducing chronic swelling and reducing the immune system’s
response to tumours (57). TME consists of numerous immune
cell types, such as antitumour cytotoxic T cells, regulatory T cells
(Tregs), natural killer (NK) cells, dendritic cells, M1 and M2
macrophages and immunosuppressive myeloid-derived
suppressor cells (MDSCs). CAFs have a tight relationship with
immune and tumour cells. Resident fibroblasts surrounding tumour
cells are usually the major source of CAFs, which can be induced by
various growth factors secreted by tumour cells, such as TGF-3 (58).
In addition, CAFs can communicate with immune cells that have
infiltrated the tumor within the TME by releasing a variety of
cytokines, growth factors and other relative molecules, thereby
producing an growth-promoting and immunosuppressive TME
that allows cancer cells to evade immune surveillance (16).
Therefore, CAFs take a significant part in the formation of the
immune microenvironment (59).

Immunosuppressive cells may be attracted by and differentiated
by CAFs. The PD-1/PD-L1 pathway promotes tumour cell survival
by helping the cells to evade T cell recognition. Qiu et al. (41) found
that PD-L1 expression was upregulated in CAFs in ESCC. The
proliferation and migration of ESCC cells and peripheral blood
monocyte-derived macrophage-like cells were both boosted by
CAF-like cells, according to an indirect co-culture experiment
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involving human bone marrow-derived MSCs and ESCC cells. In
addition, CAF-like cells triggered M2 polarisation, and
macrophage-like cells were actively involved in suppressing
antitumour immune responses (42). Monocytes are attracted by
CAFs, which then induce them to acquire an immunosuppressive
phenotype. They allow M2 macrophages to provide an
immunosuppressive microenvironment conducive to tumour
progression by triggering anti-inflammatory molecules including
TGEF-B, IL-10, Arginasel and PD-L1 and PD-L2 (35). The
immunosuppressive factor indoleamine Indoleamine 2,3-
dioxygenase (IDO) (43) promotes immune escape by inducing
apoptosis of T and NK cells and increasing Treg activity. IDO is
manifested by CAFs and endothelial cells in the tumor stroma of
ESCC, which raises the possibility that ESCC cells can avoid
immune surveillance by way of CAFs that express IDO. MDSCs
are heterogeneous cells that inhibit immune responses, including
the effector functions of T cells and NK cells, under pathological
conditions (60, 61). Zhao et al. (44) found that co-activation of
STATS3 signalling by the paracrine and autocrine actions of CAF-
derived IL-6 increased the production of mononuclear myeloid-
derived suppressor cells (M-MDSCs), which promoted tumour
proliferation and chemotherapy resistance by suppressing
immune responses. 140 esophageal cancer cases in total were
examined by THC from Kato et al (45) for CAFs and CD8(+) or
forkhead box protein 3 (FoxP3(+)) TILs. CAFs were found to
have a negative relationship with CD8 TILs and have a
positive relationship with FoxP3 TILs in intra-tumour tissues.
Consequently, CAFs could create an immune microenvironment
by promoting the migratory and invasive capabilities of FoxP3 TILs
while preventing CD8 TILs’ infiltration. Correspondingly, Huang
et al. (46) demonstrated a negative relationship between WNT2
CAFs and activated CD8 T cells in basic ESCC cells. In addition, in
mice ESCC and colorectal cancer homologous tumor models, the
anti-WNT2 monoclonal antibody greatly restored anti-tumour T-
cell responses and enhanced the therapeutic effect of anti-PD-1
treatment. Chen et al. (47) demonstrated a strong correlation
between the expression of FGF2 and Sprouty RTK signalling
antagonist 1 (SPRY1) in EC. FGF2 overexpression in CAFs
dramatically increased SPRY1 expression, impaired T cell activity
and accelerated ESCC progression, suggesting that CAFs are crucial
in the development of an immunosuppressive TME (62).

Overall, CAFs is essential in creating an immunosuppressive
TME through various mechanisms, including recruitment of
immunosuppressive cells, induction of differentiation and
interaction with immune cells. Therefore, novel immunotherapies
targeting CAFs may be beneficial for the treatment of ESCC.

CAFs are involved in metabolic processes in ESCC through
numerous factors, such as cytokines, metabolites, and extracellular
vesicles (63). When nutrients are insufficient to support
tumorigenesis in the initial stages of tumor growth, CAFs use the
tricarboxylic acid cycle (TCA) to produce energy to support
biological functions. The’reverse Warburg effect’ is a term used to
describe this phenomenon (64).

Du et al. (30) altered several metabolic pathways based on
RNA-seq analysis of comparative HIC-5-knockdown of CAFs verus
control CAFs. Some epithelial cancer cells metabolically supported
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the growth of adjacent stromal fibroblasts (reverse Warburg effect).
Its data indicated that several metabolic pathways including FoxO
and AMPK signalling pathways were altered by silencing HIC-5 in
CAFs, suggesting that HIC-5 participates in communication
between CAFs and cancer cells by affecting metabolite synthesis.
CAFs differentiate into myofibroblasts and aerobic glycolysis is used
by CAFs to create lactate and pyruvate. These energy-rich
metabolites are absorbed by cancer cells and used for the TCA
cycle in the mitochondria. Efficient ATP synthesis creates an
appropriate environment for cancer cells to multiply. Pro-
inflammatory cytokines can accelerate glycolysis (48-50) and
CAF-derived HIC-5 increases the release of cytokines like CCL2,
which may cause the local accumulation of energy-rich metabolites
Altogether, CAF-derived HIC-5 can accelerate cancer growth by
modulating metabolic signalling pathways, promoting
inflammatory states and upregulating glycolysis, thus providing
metabolites to cancer cells. However, the mechanisms through
which metabolic processes contribute to the regulation of EC cell
behaviour remain elusive, and extensive investigation is warranted
to develop novel therapeutic strategies targeting metabolic
processes for inhibiting the malignant evolution and proliferation
of EC cells. Therefore, metabolomics is a promising approach to
developing novel therapeutic strategies for ESCC.

4 Role of CAFs in treatment resistance
in ESCC

ESCC is a highly aggressive malignant tumour with a high
recurrence rate and a low 5-year OS rate (<15%) owing to drug
resistance (8). Therefore, identifying effective therapeutic targets is
necessary for overcoming drug resistance and improving the
survival quality and prognosis of patients with advanced ESCC.

Recent studies have demonstrated that numerous factors in the
TME can contribute to drug resistance. Cytokines are widely found
in TME and play a key role in providing a favourable environment
for tumour progression. In addition to cytokines, chemokines and
their receptors greatly expressed in multiple malignancies are
associated with tumour proliferation, migration, invasion and
metastasis. Zhang et al. (65) demonstrated that CAFs significantly
increased the drug resistance of ESCC cells by secreting TGF-f31.
Furthermore, crosstalk between CAFs and ESCC cells can
induce the expression and stimulation of FOXOI, which induces
TGF-B1 production through the autocrine/paracrine feedback
mechanism, leading to treatment resistance. TGF-1 expression
in CAFs is significantly linked to the OS of patients receiving
chemoradiotherapy. Therefore, TGF-B1 in CAFs is a desirable
target for reversing chemoresistance. Hence, it can be utilized as a
standalone prognostic factor for patients with ESCC undergoing
chemoradiotherapy. A frequently occurring cytokine called IL-6
promotes communication between tumour cells and their host
microenvironment. Qiao et al. (66) reported that IL-6 released by
CAFs was associated with ESCC cells’ resistance to cisplatin. IL-6
upregulates CXCR7 expression via the STAT3/NF-kB pathway,
promoting ESCC cell proliferation and drug resistance. In
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addition to directly activating the ESCC cells’ drug resistance
phenotype, IL-6 produced by CAFs also indirectly encourages
drug resistance by triggering immunosuppressive M-MDSCs.
Zhao et al. (44) demonstrated that IL-6 released by CAFs and
RNA-21 activated activator of transcription 3 to promote the
production of M-MDSCs. M-MDSCs induced by CAFs promoted
cisplatin resistance in tumour cells. From CAFs pre-treated with
cisplatin, Che et al’s study (67) identified PAI-1, which is a key
cytokine. PAI-1 in the TME promotes tumour progression and
attenuates cisplatin’s therapeutic effects. Caspase-3 activity and the
buildup of reactive oxygen species are inhibited by paracrine PAI-1
activating the AKT and ERK1/2 signalling pathways. Patients with
ESCC with high PAI-1 expression in CAFs have significantly poor
Progression-Free-Survival (PES). As was already noted, exogenous
IncRNA POU3F3, which is produced by ESCC cells and regulates
fibroblast activation, can go from ESCC cells to NFs through
exosomes. By secreting IL-6, activated fibroblasts aid in ESCC
cells’ progression and cisplatin resistance.

CAFs secrete multiple cytokines and chemokines that interact
with tumour cells to promote tumour metastasis, progression, and
treatment resistance. CAFs are crucial in regulating how ESCC cells
react to chemotherapy. Therefore, it is the high time to explore the
molecular mechanism of their tumour-promoting activity.

Radiotherapy as a neoadjuvant and radical treatment, which is
also significant. The 5-year survival rate of patients following
radiation is less than 20% due to radiotherapy resistance.
Increasing the radiosensitivity of tumours is beneficial in further
improving the efficacy of treatment,consequently achieving better
control of the tumour,leading to prolong the OS of patients with
ESCC. As radiogenic cells, CAFs enter senescence and release
various cytokines and chemokines that facilitate tumour cells
survive after radiation. Furthermore, CAFs can trigger EMT,
ECM remodelling and autophagy in tumour cells, which makes
them resistant to radiation.

Chemokines and cytokines is significant in the interaction
between CAFs and tumour cells. Zhang et al. (68) used a human
chemokine/cytokine array and observed high expression levels of
CXCLI in CAFs. CXCL1 secreted by CAFs inhibited the expression
of superoxide dismutase-1, resulting in raised ROS accumulation
after radiation, enhanced DNA damage repair and mediated
radiation resistance. In addition, CXCL1 secreted by CAFs
mediated radiation resistance by activating the MEK/ERK
pathway. The crosstalk between CAFs and ESCC cells further
enhances radiation resistance by inducing CXCL1 expression via
an autocrine/paracrine signalling pathway.

The expression of IncRNAs are aberrant in multiple human
diseases, such as cancer (69). IncRNAs participate in ESCC (42) by
detecting DNA damage, repairing damaged DNA, transmitting
damage signals, triggering the cell cycle checkpoints and causing
cell apoptosis (70). By modulating DDR, Zhang et al. (71) found
that IncRNA DNM3OS significantly induced radiation resistance in
vitro and vivo. CAFs enhanced the expression of DNM3OS through
the PDGFb/PDGFRb/FOXO-1 signalling pathway.

Altogether, CAFs is critical in determining the outcome of
ESCC cells to chemotherapy and radiation therapy. They can
secrete cytokines, chemokine and growth factors that promote
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tumour cell survival and proliferation or activate signalling
pathways that lead to resistance to chemotherapy or radiotherapy.
CAFs can remodel the ECM, impairing immune cell infiltration or
making it more difficult for drugs to penetrate the tumour. In
addition, CAFs can stimulate tumour angiogenesis or induce EMT,
leading to higher aggressiveness and metastasis. Therefore,
targeting CAFs is a potential approach for overcoming treatment
resistance in various cancer. In-depth studies are warranted to
investigate the molecular basis of CAFs’ tumour-promoting
activities and develop novel treatment strategies targeting them to
overcome drug resistance in patients with advanced ESCC. Overall,
CAFs are potential targets for reversing chemoresistance and
improving OS rates in ESCC. The promotion of chemo- and
radio-resistance of ESCC cells by CAFs was summarized in
Figures 2, 3 and Table 2.

5 Value of CAFs in predicting
ESCC prognosis

Identifying prognostic markers for EC is important because the
disease is life-threatening and has an impact on treatment efficacy
(Table 3). Proteins identified in CAFs may function as prognostic
indicators for EC in addition to their roles in carcinogenesis,
proliferation, angiogenesis,migration, invasion, and dissemination.
Immature CAF phenotypes and alpha smooth muscle actin (-
SMA), a CAF marker, have been concerned in the lower survival of
patients with ESCC and EAC, respectively (60, 80).

Cheng et al. (72) collected samples from 95 patients with ESCC
who underwent oesophagectomy and stained them with an SMA-
specific antibody to evaluate the abundance of CAFs.In comparison
to the CAF-rich group, which had a 3-year OS rate of 42%(P<0.01),
the CAF-poor group had a 3-year OS rate of 63% (P<0.01).
According to univariate and multivariate Cox analyses of 3-year
OS, the hazard ratio of CAF density in the CAF-poor group was 1.870
(95% CI, 1.033-3.385; P = 0.039), while CAF-rich group’ data was
2.196 (95% CI, 1.150-4.193; P = 0.017), indicating that CAF density
was a reliable independent predictor of 3-year OS. These findings
suggest that CAF density serves as a marker for predicting therapeutic
efficacy and prognosis in ESCC. Increased CD10 expression in ESCC
patients has been in correlation with inferior tumour differentiation,
OS and disease-free survival (DES) (73). Fu et al. (74) researched 51
tumour samples from ESCC patients who underwent surgery without
receiving prior care. CAF-derived Wnt2 was significantly associated
with lymph node metastasis. Patients with high Wnt expression also
had a shorter median survival time (16 months) than patients with
Wnt2-negative ESCC (16 months). According to Ozawa et al’s
research (75), the protein expression of TGFBI was enhanced in
fibroblasts, and this elevated expression served as an independent
predictor of OS. Lymph node metastasis is a characteristic
characteristic of cancer, and combating metastasis to achieve better
therapeutic outcomes is difficult. Lymph node metastasis is a
significant poor prognostic factor for EC. Fibroblast-activating
protein (FAP), a CAF marker, has been positively connected with
lymph node metastasis in clinical samples (76). Higashino et al. (42)
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CAFs promote the chemoresistance of ESCC cells. CAFs contribute to drug resistance and tumour metastasis through multiple factors. Image
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FIGURE 3

CAFs promote the radiation resistance of ESCC cells. CAFs can secrete cytokines, chemokine and growth factors that promote tumour cell survival
and proliferation or activate signalling pathways that lead to radiation resistance. Image created with BioRender.com.

subjected ESCC tissues to immunohistochemical staining and
observed a significant correlation between the production of two
CAF markers, 0-SMA and FAP, and the depth of tumour invasion,
lymph node metastasis, advanced clinical stage, progressed
pathological stage and poor prognosis. The chromosomal band
2p22.3 contains latent transforming growth factor B-binding
protein 1 (LTBP1), which takes role in the formation and release of
latent TGF-B1. In addition, LTBP1 contributes significantly to
tumourigenesis. In ESCC, lymphatic metastasis has been favorably
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linked to overexpression of LTBP1 (77). In CAFs isolated from the
tumor stroma of ESCC patients, HIC-5 is substantially expressed.
Hign HIC-5 expression in the tumour stroma has been linked to
tumour invasion, lymph node metastases and advanced pathological
stage. Du et al. (30) recognized stromal HIC-5 as a risk factor for
lymph node metastasis in ESCC. Treatment strategies targeting CAFs
can lessen lymph node metastasis and enhance EC patients’
prognosis. Patients with ESCC who express high PAI-1 in CAFs
have significantly poorer PFS (67). Additionally, a poor prognosis in
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TABLE 2 Role of CAFs in treatment resistance in ESCC.
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Treatment Mediators Results References
resistance
Chemoresistance TGF-B1 induces the expression and activation of FOXO1, which induces TGF-B1 expression through an Zhang et al.
autocrine/paracrine feedback loop, leading to treatment resistance (65)
IL-6 upregulates CXCR?7 expression through the STAT3/NF-«B pathway, promoting ESCC cell proliferation Qiao et al. (66)
and drug resistance
activates activator of transcription 3 to promote the production of M-MDSCs, promoting resistance to Zhao et al. (44)
cisplatin in tumour cells
PAI-1 promotes tumour growth and attenuates the therapeutic effects of cisplatin Che et al. (67)
exogenous promotes the proliferation and cisplatin resistance of ESCC cells by secreting IL-6 Tong et al. (27)
IncRNA POU3F3
Radiotherapy CXCL1 increases ROS accumulation after radiation, enhances DNA damage repair and mediates radiation Zhang et al.
resistance resistance by activating the MEK/ERK pathway (68)
IncRNA conferres significant radiation resistance in vitro and in vivo by regulating DDR and the PDGFb/ Zhang et al.
DNM30S PDGFRb/FOXO-1 signalling pathway (71)

TABLE 3 CAFs are potential pathological indicators of EC prognosis.

Histological

subtypes

Selection of
cases

Results Prognosis

Predictive
value

Reference

ESCC

95 patients with ESCC
who underwent
oesophagectomy (2007)

153 ESCC samples

3-year OS Inverse
(%) correlation
with OS

CAF- 63

poor

group

CAF- 42

rich

group

Increased CD10 expression was associated with poor tumour
differentiation, OS and DES

CAF density may serve as a
marker for predicting
therapeutic efficacy and
prognosis

CD10 overexpression may
serve as an independent poor
prognostic factor

Cheng et al.
(72)

Lee et al. (73)

51 tumour sample from
ESCC patients who
underwent surgery
without preoperative
treatment

Median CAF-derived Wnt2 was significantly
survival associated with lymph node metastasis,
time and patients with high Wnt2
(months) expression had shorter median
survival time

Wnt2- 16

positive

ESCC

Wnt2- 51

negative

ESCC

Wnt2 promotes tumour
growth and invasion

Fu et al. (74)

102 ESCC samples

Patients in the high-TGFBI-expression group (n = 16) had more
frequent haematogenous recurrence than the low-TGFB1-
expression group (n = 86)

TGEFpI expression may serve
as an independent predictor
of OS.

Ozawa et al.
(75)

FAP+ CAFs were strongly associated with lymph node metastasis

CAFs may serve as a
prognostic
factor

Kashima et al.
(76)

A total of 70 surgically
removed human ESCC
tissue samples were
collected between 2005
and 2010

The expression of two CAF markers, 0-SMA and FAP, was linked to the depth of tumour invasion,
lymph node metastasis, advanced clinical stage, progressed pathological stage and poor prognosis

Higashino
et al. (42)
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TABLE 3 Continued

Selection of Results

cases

Histological

subtypes

Prognosis

10.3389/fonc.2023.1257266

Predictive Reference

value

152 patients
metastasis in ESCC (p = 0.002)

Patients with ESCC who
underwent surgical
resection

High PAI-1 expression was associated with poor PFS

Increased stromal uPA levels (132/146 cases) were associated with
tumour invasion (p < 0.05) and OS (p < 0.05) in ESCC

Overexpression of LTBP1 was positively linked to lymphatic

HIC-5 overexpression in the tumour stroma was associated with
positive lymph node metastases and a higher TNM stage

LTBPI plays an oncogenic Cai et al. (77)
role in ESCC progression
and may serve as a potential

therapeutic target for ESCC

HIC-5 is a risk factor for
lymph node metastasis in
ESCC

Du et al. (30)

PAI-1 in CAFs is a potential (35, 67)

prognostic factor for ESCC

uPA may serve as a Tian et al. (34)
predictive marker for the
diagnosis and prognosis of
ESCC and an effective

therapeutic target

189 formalin-fixed and
paraffin-embedded tissue
samples

A strong correlation was observed between poor clinical outcomes
and the concurrent expression of Twistl and other CAF markers

Twistl may serve as a novel Yeo et al. (78)
CAF marker for predicting
the prognosis of ESCC and is

a potent therapeutic target

171 patients
and RFS (P = 0.03).

High POSTN expression was associated with poor OS (P = 0.0001)

High POSTN expression is Ishibashi et al.
an independent prognostic (79)
factor for ESCC

EAC 183 patients with EAC 0os DFS (months) POSTN may be an Underwood
(months) independent prognostic et al. (80)
factor for EAC
POSTN- 46.8 47.45
positive
tumours
POSTN- 76.45 80.67
negative
tumours
200 patients with EAC Podoplanin-expressing CAFs were positively associated with short Schoppmann
who underwent surgery OS (42 versus 105 months) and mean DFS (42 versus 89 months) et al. (81)

ESCC has been linked to elevated PAI-1 and LRP1 expression (35).
Tian et al. (34) used an antibody array and identified uPA whose
release was higher in CAFs than in NFs. Increased stromal uPA levels
(132/146 cases) were associated with tumour invasion (p < 0.05) and
OS (p < 0.05) in patients with ESCC. Yeo et al. (78) demonstrated a
favourable association between Twistl expression and CAF markers
including PDGFR, 0.-SMA, tenascin-C and FSP1. Additionally, there
was a substantial correlation between poor clinical outcomes with the
simultaneous expression of Twistl and other CAF markers. POSTN,
which actively contributes to inflammation and carcinogenesis, is
largely released by CAFs in the TME. A study (79) reported a
direact correlation between high POSTN expression and poor OS
(P = 0.0001) and recurrence-free survival (RFS) (P = 0.03).

The abovementioned studies suggest that CAFs and some
factors secreted by CAFs can serve as potential prognostic
markers for ESCC.

In a study, CAF-derived POSTN was identified as a reliable
indicator of survival in EAC patients. An increase in o-SMA
expression resulted in an increase in POSTN expression,
suggesting that CAFs released POSTN. In addition, OS (46.80
versus 76.45 months) and DFS (47.45 versus 80.67 months) were
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shorter among patients with POSTN-positive tumours than among
those with POSTN-negative tumours (80). The transmembrane
sialoglycoprotein podoplanin may serve as a prognostic factor for
EAC. Schoppmann et al. (81) reported that podoplanin-expressing
CAFs had a positive connection with shorter OS (42 versus 105
months) and mean DFS (42 versus 89 months) in patients with
EAC who underwent surgery. Altogether, the high expression of the
abovementioned proteins predicted a adverse prognosis irrespective
of the disease.

6 Application of CAFs in the treatment
of ESCC

Owing to their multiple tumour-promoting functions, CAFs
represent promising therapeutic targets for cancer. Theoretically,
either directly targeting CAFs to deplete and eliminate them or
reprogramming CAFs to a normal fibroblast phenotype can inhibit
their tumour-promoting effects. In addition, indirectly inhibiting
the communication between CAFs and neighbouring cells
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attenuates the tumour-promoting fuctions of CAFs. Although
several promising results have been reported, CAF-targeting
therapy is challenging owing to the heterogeneity of CAFs and
the lack of CAF-specific markers.

6.1 Direct depletion or inactivation of CAFs

Numerous studies have attempted to develop strategies for
inactivating or depleting CAFs. These strategies mostly target
indicators present on the CAF surface, such as FAP and o-SMA.
ESCC has been successfully treated with targeted therapeutic
strategies that incorporate FAP, a typical CAF biomarker (82).
Various therapeutic formulations, some of which are undergoing
clinical trials, have been developed to target FAP-positive CAFs,
including DNA vaccines, tumour-lysing adenoviruses and
nanoparticles (83-85). Regarding nanoparticles, Zhen et al. used
ferritin to bind to particular single chain variable segments of FAP.
Nanoparticle-based photoimmunotherapy(nano-PIT), is the name
of this method. Nano-PIT directly and successfully destroys cancer
cells while sparing healthy tissue from harm. Additionally,
nanoparticles reduce CXCL12 production and ECM deposition to
control t-cell rejection, which effectively suppresses tumor growth.
The utilization of direct targeting of nanoparticles for CAF
treatment is promising and safe. Hence, eliminating the tumour-
promoting effects by targeting FAP -positive CAFs is a viable
strategy that may improve the prognosis of patients with ESCC.

Katsube et al. (86) devised FAP-targeted near-infrared
photoimmunotherapy (NIR-PIT). NIR-PIT is an innovative
method that can be utilized to precisely and directly deplete FAP-
postive CAFs in the TME. NIR-PIT prevented tumour growth in
vivo without resulting in negative consequences (87). Compared
with 5-fluorouracil (5-FU) monotherapy, combination therapy with
anti-FAP + CAFs and 5-FU can overcome chemoresistance. In
addition, dual-targeted NIR-PIT has been used in other studies (88)
for attacking both tumour cells and CAFs. It has demonstrated
better therapeutic effects in vitro and vivo compared with single-
targeted NIR-PIT. Therefore, dual-targeted NIR-PIT might
represent an effective cancer treatment technique.

The high expression of FAP in CAFs can aid in the
advancement of pan-tumour molecular visualization methods in
contrast to having therapeutic implications (89). In recent studies,
the use of gallium-68-labelled small-molecule FAP inhibitors
(FAPIs) as a PET tracer has demonstrated advantages over
fluorodeoxyglucose PET in the detection of malignancy in
patients containing FAP+ cells (90, 91). Furthermore, FAPI-PET
offers a better representation of the objective volume for scheduling
radiation therapy (92). In light of this, FAPI-PET, a unique
molecular visualization tool that can be utilized to predict the
therapeutic outcome of anti-FAP CAF-targeting therapy, may
improve the diagnosis and treatment of ESCC.

A disadvantage limiting the accuracy of the abovementioned
strategies is that none of the surface markers, such as FAP, are
uniquely expressed by fibroblasts. In this context, fibroblast-specific
surface proteins such as CD10 and GPR77 can serve as unique
human CAF subpopulations with pro-tumour functions (93).
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Therefore, identifying more accurate markers is necessary for
more effective targeting and better protection of normal cells.

Preclinical and clinical studies have demonstrated that some
natural products can directly or indirectly target CAFs to exert
therapeutic effects. These products interfere with the activation,
differentiation and tumour-promoting functions of CAFs and
tumour-stromal crosstalk. In addition, they can inhibit ECM
remodelling and the paracrine function of CAFs (94). However,
most studies investigating the potential of natural products in
targeting CAFs are at the experimental stage. Several technical
challenges, including as bioavailability, water solubility, and
accuracy, limit the availability of these products.

CAFs play an integral function in promoting tumour
progression. Nevertheless, clinical trials verifying the effectiveness
of directly targeting CAFs are lacking, the genesis and functional
significance of unique CAF subpopulations remain unclear and
their ecological niches differ in various tumour types. Therefore, for
rapid development of CAF-specific diagnostic or prognostic
protocols and CAF-targeting therapies, in-depth genome
sequencing should be used to understand the molecular landscape
offibroblasts. Although most biological characteristics of CAFs have
been modelled in vitro, it has been consistently established that
CAFs in culture do not completely mimic CAF heterogeneity in vivo
(95-97). Over time, the addition of animal models may provide
further insights into the origin, formation, plasticity and phenotype
of CAFs. To this end, emerging technologies like single-cell RNA
sequencing (98-101) should be used to identify additional
subpopulations of CAFs and their cellular interactions and
understand the heterogeneity and plasticity of CAFs. In addition,
these techniques can be used to selectively eliminate subpopulations
of pro-tumour CAFs or reverse their pro-tumour activity. These
strategies may be used alone or in conjuction with other strategies of
therapy. The development of novel technologies may facilitate the
identification of more precise targeted therapies.

6.2 Neutralisation of functional molecules
secreted by CAFs

The neutralization of functional components secreted by CAFs
is a different approach for eradicating their tumour-promoting
activities, as opposed to direct diminution or elimination of
CAFs. Many studies have identified functional molecules of CAFs
as potential targets for inhibiting the progression of EC.

IL-6, an important cytokine released by CAFs, can promote the
development of ESCC. It mediates the interaction between tumour
cells and CAFs by boosting tumour cell progression as well as by
promoting fibroblast activation. Karakasheva et al. (26) found that
loss of IL-6 inhibited tumourigenesis in vitro and in vivo, suggesting
that IL-6 receptors and downstream eftectors represent promising
targets for the treatment of upper gastrointestinal cancers. Novel
inhibitors targeting IL-6, the IL-6 receptor or signalling molecules
related to IL-6 have entered clinical and/or preclinical trials
involving patients with cancer (102-105).

Additionally, SDF-1 frequently acts as a mediator in the

interaction between CAFs and tumour cells. Clinical
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investigations have assessed the antitumour effects of inhibiting
CAF-secreted SDF-1 signaling (106, 107).

Blocking CAF- released molecules, like IL-6, can eliminate the
pro-tumourigenic effects of CAFs and help to overcome drug
resistance and improve prognosis in patients treated with
chemotherapy or radiotherapy. Overall, drugs that target CAF
signalling and effectors have become a significant addition to
cancer-specific therapies for a broad variety of solid tumours. The
therapeutic efficacy of numerous agents in cancers such as lung
cancer, rectal cancer, head and neck cancer and pancreatic ductal
carcinoma is being researched in preclinical and clinical trials.
However, clinical trials involving patients with EC are less
frequently performed, and further clinical investigations are
required to optimize the theoretical basis of treatment. In addition,
more specific druggable molecular targets that modulate CAF
signalling should be examined in mechanistic and functional studies.

Altogether, targeting CAFs is a promising approach to treating
EC. CAFs s significant in promoting tumour growth and have been
shown to contribute to treatment resistance. Direct depletion or
inactivation of CAFs by targeting surface markers like FAP
represents a potential therapeutic strategy. In addition, natural
compounds have shown promising outcomes in preclinical and
clinical studies. The tumour-promoting effects of CAFs can be
reduced by indirectly neutralising some functional molecules of
CAFs. However, the heterogeneity of CAFs remains a major
obstacle to achieving precise targeting. Novel technologies
including single-cell sequencing and bioinformatics can assist
researchers better understand of heterogeneity of CAFs and
facilitate the development of more precise targeted therapies.
Overall, developing therapeutic strategies targeting CAFs is
important for improving treatment outcomes in EC.

7 Conclusion

CAFs play an important role in the TME. The phenotype,
characteristics and heterogeneity of CAFs have been investigated in
many studies. This review provided insights into the origin and
activation of CAFs and summarised the various roles of CAFs in
modulating tumourigenesis and treatment resistance. Numerous
CAF-targeting therapies are undergoing clinical or preclinical trials
at present.

However, the heterogeneity of CAFs is a major challenge to
treatment, and advanced technologies such as single-cell sequencing
and bioinformatics should be used to improve our understanding of
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