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Abstract
Background Cancer-associated fibroblasts (CAFs), as key cell populations in the tumor microenvironment (TME), 
play a crucial role in tumor regulation. Previous studies on a prognostic signature of 8 CAF-related genes in head 
and neck squamous cell carcinoma (HNSCC) revealed that Secreted frizzled-related protein 1 (SFRP1) is one of the 
hub genes closely related to CAFs. SFRP1 is deficiently expressed in numerous types of cancer and is classified as a 
tumor suppressor gene. However, the role of SFRP1 in TME regulation in HNSCC remains unclear. This study aimed to 
explore the role of SFRP1 in the proliferation and migration of HNSCC cells by mediating CAFs and their regulatory 
mechanisms.

Methods The expression differences, prognosis, and immune infiltration of SFRP1 in HNSCC were analyzed using the 
TIMER and GEPIA2 databases. The expression of SFRP1 in HNSCC tumor tissues, as well as the expression and secretion 
of SFRP1 in CAFs and tumor cells, were examined. An indirect co-culture system was constructed to detect the 
proliferation, migration, and apoptosis of HNSCC cells, and to clarify the effect of SFRP1 on tumor cells by mediating 
CAFs. Furthermore, the expression and secretion of 10 cytokines derived from CAFs that act on immune cells were 
verified.

Results SFRP1 was differently expressed in HNSCC tumor tissues and highly expressed in CAFs. SFRP1 inhibited the 
proliferation and migration of tumor cells and promoted apoptosis by mediating CAFs. The detection of CAFs-derived 
factors suggested that the mechanism of action of SFRP1 was associated with the regulation of immune cells.

Conclusion SFRP1 inhibits the proliferation and migration of HNSCC cells by mediating CAFs, and the mechanism 
of action is related to the regulation of immune cells, which may provide new research directions and therapeutic 
targets for HNSCC.
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Background
Head and neck squamous cell carcinoma (HNSCC), the 
seventh most common type of cancer, poses an enor-
mous threat and burden to human health [1]. The tumor 
microenvironment (TME) consists of not only cancer 
cells but also epithelial cells, stromal and immune cells, 
along with their surrounding matrix [2]. Cancer-associ-
ated fibroblasts (CAFs), which are fibroblasts with altered 
phenotypes, are the dominant cells in TME and facilitate 
the promotion of tumor proliferation, invasion, angio-
genesis, immune escape, drug resistance, and metastasis 
[3, 4].

CAFs interact with adjacent cells through various 
mechanisms, such as autocrine, paracrine, and direct 
interactions. CAFs interact with tumor-infiltrating 
immune cells and other immune components within the 
TME by secreting various effector molecules, such as 
cytokines, growth factors, and chemokines, thereby pro-
ducing an immunosuppressive TME that allows cancer 
cells to evade immune surveillance [5]. Further research 
on the role of CAFs in TME, especially the regulatory 
mechanism between CAFs and immune cells, is expected 
to provide novel strategies for subsequent targeted 
immunotherapies [6]. In a preliminary study, a prog-
nostic signature for HNSCC, containing 8 genes associ-
ated with CAFs, was constructed and validated. Among 
8 genes, Secreted frizzled-related protein 1 (SFRP1) was 
downregulated as a hub gene in HNSCC compared to the 
control [7].

SFRP1 is an important protein-coding gene that 
belongs to the SFRP family of secreted glycoproteins. As 
a regulator of the Wnt pathway, the loss or down-regu-
lation of SFRP1 expression has been observed in various 
solid tumors [8]. However, the current understanding 
of the roles and potential mechanisms of SFRP1 in the 
TME remains unclear, especially its effects on CAFs and 
immune cells in the TME of HNSCC. Our study found 
that SFRP1 plays a pivotal role in the TME, is closely 
related to CAFs, which are key cells in the TME and 
exerts tumor-regulating effects by mediating CAFs, the 
mechanism of which may be related to the modulation 
of the biological properties of immune cells in the TME. 
These findings may provide new research directions for 
mechanistic studies of SFRP1 and are expected to reveal 
new tumor markers and therapeutic targets, provide new 
perspectives for understanding the complex interac-
tions in the TME of HNSCC, and offer new strategies for 
HNSCC immunotherapy.

Methods
Gene expression analysis
The expression levels of SFRP1 in different human 
tumors and matched paracancer tissues were compared 
using the Tumor Immune Estimation Resource (TIMER, 
https://cistrome.shinyapps.io/timer/). The expression 
levels of SFRP1 in HNSCC and paired normal tissues 
were measured using the Gene Expression Profiling 
Interactive Analysis 2 database (GEPIA2, http://gepia2.
cancer-pku.cn/).

Survival and immune infiltration analyses
Survival analysis was determined using the GEPIA2 data-
base. Patients with HNSCC were included in the over-
all survival analysis based on SFRP1. The relationship 
between SFRP1 and immune cells was explored using the 
TIMER database.

Patients and tissues
All surgical samples were obtained from patients with 
HNSCC treated at the Yantai Yuhuanding Hospital. The 
study protocol was approved by the Ethics Committee 
of Yantai Yuhuangding Hospital (ID: 2022 − 319), and 
informed consent was obtained from the patients. Can-
cer tissue and paracancer tissue (5  mm away from the 
tumor) were obtained by surgery, then rapidly frozen in 
liquid nitrogen and stored at -80 ° C.

Tumor-bearing mice and injection of SFRP1
The xenograft tumor model was established by subcuta-
neously injecting 0.1 mL of 106 SCC7 cells (resuspended 
in PBS) into the flanks of 6-week-old male C57BL/6J 
mice (Jinan Pengyue Laboratory Animal Breeding Co.). 
When visible tumors appeared, mice were divided into 
two groups based on the treatment. BSA or recombinant 
SFRP1 protein was subcutaneously injected at a 2  μg/
mL (50 μL/mice) dose. After administration once a day 
for nine consecutive days, the mice were sacrificed. The 
peripheral blood, xenograft tumors, liver, kidney, and 
spleen were collected from mice for further statistical 
analysis. All mice were bred at the Experimental Animal 
Center of Yantai Yuhuangding Hospital under conditions 
without specific pathogens. All mouse experiments were 
performed according to the guidelines of the Institutional 
Animal Care and Use Committee and were approved by 
the Medical Ethics Committee of Yantai Yuhuangding 
Hospital (ID: 2022 − 319).
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Cell culture
To isolate primary CAFs, human HNSCC cancer tissues 
were cut into 1 mm3 pieces, suspended in DMEM/F12 
medium (Biological Industries, Israel) containing 0.1% 
type I collagenase (Coolaber, China), incubated for 2 h on 
a shaker at 37 °C, filtered through a 70 μm filter, and cen-
trifuged to precipitate the cells (1500  rpm, 5  min). The 
cell precipitates were resuspended in the DMEM/F12 
medium (Gibco, USA) containing 10% fetal bovine serum 
(SenBeiJia Biological Technology, China) and 1% penicil-
lin and streptomycin (Gibco, USA).

Human laryngeal squamous cell carcinoma cell line 
AMC-HN-8 and mouse squamous cell carcinoma cell 
line SCC7 were purchased from ATCC (Virginia, USA) 
and cultured in RPMI 1640 medium (Gibco, USA) con-
taining 10% fetal bovine serum. All the cells were cul-
tured at 37 °C in a 5% CO2 incubator.

Immunohistochemistry
Paraffin sections of HNSCC clinical samples were depa-
raffinized and heat-induced epitope retrieval was con-
ducted in a microwave oven in sodium citrate antigen 
retrieval buffer (EE0005, Sparkjade, China). Primary anti-
SFRP1 antibody (1:25, D160294, Sango Biotech, China) 
was applied to the tissue sections at 4 °C overnight. HRP-
labeled secondary antibodies were applied to the tissue 
sections after three washes with PBST (0.2% Tween in 
PBS). A DAB detection kit (EE0017, Sparkjade, China) 
was used to visualize SFRP1. The nuclei were stained 
with hematoxylin (EE0012, Sparkjade, China). The sec-
tions were dehydrated and blocked with neutral balsam 
(abs9177, Absin, China).

Cellular immunofluorescence
CAFs were fixed with 4% paraformaldehyde and then 
permeabilized with 0.25% Triton X-100, followed by 
blocking in PBS containing 4% BSA. The slides were 
washed with PBS three times and then incubated with 
anti-Vimentin (1:100, abs149750, Absin, China), anti-
α-SMA (1:100, abs130621, Absin, China), and anti-FAP 
antibodies (1:100, abs131443, Absin, China) at 4 °C over-
night. After washing with PBS three times, a fluorescently 
conjugated secondary antibody was added and incubated 
at room temperature in the dark for 2 h, and the DNA-
binding dye 4′,6-diamidino-2-phenylindole dihydrochlo-
ride was added to stain the nuclei for 10  min. Images 
were captured using a fluorescence microscope.

In vitro cell transfection
10 nM FAM-siRNAs (Jikai Gene Biological Inc., China) 
were transfected into CAFs using Lipofectamine 3000 
(Invitrogen, USA) to knock down SFRP1 in CAFs. After 
6  h of transfection, the complete DMEM/F12 medium 
was replaced to continue the culture. After transfection, 

the expression of fluorescent protein expression was 
observed through fluorescence microscopy at 48 h. CAFs 
were collected on the 4th and 7th day to quantify SFRP1 
expression by qPCR. Culture supernatants were collected 
on the 4th day and stored at -80 °C for subsequent assays.

Cell co-culture
CAFs (2 × 105/well) were plated in 6-well plates, and 
AMC-HN-8 cells (3 × 105/well) were plated in 6-well 
Transwell® polyester permeable supports (Corning, USA) 
with 0.4 μm pore size. After 72 h of co-culture, the AMC-
HN-8 cells were collected separately for subsequent cell 
proliferation, migration, qPCR, ELISA, and apoptosis 
assays.

Cell proliferation assay
The co-cultured AMC-HN-8 cells were seeded in a 
96-well culture plate with 5000 cells/well, and cell via-
bility was detected using the CCK-8 assay kit (Spark-
jade, China) at 0, 24, 48, and 72  h. The optical density 
(OD) at 450 nm was recorded after 2 h of incubation for 
measurement.

Wound healing assay
The co-cultured AMC-HN-8 cells were seeded in a 6-well 
culture plate and cultured into a monolayer, and then 
wounds were scraped with a sterile 1 mL tip. The cells 
were photographed under a microscope at 0, 12, 24, and 
48 h. The wound healing areas were calculated using the 
ImageJ software.

Transwell assay
The migratory capacity of the cells was assessed using 
24-well plates. In the upper chamber, co-cultured AMC-
HN-8 cells were seeded in a serum-free medium. Full 
culture medium was supplied to the lower chamber, and 
the chambers were incubated for 24  h. The number of 
migrating cells was counted under a microscope.

qPCR
Total RNA from tissue homogenates and cells was 
extracted using RNAiso Plus (TaKaRa, Japan) accord-
ing to the manufacturer’s instructions. cDNA was syn-
thesized using a PrimeScript RT Reagent Kit and gDNA 
Eraser Kit (TaKaRa, Japan). Quantitative PCR was per-
formed using a TB Green Premix Ex Taq kit (TaKaRa, 
Japan) on an FTC-3000 A fluorescence quantitative PCR 
instrument (Funglyn Biotech, Canada). Gene expression 
levels were quantified using the 2−ΔΔCT method based on 
Ct values and normalized to a reference gene, GAPDH. 
All samples were made in triplicate, and the mean val-
ues were used for comparative analyses (the primers are 
listed in Supplementary Table 1 (Sango Biotech, China)).
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ELISA analysis
The secretion of SFRP1, interleukin-6 (IL-6), and C-X-C 
motif chemokine 12 (CXCL12) in the culture superna-
tants of CAFs were measured using the corresponding 
ELISA kits (ABclone, USA) according to the manufac-
turer’s instructions.

Apoptosis assay
The apoptosis of co-cultured AMC-HN-8 cells was mea-
sured using an apoptosis detection kit (Sparkjade, China). 
The cells were resuspended in 100 μL 1×buffer, 5 μL 
Annexin V-FITC staining solution, and 5 μL PI, and incu-
bated at room temperature in the dark for 10 min. Then 
the cells were detected and analyzed by flow cytometry 
within 1 h of staining.

Statistical analysis
All experiments were made in duplicate and repeated 
three times. All data were analyzed using GraphPad 
Prism software, and the results were expressed as the 
mean value ± standard deviation. Intergroup differences 
were evaluated using an unpaired t-test, and statistical 
significance was set at P < 0.05.

Results
SFRP1 is downregulated in HNSCC tissues
While analyzing the expression levels of SFRP1 in pan-
cancer and normal tissues using the TIMER database, 
we found that SFRP1 expression levels were significantly 
lower in most solid tumors than in paired normal tis-
sues (Fig.  1A). Comparison of the gene expression lev-
els of SFRP1 in HNSCC and paired normal tissues using 
the GEPIA2 database showed that the expression level 
of SFRP1 was significantly downregulated in HNSCC 
tumor samples compared with control samples. And the 
gene expression profile interaction analysis demonstrated 
a higher overall survival rate of HNSCC in the SFRP1 
high-expression group compared with that of HNSCC 
in the low-expression group (Fig.  1B, C). Furthermore, 
we performed immunohistochemical analysis and qPCR 
assay of clinical samples from patients with three types 
of HNSCC, including laryngeal squamous cell carci-
noma (LSCC), hypopharyngeal squamous cell carcinoma 
(HSCC), and nasopharyngeal squamous cell carcinoma 
(NPSCC). The results showed that SFRP1 was expressed 
at low levels in tumor tissues and at high levels in the cor-
responding paracancer tissues (Fig. 1D, E). Thus, SFRP1 
was confirmed to be downregulated in HNSCC in both 
database and clinical samples.

SFRP1 is highly expressed in CAFs
To investigate whether SFRP1 mediated CAFs, it was 
necessary to first confirm the expression of SFRP1 in 
CAFs, and then knockdown of highly expressed SFRP1 in 

CAFs provided a basis for subsequent experiments. First, 
the CAFs in HNSCC were isolated and identified mark-
ers (vimentin, α-SMA, and FAP) (Fig. 2A, B). The qPCR 
results showed that SFRP1 mRNA was highly expressed 
in CAFs and very low in AMC-HN-8 cells. Similarly, 
ELISA results showed that the secretion of SFRP1 was 
significantly higher in CAFs than in AMC-HN-8 cells 
(Fig.  2C, D). Following FAM-siRNA transfection, the 
expression of SFRP1 in CAFs was verified by qPCR on 
the 4th and 7th day after transfection, suggesting the 
high efficiency of FAM-siRNA transfection (Fig.  2E, F). 
SFRP1 was highly expressed in CAFs compared with that 
in AMC-HN-8 cells, and the high expression of SFRP1 in 
CAFs was knocked down by in vitro cell transfection.

SFRP1 inhibited the proliferation and migration of HNSCC 
cells
An indirect co-culture system of CAFs and AMC-HN-8 
cells was constructed to determine whether SFRP1 
regulated the biological functions of AMC-HN-8 cells 
by mediating CAFs. CAFs or CAFs after knockdown 
of SFRP1 were co-cultured with AMC-HN-8 cells and 
subsequent functional analyses were performed after 
72  h (Fig.  3A). The OD450 values of the co-cultured 
AMC-HN-8 cells were measured using CCK-8 assay 
to investigate the effect of SFRP1 on the proliferation 
of AMC-HN-8 cells. The results showed that at 24, 48, 
and 72  h, the OD450 values of the co-cultured AMC-
HN-8 cells with SFRP1-siRNA CAFs were significantly 
higher than those of the co-cultured AMC-HN-8 cells 
with CAFs and higher than those of the control group 
(Fig.  3B), indicating that SFRP1 inhibited the prolifera-
tion of AMC-HN-8 cells by mediating CAFs.

To confirm the function of SFRP1 in AMC-HN-8 cell 
migration, wound healing and transwell assays were per-
formed. The areas of healing in the co-cultured AMC-
HN-8 cells with SFRP1-siRNA CAFs were smaller than 
those in the co-cultured AMC-HN-8 cells with CAFs and 
smaller than those in the control group at 24 and 48  h 
(Fig. 3C, D). Consistent results were also observed in the 
transwell assay, where the number of migrating cells was 
significantly higher in the group co-cultured with SFRP1-
siRNA CAFs than in the group co-cultured with CAFs 
and higher than in the control group at 24  h (Fig.  3E, 
F). These results suggested that SFRP1 inhibited AMC-
HN-8 cell migration by mediating CAFs.

SFRP1 inhibited tumor growth in mice
We constructed a mouse tumor-bearing model by subcu-
taneous injection of SCC7 cells (Fig. 4A). Through subcu-
taneous injection of mouse SFRP1 recombinant protein, 
we found that it can significantly inhibit tumor growth 
in mice (Fig.  4B-D). However, there were no significant 
changes in the weight and liver and kidney toxicity of 
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Fig. 1 SFRP1 expression in HNSCC and associated with HNSCC prognosis. (A) SFRP1 expression levels in different cancer types from the TCGA database 
analyzed by the TIMER database. (B) SFRP1 in HNSCC and paired normal tissue in the GEPIA2 database. (C) The overall survival of HNSCC in high and low 
SFRP1 expression groups were analyzed in the GEPIA2 database. (D) qPCR validation of the expression of SFRP1 mRNA in NHSCC tissue and paracancer 
tissue. (E) Representative images of IHC in NHSCC
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Fig. 2 SFRP1 expression in CAFs (A) In vitro primary culture of the CAFs. (B) Identification of the CAFs. (C) The mRNA levels of SFRP1 in AMC-HN-8 cells 
and CAFs were tested by qPCR. (D) The secretion of SFRP1 in AMC-HN-8 cells and CAFs was detected by ELISA. (E) SFRP1 was knocked down in CAFs by 
FAM-siRNA transfection. (F) The mRNA levels of SFRP1 in CAFs were tested by qPCR on the 4th and 7th day after transfection
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Fig. 3 Effects of SFRP1 on the proliferation and migration of HNSCC cells. (A) Schematic diagram of the CAFs and AMC-HN-8 cells co-culture system. (B) 
The OD450 of AMC-HN-8 cells in the control group, the co-culture group with CAFs, and the co-culture group with SFRP1-siRNA CAFs were examined at 
0, 24, 48, and 72 h. (C) Wound healing pictures of AMC-HN-8 cells in the control group, the co-culture group with CAFs, and the co-culture group with 
SFRP1-siRNA CAFs were shown at 0, 12, 24, and 48 h. (D) The areas of wound healing of AMC-HN-8 cells in the control group, the co-culture group with 
CAFs, and the co-culture group with SFRP1-siRNA CAFs were calculated by Image J. (E) Migration pictures of AMC-HN-8 cells in the control group, the 
co-culture group with CAFs, and the co-culture group with SFRP1-siRNA CAFs were shown at 24 h. (F) The number of cell migrations of AMC-HN-8 cells in 
the control group, the co-culture group with CAFs, and the co-culture group with SFRP1-siRNA CAFs quantified by were calculated by Image J
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Fig. 4 Subcutaneous injection of SFRP1 recombinant protein for the treatment of subcutaneous tumor-bearing mice. (A) Schematic of experimental 
timeline and procedures. (B) Representative images of subcutaneous tumors with indicated treatment. (C) The weight of tumors with indicated treat-
ment. (D) Relative tumor growth curves of subcutaneous tumors with indicated treatment. (E) The body weights of mice were analyzed and compared. 
(F) Liver and kidney function of the mouse were compared
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the mice (Fig. 4E). Therefore, the SFRP1 protein has the 
potential for clinical treatment of tumors.

Knocking down SFRP1 inhibited apoptosis of HNSCC cells
To further explore the mechanism, apoptosis assays were 
performed. The percentage of apoptotic AMC-HN-8 cells 
in the group co-cultured with SFRP1-siRNA CAFs was 
lower than that in the group co-cultured with CAFs and 
the control group (Fig.  5A, B). These results suggested 
that SFRP1 promoted apoptosis of AMC-HN-8 cells by 
mediating CAFs.

On the vector of an indirect co-culture system, CAFs 
or CAFs with SFRP1 knockdown were co-cultured with 
AMC-HN-8 cells to observe changes in the cell function 
of AMC-HN-8 cells. SFRP1 inhibited the proliferation 

and migration of AMC-HN-8 cells by mediating CAFs, 
and the mechanism of action of SFRP1 may be related to 
apoptosis.

Effect of SFRP1 on CAFs-derived factors associated with 
immune cells
To better understand the characteristics of SFRP1 in the 
TME and its relationship with immune cells, the corre-
lation between the abundance of SFRP1 and immune 
cells was analyzed using the TIMER database. The results 
showed that SFRP1 expression correlated with CD4 + T 
cells, CD8 + T cells, macrophages, neutrophils, and den-
dritic cells in the HNSCC microenvironment (Fig. 6A).

After consulting several studies, 10 CAFs-derived fac-
tors that may theoretically act on immune cells were 

Fig. 5 SFRP1 mediates the mechanism of CAFs on tumor cells. (A) Apoptosis of AMC-HN-8 cells in the control group, the co-cultured group with CAFs, 
and the co-cultured group with SFRP1-siRNA CAFs. (B) Analysis of apoptosis of AMC-HN-8 cells in the control group, the co-culture group with CAFs, and 
the co-culture group with SFRP1-siRNA CAFs by flow cytometry after Annexin-V/PI staining
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selected for further exploration. The effects of SFRP1 
on 10 cytokines in CAFs were detected using qPCR and 
ELISA. The qPCR results showed significant differences 
in the expression of CCL2, CCL5, CXCL2, CXCL12, IL-6, 
PGE2, TGF-β and VEGF in CAFs after SFRP1 knock-
down. In contrast, there were no significant differences 
in CXCL1 and PDL (Fig.  6B). Among the differentially 

expressed cytokines, secretion in the supernatant of 
CAFs was detected by ELISA. The results showed that 
the secretion of CXCL12 and IL-6 differed markedly 
between the two groups of CAFs (Fig.  6C). These find-
ings suggested that the mechanism of action of SFRP1 
may involve altering the CAFs-derived factors, such as 
CXCL12 and IL-6, which are associated with immune 

Fig. 6 The correlation between SFRP1 and immune cells in HNSCC. (A) Correlation analysis of SFRP1 and immune cell infiltration in HNSCC analyzed by 
the TIMER database. (B) 10 tumor cell and immune cell related mRNA expression in CAFs and CAFs-siRNA were tested by qPCR. (C) Secretion of CXCL12 
and IL-6 from CAFs and CAFs-siRNA were detected by ELISA. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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cell function in the TME. These results may provide more 
clues for exploring the mechanism of SFRP1 regulation in 
the TME by mediating CAFs.

Discussion
Despite significant improvements in the screening, 
diagnosis, and multidisciplinary treatment of HNSCC, 
the 5-year survival rate of patients remains less than 
50% [2]. In recent years, immunotherapy has become 
a novel treatment for HNSCC, and several studies have 
been conducted to determine the mechanisms of tumor 
immunotherapy focused on the important role of the 
TME. CAFs are a major cell type in the TME and serve 
the role of regulating TME homeostasis [4]. CAFs play 
an immunomodulatory role through their interactions 
with immune cells in the TME, forming a tumor-sup-
portive environment that plays a role in immune escape 
and immunotherapeutic resistance, thereby regulating 
tumorigenesis and development [9–12]. Not only CAFs 
themselves but also the importance of CAF-related genes 
on the prognosis and immune cell infiltration of a variety 
of solid tumors has been confirmed in several studies [13, 
14].

SFRP1 is deficiently expressed in a wide range of can-
cers, including triple-negative breast [15], prostate [16], 
lung [17], colorectal [18], and liver cancers [19], and 
HNSCC [20–23], and is therefore classified as a tumor 
suppressor gene [24]. Previous studies have focused on 
the mechanism of action of SFRP1 on the Wnt pathway 
regulation and epigenetics. SFRP1 participates in the 
Wnt signaling pathway through multiple mechanisms 
and exerts antitumor activity. Some studies have reported 
that SFRP1 inhibits Wnt activity by directly binding to 
the Wnt protein-ligand via its netrin domain [25], SFRP1 
bypasses the interaction with the Wnt ligand and binds 
to β-catenin in the cytoplasm directly to antagonize the 
Wnt signaling pathway [26], SFRP1 directly binds to Fz 
receptors through cysteine-rich domain motif, prevent-
ing the binding of the Wnt ligand to the receptor, thereby 
inhibiting the Wnt pathway [27]. Epigenetics is an impor-
tant mechanism that regulates SFRP1 silencing. Endog-
enous SFRP1 expression increases in a dose-dependent 
manner after demethylation, indicating that DNA meth-
ylation is the main mechanism underlying SFRP1 silenc-
ing [24, 28]. Epigenetic silencing of SFRP1 has been 
demonstrated in many tumor types [29, 30]. The mecha-
nism of action of SFRP1 has been increasingly revealed 
with further research. SFRP1 plays an important role in 
regulating the growth and differentiation of specific cell 
types (e.g., CAFs) [31–35], has both pro- and anti-angio-
genic activities depending on the context [24], prevents 
Thrombospondin 1-mediated adhesion and migration 
of cancer cells [36]. However, the regulatory role and 

mechanism of SFRP1 in the TME concerning CAFs and 
immune cells remains unclear.

In our study, SFRP1 was significantly downregulated in 
clinical HNSCC samples obtained from public databases, 
which is consistent with its validation in LSCC, HSCC, 
and NPSCC. Based on survival analysis, patients with 
low SFRP1 expression had worse overall survival than 
those with high SFRP1 expression. These results sug-
gested that SFRP1 is a tumor suppressor gene in HNSCC. 
Immune infiltration analysis showed that SFRP1 was 
positively correlated with immune cells, especially in 
terms of the abundance of CD4 + T cells, CD8 + T cells, 
macrophages, neutrophils, and dendritic cells, suggest-
ing that it may be a relevant gene that affects the TME 
in HNSCC. Combined with our previous studies and 
further experimental validation, SFRP1 was more highly 
expressed in CAFs than in HNSCC cells. Considering the 
critical role of CAFs in the TME and SFRP1 as a charac-
teristic hub gene of CAFs, it is reasonable to believe that 
SFRP1 participates in the regulation of immune cell func-
tion in the HNSCC TME by mediating CAFs. To further 
explore the role of SFRP1 in HNSCC by mediating CAFs, 
an indirect co-culture system of CAFs and HNSCC cells 
was constructed. Biological functional experiments have 
shown that knocking down SFRP1 in CAFs can enhance 
the proliferation activity of AMC-HN-8 cells, rendering 
AMC-HN-8 cells more motile. Correspondingly, SFRP1 
knockdown in CAFs attenuated the apoptosis of AMC-
HN-8 cells. Meanwhile, the tumor-suppressive potential 
of SFRP1 in HNSCC was verified by tumor-bearing mice.

Through bidirectional signaling with other cells medi-
ated by CAFs-derived cytokines, chemokines, growth 
factors, and exosomes, CAFs exert their effects on tumor 
cells and immune cells within the TME [37–39]. Several 
studies including gene signature and mass spectrometry 
analysis have shown that the secretion profile of CAF, 
including CXCL1, CXCL2, CXCL5, CXCL12, CCL5, 
IL-1β, IL-6, IL-10, VEGF, and TGFβ, plays a major role in 
modulating the TME by regulating immune cell recruit-
ment and functions within tumors [9, 40–47]. Based 
on the literature, 10 CAFs-derived factors that may be 
involved in the regulation of immune cells were selected 
for further exploration. The experimental results indi-
cated that among the 10 CAFs-derived factors, knock-
down of SFRP1 significantly reduces the expression and 
secretion levels of CXCL12 and IL-6 in CAFs. Notably, 
CAFs secretion of CXCL12 may contribute to an increase 
in CD8 + T cell numbers in tumor tissues and is involved 
in regulating CD8 + T cell depletion and exclusion from 
tumor nests [48, 49]. Recent studies have confirmed that 
CXCL12 is a key chemokine for CD8 + T cell recruitment 
in HNSCC [50–52]. The importance of the CXCL12 sig-
naling pathway in the regulation of tumor-infiltrating 
CD8 + T cell migration induced by FAP + CAFs has been 
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confirmed in several reports [47, 53]. On the other hand, 
the release of IL-6 induced neutrophil activation in the 
TME. Research suggests that CAFs-derived IL-6 induces 
PDL1 + neutrophils through the activation of the JAK-
STAT3 pathway and impairs T cell function through 
PD1/PDL1 signaling, thereby creating favorable condi-
tions for tumor progression [54]. CAFs remodel immu-
nosuppressive CD8 + and FoxP3 + T cells in the TME by 
secreting high amounts of IL-6. Therapies that block 
IL-6 signaling or directly target CAFs may improve T cell 
trafficking, migration, and tumor immunosuppression, 
thereby improving the prognosis of patients with various 
cancers [55].

Therefore, it is reasonable to speculate that SFRP1 may 
affect the number and function of immune cells by alter-
ing the secretion factors of CAFs, thereby regulating the 
TME, which may be achieved by targeting immune cells 
such as CD8 + T cells and/or neutrophils. The results of 
this study provide new clues and directions for future 
mechanistic studies on SFRP1 in the TME.

Conclusion
SFRP1 inhibits cancer cell proliferation and migration 
in HNSCC by mediating CAFs, and the mechanism of 
action is related to immune cell regulation, which may 
provide new research directions and therapeutic targets 
for HNSCC.
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