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Background: Gastric cancer (GC) is one of the most common types of cancer. Earlier research has suggested an association of
microfibril-associated protein S (MFAPS) and collagen type I alpha 1 (COL1A1) with the progression of various tumors. However,
the specific roles and mechanisms of action of MFAPS and COL1A1 in the context of GC are yet to be fully elucidated. Thus, the
objective of this study is to investigate the functions of MFAPS and COL1AL1 in the epithelial-mesenchymal transition (EMT) of
GC and to unravel the associated molecular mechanisms.

Methods: We examined the MFAPS expression level in GC through real-time polymerase chain reaction (RT-PCR), western
blotting, and immunohistochemistry. Subsequently, shRNA interference was employed to knockdown the expression of MFAPS5
or COL1A1 in GC cells. Cell viability assay, Transwell assay, RT-PCR, and western blotting were then used to explore the impact
of MFAPS and COL1A1 on GC progression and metastasis, along with GC cell proliferation, migration, and EMT.

Results: Increased MFAPS levels were observed in both GC tissues and cells (p < 0.05), with decreased MFAPS levels significantly
impeding GC cell activity and GC progression and metastasis (p < 0.05). Additionally, the pronounced reduction in the COL1A1
expression level effectively alleviated the migration and EMT processes induced by MFAPS overexpression in GC cells (p < 0.05).
Conclusions: These results indicate that MFAPS plays a role in initiating the process of EMT in GC cells through the upregulation
of COL1A1 expression.
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Introduction A key molecule of interest in this context is collagen
type I alpha 1 (COL1A1), a crucial constituent of the ex-
tracellular matrix intricately involved in EMT [10,11]. The
potential association between increased MFAPS expression
and elevated COL1AL levels in GC remains uncertain. We
hypothesize that MFAPS may promote EMT in GC cells by
upregulating COL1A1 expression, thereby contributing to
tumor development and progression.

In this study, we conducted in-depth analyses of the
expression patterns of MFAP5 and COL1A1 in GC, further
validating their interrelationship through cell experiments.
Additionally, we uncovered the potential molecular mech-
anism linking MFAPS to COL1A1, aiming to reveal how
they collaboratively drive EMT. By comprehensively un-
derstanding the roles of MFAP5 and COL1A1 in GC, we
aimed to provide robust support for the development of new
therapeutic strategies and precision medicine approaches to
effectively halt GC development and progression, including
metastasis. This research establishes a crucial foundation
for related therapeutic investigations.

Gastric cancer (GC), a formidable malignancy, is a
prominent contributor to global cancer incidence [1]. De-
spite advances in the treatment of GC, its persistent invasive
and metastatic characteristics continue to pose significant
challenges [2]. Epithelial-mesenchymal transition (EMT)
is a pivotal event in tumor progression, transforming tu-
mor cells from polarized epithelial cells to ones exhibit-
ing mesenchymal characteristics, imparting increased mi-
gratory and invasive capabilities [3—5]. Therefore, a com-
prehensive understanding of the EMT process of GC cells
holds substantial clinical implications for impeding tumor
progression.

In recent years, microfibril-associated protein 5
(MFAPS) has attracted widespread attention as a protein
abundant in the extracellular matrix [6,7]. While MFAPS
has been found to be overexpressed in different cancers, its
precise role and underlying mechanisms in GC remain un-
clear [8,9]. Our research team is dedicated to unraveling the
specific functions of MFAPS in the development and pro-
gression of GC, along with elucidating its regulatory role in
EMT.
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Materials and Methods

Cell Culture

Human gastric cancer cell line SNU-16 (iCell-h430)
and human gastric mucosal epithelial cell line GES-1 (iCell-
h062) were procured from iCell Bioscience, Inc. (Shang-
hai, China) and cultured in DMEM (iCell-138-0001, iCell
Bioscience, Inc., Shanghai, China) supplemented with 10%
fetal bovine serum and 1% penicillin—streptomycin in an in-
cubator at 37 °C with 5% COs. The culture medium was re-
placed every 2-3 days. Upon reaching an 80% fusion rate,
the cells were passaged. All cell lines were validated by
short tandem repeat and tested free of mycoplasma contam-
ination.

Animals and Establishment of GC Model

Female BALB/c mice were acquired from the Ex-
perimental Animal Resources Platform of the Chinese
Academy of Sciences (Shanghai, China) and N-methyl-N-
nitrosourea (MNU, N3385, Sigma Chemical, St. Louis,
MO, USA) was dissolved in distilled water at a concen-
tration of 240 ppm and was freshly prepared twice a week
for administration in drinking water in light-shielded bot-
tles. The mice drank water containing 240 ppm MNU and
were exposed for a total of five weeks. Finally, the neck of
the mice was dislocated and the stomach tissues were col-
lected. This study has been approved by the Experimental
Animal Ethics Committee of Changchun University of Chi-
nese Medicine (Approval no: 2024013).

RNA Interference

Recombinant lentiviruses encoding an shRNA
against either human MFAPS5 or human COLIAI, along
with pLNCX2-MFAPS5 and pLNCX2-vector, were designed
and prepared by GeneChem (Shanghai, China). The target
sequence for ShARNA-MFAP5 was: 5'-CCGGCGGGAT
GAGAAGTTTGCTTGTCTCGAGACAAGCAAACT
TCTCATCCCGTTTTTTG-3'. The target sequence for
COLIAI-shRNA was: 5'-AAAACACCAGTTTACGAC
GTATGTATTCGTACATACGTCGTAAACTGGTGC
-3’. A negative control, scrambled (scr)-shRNA, with a
target sequence 5'-TTCTCCGAACGTGTCACGTTT-
3’ was used, along with pLNCX2-MFAP5-F: 5’-
CACCGCTTGTCTGTAAGGAACACGAACGA

ATTCGTGTTCCTTACAGACAAG-3'; pLNCX2-
MFAP5-R:  5-AAAACTTGTCTGTAAGGAACACGA-
3, pLNCX2-vector-F: 5'-

TGGCAGTACATCTACGTATTAGTCATCGC-3’,  and
PpLNCX2-vector-R: 5'-GTGGATAGCGGTTTGACTCAC
GGGGATTT-3'. Lentivirus was introduced into cells ac-
cording to the manufacturer’s instructions. The efficiency
of MFAPS5 and COL1A1 knockdown was quantified using
RT-PCR and western blotting.

Table 1. Primer sequences were used in this study.

Primer name

Human-MFAP5-F
Human-MFAPS5-R
Mouse-MFAP5-F
Mouse-MFAP5-R
E-cadherin (E-ca)-F
E-cadherin-R
N-cadherin (N-ca)-F
N-cadherin-R

Primer sequence (5'-3')
GCATCGGCCGGTTAAACAAT
TCACAGGGAGGAAGTCGGAA
CAGTCCTGCTTCACCAGTTTAC
AAGTCGGAAGTAGTTGGAGCG
CGAGAGCTACACGTTCACGG
GGGTGTCGAGGGAAAAATAGG
TTTGATGGAGGTCTCCTAACACC
ACGTTTAACACGTTGGAAATGTG

Vimentin-F GACGCCATCAACACCGAGTT
Vimentin-R CTITTGTCGTTGGTTAGCTGGT
Actin-F ACACTGTGCCCATCTACG

Actin-R TGTCACGCACGATTTCC

COLIAI-F GCCTCTGCTCTCCGACCTCTC
COLIAI-R CTGCTTTGTGCTTTGGGAAGTTGTC

MFAPS, microfibril-associated protein 5; COLIAI, collagen
type I alpha 1; F, Forward; R, Reverse.

RNA Extraction and Real-Time Polymerase Chain
Reaction (RT-PCR)

Total RNA was extracted from cells using total RNA
extraction kit (OSR-M610, Tiangen, Beijing, China), and
its quantity and quality were assessed using a spectropho-
tometer. RNA was transcribed into cDNA using reverse
transcriptase (MR101-01/02, Nuoweizan, Nanjing, China).
Subsequently, primer pairs were designed, and RT-PCR, in-
cluding cDNA template, primers, DNA polymerase, reac-
tion buffer, and fluorescent probe, were set up. During the
reaction, we monitored the fluorescent signal in real time,
and the cycle number (Ct value) at which the signal reached
its threshold was recorded. Finally, the relative expression
level was calculated using the 2~24¢ method, which com-
pared the Ct values of the experimental group with the Ct
values of the control group. The primer sequences are pro-
vided in Table 1.

Western Blotting

Total protein was extracted from tissues or cells, and
its concentration was measured using a bicinchoninic acid
assay to ensure equal loading amounts. Subsequently,
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophore-
sis (SDS-PAGE) was used to separate the proteins based
on their size, followed by transfer to a polyvinylidene flu-
oride or nitrocellulose membrane. To prevent nonspe-
cific binding, the membrane was blocked in 5% non-fat
milk, followed by incubation with anti-MFAPS5 (1:1000;
cat no. PA5-52706; Thermo Fisher Scientific, Waltham,
MA, USA), anti-COL1A1 (1:1000; cat no. PA5-29569;
Thermo Fisher Scientific, Waltham, MA, USA), anti-E-
cadherin (1:1000; cat. no. A20798; ABclonal, Inc., Wuhan,
China), anti-N-cadherin (1:1000; cat. no. A19083; AB-
clonal, Inc., Wuhan, China), or anti-vimentin (1:1000; cat.
no. A19607; ABclonal, Inc., Wuhan, China) antibodies,
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Fig. 1. High expression of microfibril-associated protein 5 (MFAP5) in gastric cancer. (A) Expression of MFAPS5 in normal gastric

tissues and gastric cancer (GC) tissues in mice as determined by RT-PCR. (B,C) Expression of MFAPS in normal gastric tissues and gastric

cancer tissues in mice as determined by western blotting. (D) Immunohistochemical assessment of the staining intensity of MFAPS in

normal gastric tissues and GC tissues in mice (n = 6). (*p < 0.05, **p < 0.01). RT-PCR, real-time polymerase chain reaction.

GAPDH (1:2000; cat no. USAPA1-987; Thermo Fisher
Scientific, Waltham, MA, USA). After washing, the mem-
brane was incubated with the respective enzyme- or fluores-
cent probe-conjugated secondary antibodies (cat no. ZB-
2305 and ZB-2301, ZSGB-BIO, Beijing, China). After
washing, the detection of the target protein bands was ac-
complished through chemiluminescent or fluorescent meth-
ods. Images were captured, and the grayscale values of
target protein bands were analyzed using ImagelJ software
(version 1.5f, National Institutes of Health, Bethesda, MD,
USA).

Immunohistochemical Staining

The tissues were fixed in 4% paraformaldehyde at
room temperature overnight, dehydrated, embedded, and
then sectioned. The tissues were sliced into 5 pm slices and
incubated with the primary antibody MFAPS5 (ab203828,
Abcam, Cambridge, MA, USA). It tested positive with
the DAB detection kit (ab64260, Abcam, Cambridge, MA,
USA) and was analyzed using an Olympus microscope
(CX23, Olympus, Tokyo, Japan).

Cell Counting Kit-8 (CCK-8) Assay

SNU-16 cells were cultured as indicated and divided
into treatment and control groups. The treatment group
underwent transfection, while the control group under-
went mock transfection. Subsequently, the CCK-8 assay
(CA1210, Solarbio, Beijing, China) was performed accord-
ing to the manufacturer’s instructions, and cell viability was
assessed by measuring the absorbance at a wavelength of
450 nm in a microplate reader (CMax Plus, Molecular De-
vices Corporation, Silicon Valley, CA, USA). Finally, the
differences between the groups were compared.

Transwell Migration and Invasion Assays

For the migration assay, cells were suspended in a
medium and allowed to migrate through the pores toward
the lower chamber, which contained the chemoattractant.
After a specified incubation period, cells were removed
from the upper surface of the insert, and those that migrated
to the lower surface were fixed, stained, and quantified.

For the invasion assay, Matrigel, which mimics the
basement membrane, was applied to the Transwell cham-
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Fig. 2. Impact of MFAPS on cell proliferation and migration in vitro. (A) mRNA levels of MFAPS5 in gastric cancer cells (SNU-16)
and normal gastric mucosal epithelial cells (GES-1). (B,C) Protein levels of MFAPS in gastric cancer cells and normal gastric mucosal
cells. (D) mRNA levels of MFAPS5 in SNU-16 cells after transfection with sh-MFAP5. (E,F) Protein levels of MFAPS in SNU-16 cells
after transfection with sh-MFAPS. (G) Proliferative capacity of SNU-16 cells. (H-K) Migration and Invasion capabilities of SNU-16
cells (n =6). (*p < 0.05, **p < 0.01, ***p < 0.001).
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Fig. 3. Upregulation of COL1A1 expression by MFAPS. (A-D) Quantitative analysis of MFAPS and COL1A1 protein expression (n

=6). (*p < 0.05, **p < 0.01, ns, no significant difference).

ber to create a barrier that cells must penetrate. Cells were
plated in the upper chamber, and after incubation, those that
invaded the Matrigel and reached the lower chamber were
evaluated by a light microscope (CX23, Olympus, Tokyo,
Japan).

Statistical Analysis

Statistical analysis was carried out using GraphPad
software (version 8.0, GraphPad software Inc., San Diego,
CA, USA). The comparison of two datasets was performed
using a ¢-test, while the comparison of more than two
datasets was performed using one-way analysis of vari-
ance. Subsequent post hoc analyses were carried out using
Tukey’s method. Results were expressed as mean + stan-
dard deviation and statistical significance was determined
at a threshold of p < 0.05.

Results

MEFAPS5 Expression is Upregulated in GC

As depicted in Fig. | A—C, the mRNA and protein con-
centrations of MFAPS significantly increased in GC tissues
compared to normal tissues (p < 0.05). Subsequently, we
used immunohistochemistry to examine the localization of
MFAPS in GC tissues. The results revealed predominant
MFAPS staining in the cytoplasm of GC tissues (Fig. 1D).
Taken collectively, these findings underscore the elevated
presence of MFAPS in GC tissues at both mRNA and pro-
tein levels, as well as its localization within the cytoplasm.

MFAPS5 Enhances Gastric Cancer Cell Proliferation
and Migration

In the initial phase of our investigation, we examined
the MFAPS expression levels in SNU-16 and GES-1 cells
and observed an upregulation in both mRNA and protein
levels (p < 0.05) (Fig. 2A—C). Next, we used shRNA to


https://www.discovmed.com/

2084

A B C
150 g sokk  kk s Kkk Rk
o F 400 g 200
°\; *hK KK N z
:‘zi 100 Z 300 ?; 150
% < 2
2 Z 200 Z 100
S s z Z
2 < 100 5 50
7 : £
g =
0 z 0 2 0
¢ < > = 9 < N = < 9 N
L& 8 '
& & JEC & x}‘x\ Coy
& & QVS" < &
I & S &£
o S o 'SV’ R ‘3?
P S S
o o &
Ov-NC Ov-MFAP5+Sh-NC Ov-MFAP5+Sh-COL1A1
D o agm _
WP M ‘ 2
.ft D e T
o w Tre o e e s 2
Cell migration i’!" R RPN - AL {
3 o8 4 £7 o
pxh ke 100um MRS S he
ZOIRE ORNER 1t o L
E
Cell invasion ‘,E ey
N
F o & G
£ ¢
& 2
& & =
L L b3
¢ §F & =
A’e A'é A'é E
S O [S) g
E-ca [www == ==| 120kDa g
N-ca [== &= =] 140kDa £
Vimentin [ == =] 7Da
GAPDII [ ] 36kDa
H I

Relative expression of N-ca protein

Relative expression of Vimentin protein

Fig. 4. MFAPS regulates GC cell proliferation and mesenchymal transition through the upregulation of COL1A1. (A) SUN-16
cell proliferation, as determined by Cell Counting Kit-8 (CCK-8) assay. (B—E) SUN-16 cell migration and invasion, as determined by the

Transwell assay. (F-I) Protein levels of E-cadherin (E-ca), N-cadherin (N-ca), and vimentin in SUN-16 cells, as determined by western

blotting (n = 6). (*p < 0.05, **p < 0.01, ***p < 0.001).

knockdown MFAPS in SNU-16 cells. The MFAP5 mRNA
and protein levels in the silenced cells were 74% and 54%
lower in the silenced cells than those in the control cells,
respectively (p < 0.05) (Fig. 2D-F).

Transfection with shRNA-MFAPS significantly de-
creased cell viability subsequent to MFAPS5 downregulation
(» < 0.001) (Fig. 2G). Furthermore, migration and inva-
sion in MFAPS5-silenced SNU-16 cells were significantly
reduced compared to the control cells (p < 0.001) (Fig. 2H—
K).
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Upregulation of MFAPS5 Enhances the Expression of
COLI1A1 in Gastric Cancer

To further investigate the regulatory mechanism be-
tween MFAPS5 and COL1A1 in GC, we employed two
approaches: overexpression of MFAP5 through transfec-
tion of the MFAPS5-overexpressing plasmid into GC cells
and knockdown of COL1A1 through transfection of the
shRNA-COL1A41. We observed a significant increase in
both MFAP5 and COL1A1 protein levels after MFAPS
overexpression (Ov) (p < 0.01) (Fig. 3A,B). Compared to
the Ov-MFAPS5+sh-NC group, the COL1AT1 protein lev-
els were significantly downregulated in the Ov-MFAP5+sh-
COLIA1 group (p < 0.05) (Fig. 3C,D).

MFAPS5 Influenced the Viability and EMT Process of
GC Cells by Modulating the Expression of COLIAI

We silenced COL1A1 in SUN-16 cells overexpress-
ing MFAPS. The results from the CCK-8 assay showed
a significant increase in SUN-16 cell proliferation in the
Ov-MFAP5+sh-NC group compared to the Ov-NC group
(p < 0.001). In contrast, the proliferation of SUN-16 cells
in the Ov-MFAP5+sh-COL1A1 group showed a significant
decrease compared to the Ov-MFAP5+sh-NC group (p <
0.01) (Fig. 4A). The Transwell assay results indicated that,
while the overexpression of MFAPS significantly facili-
tated the migration of GC cells (p < 0.001), co-transfection
of Ov-MFAPS5+sh-COL1A41 markedly suppressed migra-
tion compared to the Ov-MFAP5+sh-NC group (p < 0.01)
(Fig. 4B-E).

Subsequent assessments examined the impact of
MFAPS and COL1A1 on proteins involved in EMT. In
the Ov-MFAPS5+sh-NC group, the E-cadherin (E-ca) level
was found to be lower than that in the Ov-NC group (p
< 0.05), whereas in the Ov-MFAP5+sh-COLIA41 group,
the E-ca level was significantly higher than that in the Ov-
MFAP5+sh-NC group (p < 0.05) (Fig. 4F,G). Additionally,
in the Ov-MFAP5+sh-NC group, the levels of N-cadherin
(N-ca) and vimentin were higher in the Ov-NC group (p
< 0.05). However, in the Ov-MFAPS5+sh-COLIA1 group,
the levels of N-ca and vimentin were significantly lower
than those in the Ov-MFAP5+sh-NC group (p < 0.05)
(Fig. 4F,H,I). These findings suggest that MFAPS5 may
modulate GC cell proliferation and migration through its
intricate interplay with COL1A1, thereby influencing key
proteins involved in EMT.

Discussion

To the best of our knowledge, this study is the first to
investigate the role and the mechanism of action of MFAPS
in GC. Our findings reveal that MFAPS is upregulated in
GC, and its high expression correlates positively with this
aggressive malignancy.

Existing research indicates that MFAPS serves as a po-
tential tumor-promoting factor in different types of cancer,
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including pancreatic cancer, bladder cancer, and breast can-
cer [12—14]. Another investigation revealed that MFAPS
enhances the migration and invasion capabilities of head
and neck squamous cell carcinoma through the protein ki-
nase B (AKT) signaling pathway [15]. This finding aligns
with the findings of our study that showed an association
between increased MFAPS5 expression and enhanced GC
cell migration. These observations indicate that MFAP5 ex-
erts diverse effects in different types of cancer, serving as a
biomarker and providing new insights into potential thera-
peutic strategies for GC.

Additionally, COL1A1, which belongs to the collagen
family, participates in EMT, a process intricately linked to
the progression of malignant tumors. Several studies have
suggested a correlation between elevated COL1A1 expres-
sion and tumor infiltration and metastasis [10,16]. These
observations have led us to speculate that MFAPS promotes
GC progression by regulating COL1A1 expression. Af-
ter identifying a correlation between MFAPS5 and COL1A1
expression, we performed transfection experiments to vali-
date the role of MFAPS in modulating COL1A1 expression
in GC cells. The knockdown of MFAP5 expression led to
a significant reduction in GC cell migration and invasion.
Earlier studies have indicated that MFAPS can serve as an
independent prognostic factor for adverse patient outcomes
[12,17], as it influences endothelial cell behavior and pro-
motes cell survival. Xu et al. [15] reported that MFAPS fa-
cilitates migration and invasion of head and neck squamous
cell carcinoma via the AKT pathway, whereas Li ef al. [18]
demonstrated that MFAPS5 could serve as a diagnostic and
prognostic biomarker for intrahepatic cholangiocarcinoma
and that the upregulation of MFAPS significantly enhances
the invasive capability of intrahepatic cholangiocarcinoma
tumors. These findings align with our results. Our find-
ings suggest that increased MFAPS expression promotes
GC proliferation and migration, whereas reduced MFAPS
expression has the opposite effect. Additionally, RT-PCR
assays and western blot analyses demonstrated that the el-
evated MFAPS level led to increased expression of N-ca
and vimentin, along with the decreased expression of E-
ca, whereas knockdown of COL1A1 significantly reversed
EMT induced by MFAPS5 overexpression.

EMT refers to the phenomenon where epithelial cells
transform into mesenchymal cells, resulting in altered cell
morphology and heightened migratory abilities [19]. This
process plays a crucial role in the early stages of tumor pro-
gression and metastasis [20]. Thus, identifying and under-
standing the signaling mechanisms that promote EMT may
offer new therapeutic approaches for strategies aimed at in-
hibiting this cellular transition [21]. EMT involves var-
ious signaling pathways, including Transforming Growth
Factor beta (TGF-3), Nuclear Factor kappa B (NF-xB),
Wingless/Integrated (Wnt), and others [22—-24], and an ear-
lier study has demonstrated a close association between
COL1A1 and EMT initiation and regulation [10]. In GC,
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COL1AL interacts with the PI3K/AKT signaling pathway
to facilitate the acquisition of a more invasive phenotype by
tumor cells [25]. In our study, the upregulation of COL1A1
is associated with MFAPS5 in GC cells, thereby promoting
EMT in GC cells.

Clearly, our study indicates that the overexpression of
MFAPS represents a tumorigenic phenomenon, leading to
the aggressive behavior of GC cells. Therefore, we hypoth-
esize that MFAPS may promote EMT in GC by upregulat-
ing COL1A1. Nevertheless, additional studies are required
to uncover the novel mechanisms by which MFAPS induces
the increased expression of COL1AI.

Strengths and Weaknesses of the Study

This study provides preliminary evidence of the roles
of MFAPS and COL1A1 in GC, but the experimental data is
relatively limited. Lack of clinical validation: Laboratory
results have not been clinically validated. Validating the re-
search findings in actual patients is a crucial step for further
investigation to assess the feasibility and applicability of the
study results. Focus limitation: The study primarily focuses
on MFAPS and COL1A1, without delving into other poten-
tial molecular participants in GC. This focus may lead to an
incomplete understanding of the overall mechanism.

Comprehensive assessment of MFAPS and COL1A1
expression levels in GC using various experimental tech-
niques. Utilization of shRNA interference technique to
study the functions of MFAPS and COL1A1 in GC cells,
aiding in validating their roles in GC development and
metastasis. Despite limitations, this study provides impor-
tant clues for further research into the molecular mecha-
nisms of GC.

Limitations of the Study

Although the research provides preliminary evidence
on the roles of MFAP5 and COL1A1 in GC, the experimen-
tal data is limited.

The Focus of the Study

The study primarily focuses on MFAPS5 and COL1A1,
without delving into other potential molecular players in
GC. This focus may lead to an incomplete understanding
of the overall mechanisms.

Lack of Clinical Validation

Laboratory results have not been clinically validated.
Validating the research findings in actual patients is a cru-
cial step for further investigation to assess the feasibility
and applicability of the study results. Overall, future re-
search can overcome these limitations by adopting more
comprehensive and multi-faceted research strategies to ad-
vance the understanding of the molecular mechanisms un-
derlying GC.

Conclusions

In summary, our findings elucidate the pivotal roles
played by MFAPS and COL1A1 in the transition of GC cells
from the epithelial phenotype to the mesenchymal pheno-
type. It is likely that MFAPS influences EMT by upregulat-
ing COL1A1 expression.

Availability of Data and Materials

Data to support the findings of this study are available
on reasonable request from the corresponding author.

Author Contributions

YS, JE, and FW performed the research. XW and JE
provided help and advice on the experiments. FW, YS and
XW contributed to the analysis and interpretation of the
data. All authors were involved in the drafting and critical
revision of the manuscript. All authors have read and ap-
proved the final manuscript. All authors have participated
sufficiently in the work to take public responsibility for ap-
propriate portions of the content and agreed to be account-
able for all aspects of the work in ensuring that questions
related to its accuracy or integrity.

Ethics Approval and Consent to Participate

This study has been approved by the Experimental An-
imal Ethics Committee of Changchun University of Chi-
nese Medicine (Approval no: 2024013).

Acknowledgment

Not applicable.

Funding

This work was sponsored in part by the Ministry of Ed-
ucation Foundation of Jilin province (JJKH20210945K1J).

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F.
Gastric cancer. Lancet (London, England). 2020; 396: 635-648.

[2] AjaniJA, D’Amico TA, Bentrem DJ, Chao J, Cooke D, Corvera
C, et al. Gastric Cancer, Version 2.2022, NCCN Clinical Practice
Guidelines in Oncology. Journal of the National Comprehensive
Cancer Network: INCCN. 2022; 20: 167-192.

[3] WangC, Yang Z, Xu E, Shen X, Wang X, Li Z, et al. Apolipopro-
tein C-II induces EMT to promote gastric cancer peritoneal
metastasis via PI3K/AKT/mTOR pathway. Clinical and Trans-
lational Medicine. 2021; 11: €522.

[4] Seeneevassen L, Bessede E, Mégraud F, Lehours P, Dubus P,
Varon C. Gastric Cancer: Advances in Carcinogenesis Research


https://www.discovmed.com/

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

and New Therapeutic Strategies. International Journal of Molec-
ular Sciences. 2021; 22: 3418.

Li D, Wang Y, Dong C, Chen T, Dong A, Ren J, et al. CST1
inhibits ferroptosis and promotes gastric cancer metastasis by
regulating GPX4 protein stability via OTUBI1. Oncogene. 2023;
42: 83-98.

Chen Z, Yan X, Li K, Ling Y, Kang H. Stromal fibroblast-
derived MFAPS promotes the invasion and migration of breast
cancer cells via Notch1/slug signaling. Clinical & Translational
Oncology: Official Publication of the Federation of Spanish On-
cology Societies and of the National Cancer Institute of Mexico.
2020; 22: 522-531.

Dong XY, Yin JX, Zhang H, Liao Y. High glucose stimulating
ECM remodeling and an inflammatory phenotype in the IPFP
via upregulation of MFAPS expression. Biochemical and Bio-
physical Research Communications. 2022; 601: 93-100.

Wang Y, Wang R, Li B, Huang Z, Zhao S, Chen S, et al. Cancer-
associated fibroblasts in the invasive tumour front promote the
metastasis of oral squamous cell carcinoma through MFAPS5 up-
regulation. Gene. 2023; 876: 147504.

Dawoud MM, Abouelfadl D, Abdou AG, Elkhouly EAB.
Immunohistochemical Expression of Microfibrillar-associated
Protein 5 (MFAPS) in Invasive Breast Carcinoma of No Spe-
cial Type. Applied Immunohistochemistry & Molecular Mor-
phology: AIMM. 2019; 27: 649-657.

Li X, Sun X, Kan C, Chen B, Qu N, Hou N, et al. COL1AL:
A novel oncogenic gene and therapeutic target in malignancies.
Pathology, Research and Practice. 2022; 236: 154013.
Salimian N, Peymani M, Ghaedi K, Hashemi M, Rahimi E.
Collagen 1A1 (COL1A1) and Collagen1 1A1(COL11A1) as di-
agnostic biomarkers in Breast, colorectal and gastric cancers.
Gene. 2024; 892: 147867.

Duan Y, Zhang X, Ying H, Xu J, Yang H, Sun K, et al. Target-
ing MFAPS in cancer-associated fibroblasts sensitizes pancre-
atic cancer to PD-L1-based immunochemotherapy via remodel-
ing the matrix. Oncogene. 2023; 42: 2061-2073.

Zhou Z, Cui D, Sun MH, Huang JL, Deng Z, Han BM, et al.
CAFs-derived MFAPS promotes bladder cancer malignant be-
havior through NOTCH2/HEY 1 signaling. FASEB Journal: Of-
ficial Publication of the Federation of American Societies for
Experimental Biology. 2020; 34: 7970-7988.

Wu Y, Wu P, Zhang Q, Chen W, Liu X, Zheng W. MFAPS

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

2087

promotes basal-like breast cancer progression by activating the
EMT program. Cell & Bioscience. 2019; 9: 24.

Xu Q, Chang H, Tian X, Lou C, Ma H, Yang X. Hypoxia-induced
MFAPS5 Promotes Tumor Migration and Invasion via AKT Path-
way in Head and Neck Squamous Cell Carcinoma. Journal of
Cancer. 2020; 11: 1596-1605.

Geng Q, Shen Z, Li L, Zhao J. COLIA1 is a prognostic
biomarker and correlated with immune infiltrates in lung can-
cer. Peer]. 2021; 9: el1145.

Zhao L, Westerhoff M, Hornick JL, Krausz T, Antic T, Xiao SY,
et al. Loss of microfibril-associated protein 5 (MFAPS5) expres-
sion in colon cancer stroma. Virchows Archiv: an International
Journal of Pathology. 2020; 476: 383-390.

Li JH, Zhu XX, Li FX, Huang CS, Huang XT, Wang JQ, et al.
MFAPS facilitates the aggressiveness of intrahepatic Cholangio-
carcinoma by activating the Notch1 signaling pathway. Journal
of Experimental & Clinical Cancer Research: CR. 2019; 38:
476.

Cho ES, Kang HE, Kim NH, Yook JI. Therapeutic implications
of cancer epithelial-mesenchymal transition (EMT). Archives of
Pharmacal Research. 2019; 42: 14-24.

Lee JY, Kong G. Roles and epigenetic regulation of epithelial-
mesenchymal transition and its transcription factors in cancer

initiation and progression. Cellular and Molecular Life Sciences:
CMLS. 2016; 73: 4643-4660.

Takahashi M, Hasegawa Y, Maeda K, Kitano M, Taniguchi
N. Role of glycosyltransferases in carcinogenesis; growth fac-
tor signaling and EMT/MET programs. Glycoconjugate Journal.
2022; 39: 167-176.

Lee JH, Massagué J. TGF-3 in developmental and fibrogenic
EMTs. Seminars in Cancer Biology. 2022; 86: 136-145.

Xiao K, He W, Guan W, Hou F, Yan P, Xu J, ef al. Mesenchymal
stem cells reverse EMT process through blocking the activation
of NF-kB and Hedgehog pathways in LPS-induced acute lung
injury. Cell Death & Disease. 2020; 11: 863.

Tang Q, Chen J, Di Z, Yuan W, Zhou Z, Liu Z, et al.
TMA4SF1 promotes EMT and cancer stemness via the Wnt/s-
catenin/SOX2 pathway in colorectal cancer. Journal of Experi-
mental & Clinical Cancer Research: CR. 2020; 39: 232.

Li C, Hou X, Yuan S, Zhang Y, Yuan W, Liu X, ef al. High ex-
pression of TREM2 promotes EMT via the PI3K/AKT pathway
in gastric cancer: bioinformatics analysis and experimental ver-
ification. Journal of Cancer. 2021; 12: 3277-3290.


https://www.discovmed.com/

	Introduction
	Materials and Methods
	Cell Culture
	Animals and Establishment of GC Model
	RNA Interference
	RNA Extraction and Real-Time Polymerase Chain Reaction (RT-PCR)
	Western Blotting
	Immunohistochemical Staining
	Cell Counting Kit-8 (CCK-8) Assay
	Transwell Migration and Invasion Assays
	Statistical Analysis

	Results
	MFAP5 Expression is Upregulated in GC
	MFAP5 Enhances Gastric Cancer Cell Proliferation and Migration
	Upregulation of MFAP5 Enhances the Expression of COL1A1 in Gastric Cancer
	MFAP5 Influenced the Viability and EMT Process of GC Cells by Modulating the Expression of COL1A1

	Discussion
	Strengths and Weaknesses of the Study
	Limitations of the Study
	The Focus of the Study
	Lack of Clinical Validation

	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

