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Helicobacter pylori-induced et

fibroblast-derived Serpin E1 promotes gastric
cancer growth and peritoneal dissemination
through p38 MAPK/VEGFA-mediated
angiogenesis

Wei Cheng'", Yonghui Liao'?", Yuan Xie', Qinrong Wang’, Leilei Li", Yuanjia Chen', Yan Zhao'!" and
Jianjiang Zhou'""

Abstract

Background Fibroblasts, especially cancer-associated fibroblasts (CAFs), represent the predominant stromal cell pop-
ulation in the tumor microenvironment and have an important function in tumorigenesis by interacting with tumor
cells. However, their interaction remains elusive in an inflammatory tumor microenvironment induced by Helicobacter
pylori (H. pylori).

Methods The expression of Serpin family E member 1 (Serpin E1) was measured in fibroblasts with or without H.
pylori infection, and primary gastric cancer (GC) cells. Serpin E1 knockdown and overexpression fibroblasts were gen-
erated using Serpin E1 siRNA or lentivirus carrying Serpin E1. Co-culture models of fibroblasts and GC cells or human
umbilical vein endothelial cells (HUVECs) were established with direct contact or the Transwell system. In vitro
functional experiments and in vivo tumorigenesis assay were employed to study the malignant behaviors of GC cells
interacting with fibroblasts. ELISA was used for quantifying the levels of Serpin E1 and VEGFA in the culture superna-
tant. The tube formation capacity of HUVECs was assessed using a tube formation assay. Recombinant human Serpin
E1 (recSerpin E1), anti-Serpin E1 antibody, and a MAPK pathway inhibitor were utilized to treat HUVECs for elucidating
the underlying molecular mechanisms.

Results Serpin E1 was predominantly expressed in gastric CAFs. H. pylori infection significantly enhanced the expres-
sion and secretion of Serpin E1 by CAFs. Both fibroblast-derived Serpin E1 and recSerpin E1 enhanced the growth,
invasion, and migration of GC cells, along with increased VEGFA expression and tube formation in HUVECs. Further-
more, the co-inoculation of GC cells and fibroblasts overexpressing Serpin E1 triggered the expression of Serpin E1

in cancer cells, which facilitated together xenograft tumor growth and peritoneal dissemination of GC cells in nude
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mice, with an increased expression of Ki67, Serpin E1, CD31 and/or VEGFA. These processes may be mediated by Ser-
pin E1-induced migration and p38 MAPK/VEGFA-mediated angiogenesis of HUVECs.

Conclusion H. pyloriinfection induces Serpin E1 expression in fibroblasts, subsequently triggering its expression

in GC cells through their interaction. Serpin E1 derived from these cells promotes the migration and p38 MAPK/
VEGFA-mediated angiogenesis of HUVECs, thereby facilitating GC growth and peritoneal metastasis. Targeting Serpin
E1 signaling is a potential therapy strategy for H. pylori-induced GC.

Keywords Serpin E1, Fibroblasts, Helicobacter pylori, p38 MAPK, Angiogenesis

Background

Gastric cancer (GC) is one of the most common malig-
nant diseases globally, with a fifth-place incidence and
fourth-place mortality in 2021 [1]. The 5-year survival
of GC remains below 25%, with lymph node metastasis
occurring in over 10% of early-stage cases [2]. The patho-
genesis of GC is complex and remains incompletely elu-
cidated. Key factors influencing GC development include
Helicobacter pylori (H. pylori) infection, tumor micro-
environment (TME), host polymorphisms, and gene
expression disorders. Of these, H. pylori infection is the
strongest risk factor [3]. In 2018, H. pylori infection was
estimated to be responsible for approximately 89% of new
non-cardia GC cases and 20% of new cardia GC cases.
[4]. The gastric mucosa of over half the world’s popula-
tion is colonized by H. pylori, which can cause chronic
inflammation, ulcers, and even cancer if not completely
eradicated [5].

Several studies have demonstrated a correlation
between GC and H. pylori infection. For example, H.
pylori induces genetic and epigenetic alterations via
chronic inflammation, leading to GC development [6, 7].
H. pylori degrades tumor suppressor or activates onco-
gene to accelerate cell division and tumorigenic trans-
formation and, ultimately, gastric carcinogenesis [8, 9].
Additionally, H. pylori disrupts cell tight junctions to
induce epithelial-to-mesenchymal transition via down-
regulating adhesion molecules IQGAP1 and Afadin in
gastric cells [10, 11]. H. pylori also promotes cancer cell
stemness by activating the NF-kB, ERK, JNK, and Hippo
pathways [12]. Despite all this, the molecular mecha-
nism underlying H. pylori’s promotion of GC develop-
ment remains incompletely understood. Consequently,
researchers have recently focused on investigating the
influence of H. pylori on TME in the stomach.

TME consists of diverse cellular components, includ-
ing normal fibroblasts, cancer-associated fibroblasts
(CAFs), immune cells, endothelial cells, etc., soluble
molecules like chemokines, enzymes, cytokines, etc.,
and extracellular matrix (ECM). Notably, the interac-
tion between fibroblasts and cancer cells not only pro-
motes tumor development but also triggers the activation
of fibroblasts [13]. The study by Krzysiek-Maczka and

co-authors demonstrated that the infection with H. pylori
induced the activation of gastric fibroblasts, leading to
the induction of epithelial-to-mesenchymal transition
in gastric RGM-1 cells through the secretion of trans-
forming growth factor [14]. Furthermore, infection with
H. pylori elevated the expression of VCAM1 in CAFs
to promote GC cell invasion via the JAK/STAT1 path-
way [15]. In our recent study [16], we reported that the
association among H. pylori, normal fibroblasts, and GC
cells induced the activation of fibroblast into CAFs and
upregulation of Serpin family E member 1 (Serpin E1)
by GC cells, thereby promoting gastric carcinogenesis.
However, it remains unclear whether Serpin E1 is pro-
duced by fibroblasts or cancer cells in the inflammatory
microenvironment induced by H. pylori, and the underly-
ing mechanism by which Serpin E1 promotes GC devel-
opment remains elusive.

In physiological conditions, Serpin E1 (also called PAI-
1) is found in plasma at low concentrations, ranging from
5 to 50 ng/mlL, in its active conformation. Conversely,
it is predominantly retained in platelets at significantly
higher levels (about 300 ng/mlL) in its latent conforma-
tion, exhibiting only 2-5% functional activity [17]. Upon
platelet activation, Serpin E1 was converted into active
form and released into plasma to trigger the plasmino-
gen/plasmin system through the inhibition of tissue- and
urokinase-type plasminogen activators (uPA and tPA)
[18]. As a direct inhibitor of tPA and uPA, Serpin E1
prevents plasminogen activation and fibrin clot degra-
dation, thereby contributing to thrombosis development
in pathological conditions associated with cardiovascu-
lar disease [19]. In addition, uPA-mediated plasmino-
gen activation can induce pericellular proteolysis, tissue
remodeling, and cell migration that favor tumor devel-
opment [17]. Therefore, it is plausible that Serpin E1
may exert anti-tumor effects. However, recent studies
find that Serpin E1 is overexpressed in certain forms of
tumor and exhibits a positive correlation with tumor
progression [20]. Growth factors, chemokines, and envi-
ronmental stress, directly and indirectly, regulate Ser-
pin E1 expression [21]. It should be noted that most of
these findings were primarily derived from investigations
involving epithelial cancer cells.
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The present study revealed that Serpin E1 was pri-
marily expressed in CAFs, and its expression and secre-
tion were enhanced upon infection with H. pylori, which
further induced the expression of Serpin E1 in GC cells
through their interaction. Serpin E1 derived from these
cells and recombinant human Serpin E1 (recSerpin EI,
140-04, PeproTech, USA) activated chemotactic migra-
tion and p38 mitogen-activated protein kinase (MAPK)
/ vascular endothelial growth factor (VEGF) A-mediated
angiogenesis of endothelial cells, thereby promoting GC
cell proliferation and peritoneal dissemination. Here, our
results uncover a novel mechanism underlying the devel-
opment and progression of H. pylori-induced GC.

Materials and methods

H. pylori strain and cell lines

The East Asian strain H. pylori GZ7 (cagA +) was previ-
ously isolated from a Chinese patient with GC [22]. The
AGS human GC cell line (CRL-1739) and Hs738 human
gastric fibroblast cell line (CRL-7869) were obtained
from the American Type Culture Collection (ATCC,
USA). Human GC cell line (MKN45) and the umbilical
vein endothelial cells (HUVECs) were purchased from
the Shanghai Cell Bank of the Chinese Academy of Sci-
ences (Shanghai, China). Three primary CAFs and GC
cells from the same patients with GC were previously iso-
lated from resected GC tissues [16]. All cells and strains
were tested to eliminate the possibility of mycoplasma
contamination. Informed consent was obtained from
all patients, and the research was approved by Guizhou
Medical University (No. 2017(43)).

H. pylori was cultured on Columbia blood agar plates
supplemented with 10% sheep blood and 100 U/ml of H.
pylori selective supplement (Oxoid, Basingstoke, UK) in
a microaerobic environment with a temperature of 37 °C.
All cells were grown in DMEM (D6429, Sigma, USA)
supplemented 10% fetal bovine serum (FBS, #16000—044,
Gibco, USA) and 1% penicillin—streptomycin (SV30010,
Hyclone, USA).

Knockdown of Serpin E1

The siRNA targeting Serpin E1 (siSerpin E1) and control
scrambled siRNA (siNC) were obtained from GeneP-
harma Co., Ltd. (Shanghai, China). CAFs (2x10° cells)
were grown in a 6-well plate and transfected with siSer-
pin E1 and siNC with Lipofectamine 2000 (#11668019,
Invitrogen, Waltham, MA). Forty-eight hours later, the
cells were harvested for western blotting and RT-qPCR
analysis to determine Serpin Elexpression. The sequence
for siSerpin E1 (5'-3") was as follows: GCUCAGACC
AACAAGUUCATT; while that of siNC (5'-3") was:
UUCUUCGAACGUGUCACG UTT.
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Construction of Serpin E1 lentivirus vector and generation
of stable cell lines
Lentiviral vector expressing Serpin El-enhanced green
fluorescent protein (EGFP, non-fusion) and an EGFP-
expressing control vector was constructed by JiKai
Gene Company (Shanghai, China). Briefly, the human
coding sequence (CDS) of Serpin E1(NM_000602)
was obtained from the GenBank and synthesized with
Agel and Nhel restriction enzyme sites at the two ter-
minals. After restriction digestion with Agel and Nhel,
the Serpin E1 CDS was ligated into the GV367 plasmid
(Ubi-(Agel)MCS(Nhel)-SV40-EGFP-IRES-puromycin,
Ji Kai), followed by transformation into E. coli DH5a.
Subsequently, DH5a cells were cultured, and recom-
binant plasmid DNA was extracted for identification
through sequencing. After successful construction of
the recombinant GV367 lentiviral vector, GV367 and
helper 1.0 and helper 2.0 (auxiliary packaging plasmids,
obtained from JiKai Company) co-transfected into
293T cells using Lipofectamine TM 2000. Seventy-two
hour later, the supernatant of the 293T cells was col-
lected and purified by ultracentrifugation to obtain len-
tiviral particles carrying Serpin E1. Finally, viral titers
were determined using a Luminescent assay.
Subsequently, CAFs and Hs738 cells (2x10% were
infected with Serpin E1-EGFP lentivirus and an EGFP-
expressing control lentivirus. After 12 h, the culture
medium was replaced. Once an infection efficiency of
over 90% was reached through microscopic observation
of EGFP fluorescence, puromycin (3 pg/ml) was intro-
duced for selection in the cultures. Following a two-
week period, stable cell lines overexpressing Serpin E1
were established for subsequent detection of Serpin E1
expression.

Western blotting

The western blotting procedure was conducted accord-
ing to standard protocols. Cells were lysed for 10
min with RIPA lysis solution (89,901, ThermoFisher,
USA) supplemented with 1% protease inhibitors
(#11873580001, Roche, USA). Subsequently, the lysates
were subjected to electrophoresis in 12% SDS-PAGE
gels after boiling at 100 °C for 10 min. The proteins
were transferred to a PVDF membrane (Millipore,
USA). The membranes were then pretreated with non-
fat milk and subsequently incubated with primary and
secondary antibodies. Protein bands were detected
using ECL luminescent solution (Millipore), followed
by quantification using Image ] software. The detailed
information regarding the antibodies utilized can be
found in Additional file 1: Table S1.
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Immunohistochemistry (IHC)

Subcutaneous xenograft tumors and intraperitoneal
tumors were excised from nude mice that were killed by
an overdose of anesthesia. The tumors were fixed in 10%
formalin, followed by paraffin embedding and sectioning
into 5-pm thick slices. Deparaffinization of the slices was
performed using xylene, followed by rehydration with
a series of increasing ethanol concentrations. Antigen
retrieval was achieved through high-pressure treatment
in 0.01 M citrate buffer (pH 6.0), while endogenous per-
oxidases were inhibited using 3% H,O,. After that, the
slices were incubated at 4 °C overnight with primary anti-
bodies, including Ki67, Serpin E1, CD31, and VEGFA,
followed by a 2-h incubation with HRP-conjugated sec-
ondary antibodies at room temperature. The signals were
then visualized with a DAB kit (ab64238, Abcam, UK),
The DAB-visualized slices were counterstained in hema-
toxylin, acid alcohol, and deionized water in sequential
order. Subsequently, the slices underwent dehydrated
in graded ethanol and cleared with xylene. Microscopic
image was captured. Staining was quantified with Image
J analysis software, and IHC score was determined by
multiplying the percentage score with the intensity score.
Details of antibodies used for immunohistochemistry are
provided in Additional file 1: Table S1.

Immunofluorescence

Cells, including H. pylori-infected CAFs, HUVECs co-
cultured indirectly with Hs738 overexpressing Serpin
El, and recSerpin El-treated HUVECs, were grown in
24-well plates on a cover slide for 72 h and fixed using 4%
paraformaldehyde. Following permeabilization with 0.3%
Triton X-100 and blocking with 5% BSA (#15260037,
ThermoFisher), anti-Serpin E1 and anti-VEGFA antibod-
ies were added to the slide overnight at 4 °C. This cover
slide was then treated using a secondary antibody con-
jugated to fluorochrome for 2 h, and cell nucleus was
stained by DAPI. Following images were taken, the inte-
grated immunofluorescence (IF) intensity was quantified
using Image J software.

For polychromatic immunofluorescent staining, tumor
tissues from nude mice were fixed in 4% paraformalde-
hyde, embedded in paraffin, and sectioned into slices
with a thickness of 5 cm. Then, the slices were stained
with a four-color multiplex fluorescence immunohis-
tochemical staining kit (abs50012, Absin) following
the manufacturer’s instructions. After dewaxing, clear-
ing, and rehydrating steps, microwave-assisted antigen
retrieval was performed using a sodium citrate buffer,
followed by blocking of endogenous peroxidase activity
with 0.3% H,0, and washing with TBST containing 5%
goat serum. Next, the slices were incubated with primary

Page 4 of 17

antibodies and subsequently treated with HRP-labeled
secondary antibodies (goat anti-rabbit/mouse). The slices
were developed using the fluorescent dye provided in the
kit. Subsequently, the slices underwent another round
of antigen retrieval step followed by incubation with
another primary antibody until complete antigen staining
was achieved. Finally, nuclear visualization was achieved
by counterstaining the slices with DAPI. Confocal images
were acquired using a confocal microscope, and relative
fluorescence intensity was quantified utilizing Image ]
software. The details of antibodies used can be found in
Additional file 1: Table S1.

Human cytokine array

After infecting CAFs with H. pylori for 6 h at an MOI of
50, the free and dead H. pylori were thoroughly washed
with PBS. The cultures were continued for another 7
days. The supernatants from CAFs with or without H.
pylori infection were collected to determine cytokine
levels using a Proteome Profiler Human Cytokine
Array Kit (ARYO005B, R&D Systems, USA), compris-
ing 36 cytokines, following the manufacturer’s protocol.
Briefly, the arrays spotted on nitrocellulose membranes
were blocked at room temperature for 1 h with blocking
buffer. Concurrently, the cell supernatants and a cocktail
of biotinylated detection antibody were mixed and incu-
bated for 1 h at room temperature, followed by overnight
incubation at 4 °C with the membrane. Subsequently,
the membranes were incubated with HRP-conjugated
streptavidin at room temperature for 30 min, followed by
exposure to ECL substrate (Promega, USA). Blots were
visualized by chemiluminescence utilizing ECL. A com-
prehensive list of human cytokines included in this array
refer to our previous publication [16].

Cell Counting Kit-8 (CCK-8) assay

GC cells (0.5x10% treated with recSerpin E1 (1 and 10
ng/ml) were grown in 96-well plates. After culturing for
different time points, 10ul CCK-8 (CK04, Dojindo, Japan)
were added to each well. The absorbance at 450 nm was
measured after a two-hours incubation at 37 °C.

Colony formation assay

CAFs (4.5%10%) were mixed with AGS cells (5x10?) at
a 9:1 ratio and seeded in 12-well plates. Alternatively,
GC cells treated with recSerpin E1 were plated in 6-well
plates. Following a 15-day incubation at 37 °C, cell colo-
nies were stained with 0.5% crystal violet solution and
counted. In the co-culture system, only cancer cells have
the capacity to form colonies, whereas CAFs exhibited
loose growth. Consequently, the colony number repre-
sents the proliferative ability of cancer cells.
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Transwell assay

In 24-well plates, Serpin E1 knockdown CAFs (1 X 10°),
Serpin E1 overexpression CAFs (1x10%), and recSer-
pin E1 (1ng/ml) were added to the lower chamber of
Transwell inserts. GC cells (0.5—1x 10*) were seeded to
the upper chamber with or without Matrigel (#356234,
Corning, NY, USA). After 48 h of co-culture for invasion
assays and 24 h for migration assays or treatment with
recSerpin E1 for 72 h, the migrated and invaded cells
on the lower surface of the membrane were fixed by 4%
paraformaldehyde solution, stained by 0.1% crystal violet,
and counted from five randomly selected fields.

In vivo tumorigenesis assay

The animal research protocol was approved by Guizhou
Medical University’s animal ethics committee (No:
1702155). Primary GC cells (1x 10% and CAFs or Hs738
cells (4x10° stably expressing Serpin E1-EGFP (non-
fusion) or EGFP (Control) were mixed at a ratio of 1:4
in 250 ul of PBS and subsequently subcutaneously and
peritoneally injected into male nude mice (4-week-
old, n=3 or 5 per group) obtained from Chongging
Tengxin Biotechnology (China). Subcutaneous tumor
growth was assessed by monitoring tumor volume
(V=1/2xlength x width?) every two days. On the 24th
or 28th day after cell injection, all mice were killed with
an excessive dosage of anesthesia using 1% pentobarbital
sodium at a dosage of 100 mg/kg (intraperitoneal injec-
tion), and both subcutaneous tumors and peritoneal
tumor nodules were collected for HE, IHC, and immuno-
fluorescence staining.

Chemotaxis assay

In a 6-well plate, CAFs or Hs738 cells were incubated
with H. pylori for 6 h at 50 MOI. Subsequently, the
medium was exchanged for fresh medium to eliminate
any free or dead bacteria. Matrigel was diluted in a ratio
of 1:8 with DMEM and loaded onto an 8 pm pore size
membrane in the upper chamber of Transwell inserts,
which were placed within a 24-well plate. Following
Matrigel polymerization, HUVECs (1x 10*) were seeded
on top of the Matrigel, and fibroblasts, either infected or
uninfected with H. pylori, their respective conditioned
medium (diluted by half using fresh medium), and rec-
Serpin E1 (1 ng/ml) were added into the lower chambers.
After incubation for 48—72 h, the Transwell inserts were
removed and fixed. The migrated HUVECs were stained
with 0.1% crystal violet and counted.

Tube formation assay

Matrigel was diluted 1:4 with DMEM and incubated at
37 °C for 2 h in a 12-well plate or the Transwell lower
chamber within a 24-well plate. After polymerization of
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the Matrigel, HUVECs suspended in DMEM (10% FBS)
were seeded on top of the Matrigel in each plate. Sub-
sequently, recSerpin E1 (1 ng/ml) and an anti-Serpin E1
antibody (2 pg/ml) were added into each well with a time
interval of 6 h in the 12-well plate. Alternatively, Ser-
pin El-overexpressed CAFs (1x10°) were grown in the
upper chamber with a membrane of 0.4-um pore size
(preventing cellular migration through the membrane) in
a 24-well plate. After incubation for 24 or 72 h, the for-
mation of tubular structures by HUVECs in tissue culture
plates or the lower Transwell chambers was observed and
documented using an inverted microscope. The mean
length and branch point of tubes from three independent
wells were quantified using Image ] software.

Enzyme-linked immunosorbent assay (ELISA)

CAFs were grown in 6-well plates and infected with H.
pylori for 6 h. Free-floating bacteria were eliminated by
washing with PBS. After 3 days, the culture superna-
tant was collected to determine Serpin E1 levels using
a human Serpin E1 ELISA kit (EK1136, MultiSciences,
China). Alternately, HUVECs were co-cultured with
Serpin El-overexpressed or control Hs738 cells in both
direct and indirect co-culture systems, where CAFs were
grown in the upper chambers of Transwell insert and
HUVECs in the lower chambers. After 48 h, the cul-
ture supernatants were collected to determine VEGFA
levels using a human VEGFA ELISA kits (EK183,
MultiSciences).

Statistical analysis

The analyses of the data were performed by the SPSS
16.0 software. Image ] software was employed to analyze
the images from tube formation and IHC experiments.
GraphPad Prism 5 was used for graph generation. An
unpaired two-tailed Student’s t-test was utilized to com-
pare the two groups, while two-way and one-way analysis
of variance were employed to compare multiple groups.
Each experiment underwent a minimum of three repeti-
tions. All images shown were representative images from
three independent tests or samples. Data is represented
as mean + standard deviation, with statistically significant
defined as p <0.05.

Results

Infection with H. pylori upregulates the expression

of Serpin E1 in CAFs to promote GC cell proliferation,
migration, and invasion

In our previous studies, we successfully isolated three
primary CAFs and GC cells from GC tissues of three
patients, as well as a H. pylori GZ7 strain from a GC
patient’s stomach mucosa [16, 22]. We observed that
Serpin E1 was predominantly expressed in CAFs but
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almost undetectable in GC cells derived from the same
patients (Fig. 1A). Moreover, infection with H. pylori
enhanced Serpin E1 expression in CAFs, particularly
at 6 h and 3 days post-infection (Fig. 1B). The immu-
nofluorescence analysis revealed a prominent increase
of Serpin E1 in the cytoplasm of CAFs upon H. pylori
infection, whereas it primarily localized to the nucleus
under normal conditions (Fig. 1C). Additionally, the lev-
els of secreted Serpin E1 in culture supernatants derived
from H. pylori-infected CAFs were significantly higher
compared to uninfected CAFs (Fig. 1D), indicating that
infection with H. pylori promoted both expression and
secretion of Serpin E1 by CAFs. Subsequently, a human
cytokine array consisting of 36 cytokines was employed
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to determine the levels of cytokine in the culture super-
natants of H. pylori-infected CAFs after 7 days, following
removal of free H. pylori at 6 h post-infection. Among the
panel of 36 cytokines examined, only Serpin E1, interleu-
kin-8 (IL-8), C-X-C motif chemokine ligand 1 (CXCL1),
and macrophage migration inhibitory factor (MIF) were
upregulated in H. pylori-infected CAFs, with Serpin E1
exhibiting the highest increase (Fig. 1E).

CAFs have been confirmed to interact directly with
cancer cells in the TME [23]. This encouraged us to test
a functional role of Serpin E1 in mediating the crosstalk
between CAFs and GC cells. Six CAFs with Serpin E1
knockdown and overexpression, along with their respec-
tive control cells, were generated (Additional file 1: Fig.
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Fig. 1 H. pylori upregulates Serpin E1 expression in CAFs to promotes the colony formation, migration, and invasion of AGS cells. A Expression
of Serpin E1 was detected in primary GC cells and CAFs from the same patients by western blotting. B, C Expression of Serpin ET was detected
in H. pylori-infected CAFs at an MOI of 50 by western blotting (B) and immunofluorescence (C). Scale bar=10 um. D Serpin E1 concentrations
in the supernatants were determined in CAFs infected with H. pylori for 3 days by ELISA. E Cytokines in the supernatants were measured using
a human cytokine array after infecting CAFs with H. pylori for 7 days, following removal of free H. pylori at 6 h post-infection. MIF: macrophage
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S1) and co-cultured with AGS cells either directly or
using a Transwell system, in which AGS cells were added
into the upper chambers while CAFs were added into
the lower chambers of Transwell inserts. Our results
revealed that knockdown of Serpin E1 in CAFs signifi-
cantly suppressed colony formation, invasion, and migra-
tion of AGS cells (Fig. 1F, H), whereas overexpression of
Serpin E1 in CAFs produced opposite effects (Fig. 1G, I),
suggesting that Serpin E1 derived from CAFs promoted
a malignant phenotype of GC cell in vitro. In addition,
Serpin E1 knockdown also inhibited CAFs growth and
enhanced their apoptosis, while Serpin E1 overexpression
exerted the converse effects (Additional file 1: Fig. S2).

Recombinant human Serpin E1 (recSerpin E1) promotes GC
cell growth, migration, and invasion

To further confirm the tumor-promoting effects of CAFs-
derived Serpin E1, AGS cells, MNK45 cells, and primary
GC cells were exposed to recSerpin E1 at concentrations
of 1 and 10 ng/ml. Consistent with the findings obtained
from CAFs-derived Serpin E1, the exposure to 1 ng/ml
recSerpin E1 significantly enhanced cell proliferation,
colony formation, invasion, and migration in all three
GC cell lines (Fig. 2A—C). However, treatment with 10
ng/ml recSerpin E1 did not induce an increase and even
resulted in a decrease in GC cell growth (Fig. 2A). This
observation suggests that high doses of recSerpin E1 may
exert cytotoxicity on cultured cells.

Fibroblast-derived Serpin E1 promotes xenograft tumor
growth of primary GC cells via inducing angiogenesis

in nude mice

After confirming the pro-tumorigenic role of both
fibroblast-derived Serpin E1 and recSerpin E1 in vitro,
we further investigated their function in driving tumor
growth and progression in vivo. Fibroblasts overex-
pressing Serpin E1, including CAFs and Hs738 cells, or
fibroblasts expressing EGFP (NC) were mixed with pri-
mary GC cells at a 4:1 ratio (fibroblasts: GC cells) and
co-implanted subcutaneously into nude mice. Although
xenograft tumor volume and weight were higher in
the GC+fibroblast NC groups compared to the only
GC groups, no statistically significant differences were
observed between these two groups. However, over-
expression of Serpin El1 in fibroblasts significantly
enhanced subcutaneous tumor growth when compared
to the GC +fibroblast NC groups, as evidenced by sig-
nificantly increased tumor volume and weight in the
GC +fibroblast Serpin E1 groups (Fig. 3A, Additional
file 1: Fig. S3). Histological examination using HE stain-
ing and IHC staining of Ki67 revealed focal necrosis
within the central region of xenograft tumors in the
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GC +fibroblast NC groups; however, overexpression of
Serpin E1 in fibroblasts alleviated central tumor necro-
sis (Fig. 3B, C).

Angiogenesis is crucial for tumorigenesis and tumor
progression by supplying oxygen and nutrients to grow-
ing tumors. CD31, expressed in vascular endothelial cells,
is an essential marker for this process [24]. We observed
elevated levels of CD31 expression within the vascular
endothelial cells of tumor tissues from the GC + fibroblast
Serpin E1 groups compared to those from the GC + fibro-
blast NC groups (Fig. 3B, C), indicating that fibroblast-
derived Serpin E1 induces angiogenesis. In addition, we
also noted a significant increase in Serpin E1 expression
within cancer cells, especially in the GC+ fibroblast Ser-
pin E1 groups (Fig. 3B, C), despite the absence of Serpin
E1 expression in cancer cells cultured in vitro.

Fibroblast-derived Serpin E1 promotes peritoneal
dissemination of primary GC cells via enhancing VEGFA
expression and angiogenesis in nude mice

Peritoneal dissemination is an excellent indicator of GC
progression and metastasis. Therefore, Fibroblast (Hs738
cells) overexpressing Serpin E1 (Hs738 Serpin E1) or the
negative control (Hs738 NC) were intraperitoneally co-
injected with primary GC cells into nude mice at a 4:1
cell ratio. Our findings revealed an increased tumor nod-
ules within the peritoneal cavity of mice co-injected with
Hs738 Serpin E1 and GC cells, compared to those co-
injected with Hs738 NC and GC cells and injected with
GC cells alone (Fig. 4A, B). Furthermore, we observed a
higher number of tumor nodules in the GC+Hs738 NC
group compared to the GC group (Fig. 4A, B), suggesting
that fibroblasts could enhance peritoneal spreading of GC
cells, with Serpin E1 overexpression in fibroblasts exhib-
iting the most potent promotion effects. Similar to sub-
cutaneous xenograft tumors, all three groups displayed
focal necrosis within tumor nodules; however, co-injec-
tion of GC cells and Hs738 cells could alleviate tumor
necrosis, particularly in the GC+ Hs738 Serpin E1 group
(Fig. 4C). The positive staining of Ki67 within these nod-
ules further supported this finding (Fig. 4C, D). Moreo-
ver, as the expression of Serpin E1 in fibroblasts increased
progressively from the GC group to the GC+Hs738 NC
group and finally to the GC +Hs738 Serpin E1 group, the
expression of angiogenesis-related factors VEGFA and
CD31 also exhibited progressive upregulation (Fig. 4C,
D), indicating that fibroblast-derived Serpin E1 promote
neovascularization within tumors. Additionally, all three
groups showed the expression of Serpin E1 by GC cells
within tumor nodules; however, the highest expression
levels were observed in the GC+Hs738 Serpin E1 group
(Fig. 4C, D).
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Fibroblast-derived Serpin E1 promotes Serpin E1
expression in GC cells in xenograft tumors of nude mice

In our previous study, we confirmed in vitro that CAFs
induced Serpin E1 expression in cancer cells through
direct contact and indirect co-culture within a Transwell
system using IHC and western blotting [16]. In the pre-
sent study, we also observed the strongest straining for
Serpin E1 in cancer cells of subcutaneous and peritoneal
tumor when co-injected with fibroblasts overexpressing

Serpin E1 in nude mice. To further validate this obser-
vation, polychromatic immunofluorescent staining was
employed to assess Serpin E1 expression in cancer cells
labeled with cytokeratin 18 (CD18), an epithelial cell-
specific marker, within tumors. The results revealed a
significant increase in merged fluorescence intensity of
Serpin E1 and CK18 in both subcutaneous and peritoneal
tumors co-injected with GC cells and Serpin E1-overex-
pressed fibroblasts compared to those co-injected with
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GC cells and control fibroblasts (Fig. 5A, B). The quan-
titative analysis showed that the fluorescence intensity of
Serpin E1, relative to CK18, was significantly higher in
the co-injection groups of GC cells and Serpin El-over-
expressed fibroblasts compared to the co-injection
groups of GC cells and control fibroblasts in both sub-
cutaneous and peritoneal tumors (Fig. 5A, B), while no
significant difference was observed in DAPI fluorescence
intensity between the two corresponding compared
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groups (Additional file 1: Fig. S4). These findings further
confirmed our hypothesis that fibroblast-derived Serpin
E1 induced its expression in cancer cells.

Fibroblast-derived Serpin E1 increases migration,
proliferation, tube formation, and VEGFA expression

of HUVECs

Tumor neovascularization involves the proliferation,
migration, and tube formation of endothelial cell [25].
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Therefore, H. pylori-infected fibroblasts (including CAFs
and Hs738 cells) and their conditioned media were co-
incubated with HUVECs using Transwell inserts, where
HUVECs were seeded to the Matrigel-coated upper
chamber while fibroblasts and conditioned media were
added to the lower chamber. Both infection of fibroblasts
with H. pylori and the conditioned medium significantly
increased the migration of HUVECs from the Transwell
upper to lower chambers (Fig. 6A). Furthermore, Serpin
E1 derived from fibroblasts not only stimulated tube for-
mation of HUVEC by increasing total tube length and
branch point numbers but also promoted HUVEC pro-
liferation by facilitating cell cycle progression (Fig. 6B,
Additional file 1: Fig. S5).

VEGFA is a potent pro-angiogenic growth factor
involved in cancer initiation and development [24].
We found that overexpression of Serpin E1 in Hs738
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cells could promote VEGFA expression in co-cultured
HUVECs within a Transwell system (Fig. 6C). This find-
ing was further confirmed by immunofluorescence stain-
ing for VEGFA in co-cultured HUVECs; here we found
a significant increase in size and fluorescence intensity
of VEGFA-positive cells when co-cultured with Hs738
Serpin E1 (Serpin E1 overexpression) compared to co-
culture with Hs738 NC or solely culture of HUVECs
(Fig. 6D). Similarly, there was a significant enhancement
in the levels of secreted VEGFA in the supernatants from
direct or indirect co-culture of HUVECs and Hs738
cells overexpressing Serpin E1 (Fig. 6E). Moreover, both
expression and secretion of VEGFA were elevated when
comparing co-cultured group of HUVECs and Hs738
cells with solely cultured group of HUVECs (Fig. 6C-E).
Additionally, the knockdown of Serpin E1 decreased
VEGFA expression while its overexpression increased

£
2
£
=]
4
2
o
2
S
2

Upper
Lower

Hs738 Serpin E1
HUVEC

Hs738 NC
HUVEC

HUVEC

»
g

8
H

(Relative to DAPI)
3 3

erpin E1 flurorescence intensity
3

S
i

HUVEC HUVEC HUVEC

Upper Serpin E*

(Hs738)

NC

Fig. 6 Infection with H. pylori and Serpin E1 overexpression in fibroblasts promote the migration, tube formation, and VEGFA expression of HUVECs.
A Chemotactic migration of HUVECs was assessed by Matrigel-coated Transwell assay, wherein HUVECs were seeded in the upper chamber

while fibroblasts with and without H. pylori infection or their conditioned medium were added into the lower chamber. Scale bar=200 um. B Tube
formation of HUVECs on Matrigel was assessed by a Transwell co-cultured model, where CAFs overexpressing Serpin E1 were added in the upper
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VEGFA expression in CAFs (Additional file 1: Fig. S5).
These findings suggested that HUVECs and CAFs may be
crucial sources of VEGFA within the TME of GC.

recSerpin E1 enhances the migration, tube formation,

and p38 MAPK-dependent VEGFA expression in HUVECs
To further elucidate the underlying mechanism behind
Serpin E1-mediated promotion of GC, recSerpin E1 was
used to treat HUVECs at a concentrate of 1 and/or 5 ng/
ml. The results demonstrated that recSerpin E1 signifi-
cantly increased HUVEC migration from the Transwell
upper chamber through a Matrigel-coated membrane to
the lower chamber (Fig. 7A). Immunofluorescence stain-
ing and western blotting revealed that treatment with
recSerpin E1 enhanced VEGFA expression in HUVECs
(Fig. 7B, C). Moreover, recSerpin E1 induced a greater
tube formation of HUVEC:, as evidenced by a significant
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increase in both total tube length and branch point num-
bers compared to the control group (Fig. 7D). Further-
more, the addition of anti-Serpin E1 antibody (2 pg/ml)
suppressed Serpin El-mediated VEGFA expression and
tube formation in HUVECs (Fig. 7D, E).

VEGFA activation and subsequent tumor metastasis
are tightly linked to three key MAPK signaling pathways:
p38, ERK1/2, and JNK [26]. We found that recSerpin
El enhanced the phosphorylation of p-38 MAPK and
the expression of VEGFA but had no significant effects
on ERK1/2 and JNK MAPKs compared to the controls
in HUVECs. The addition of anti-Serpin E1 antibody (2
pg/ml) or (E)-osmundacetone, a universal inhibitor of
MAPK phosphorylation, effectively suppressed recSerpin
El-induced p-38 phosphorylation and VEGFA expression
(Fig. 7F), indicating that Serpin E1 promoted VEGFA
activation via the p38 MAPK pathway in HUVECs. In
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addition, treatment with (E)-osmundacetone elevated
the phosphorylation of ERK1/2 and JNK with unknown
reason.

Discussion

The infection with H. pylori stimulates the production
and secretion of chemokines and cytokines by epithelial
cells into the ECM, thereby contributing to tumor initia-
tion and progression. However, Serpin E1 has received
limited attention in this context. Microarray and RNA
sequencing data analysis from GC tissues revealed that
Serpin E1 was overexpressed in cancer tissues com-
pared to peri-cancer tissues, and its overexpression was
related to poorer patient survival [27]. Suh et al. [28]
reported that Serpin E1 was upregulated over twofold
in GC patients with advanced stages and lymph node
metastases. Previous studies primarily focused on Serpin
E1 expression in cancer cells [29]. However, the present
study demonstrates that Serpin E1 expression is pre-
dominantly found in CAFs rather than cancer cells in
GC tissues from the same patients, and H. pylori infec-
tion specifically promotes the expression of Serpin E1 in
CAFs.

The expression of Serpin El1 in H. pylori-infected
CAFs was found to be independent of other chemokines
and cytokines, despite the known regulation of Serpin
El transcription by transforming growth factor-beta 1
(TGF-bl), interleukin (IL)-6, and tumor necrosis fac-
tor (TNF)-a, in renal and adipose tissues [30, 31]. Our
study, using a human cytokine array consisting of 36
chemokines and cytokines such as IL-6, TNF, IL-8, and
others, revealed that only Serpin E1, MIF, IL-8, and
CXCL1 were detected in the supernatant of H. pylori-
infected CAFs. Notably, among these factors examined,
Serpin E1 exhibited the highest abundance, suggesting a
directly stimulation of its production by CAFs upon H.
pylori infection. This finding is partially supported by
Keates et al. [32], who reported that soluble factors from
media separated from bacteria using a 0.1-pm filter did
not affect the release of Serpin E1 by AGS cells.

Our study, including previous research [16], con-
firms that the interaction between fibroblasts and GC
cells induces the expression of Serpin E1 in cancer cells.
Importantly, the overexpression of Serpin E1 in fibro-
blasts has the strongest induction effects despite its low
expression in GC cells in vitro. Furthermore, the over-
expression of Serpin E1 in both fibroblast and GC cell
enhance cancer cell proliferation, invasion, and migration
in vitro, as well as subcutaneous tumor growth and/or
intraperitoneal dissemination in nude mice. Conversely,
knocking down Serpin El in fibroblasts exhibits the
opposite effect in vitro. Similar results are also obtained
when treating GC cells with recSerpin E1. Collectively,
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our findings reveal that H. pylori infection promotes Ser-
pin E1 expression in fibroblasts, which then interact with
GC cells to induce its expression in cancer cells, thereby
jointly contributing to GC development and progression.
However, the underlying mechanism remains unclear.

Serpin E1 has three distinct conformational states that
are determined by the state of its reactive center loop
(RCL) state: a metastable active form with an intact RCL
exposed at the molecule surface, capable of binding to
and inhibiting uPA/tPA activity; a stable latent form with
an internalized and intact RCL within the protein core;
and a cleaved form with a disrupted RCL [33]. Based
on its structure characteristics, Serpin E1 interacts with
uPA/tPA, vitronectin, and lipoprotein receptor through
distinct domains [20]. The interaction between Serpin
El and vitronectin stabilizes the active conformation of
Serpin E1 by slowing the conversion of active to latent
form, thereby modulating vitronectin and plasmin activ-
ity for ECM remodeling and promotion of angiogenesis
in vivo [34]. However, in vitro experiments lacking ECM
have shown that H. pylori infection, fibroblast- or GC
cell-derived Serpin E1, and recSerpin E1 exert chemo-
tactic and pro-proliferative effects on HUVECs, as well
as stimulating tube formation of HUVECsS in the present
study. The findings suggest the involvement of alternative
mechanism in Serpin E1-induced angiogenesis.

VEGFA serves as a key regulator of tumor angiogen-
esis, exerting precise control over the migration, prolif-
eration, and vascular permeability of vascular endothelial
cells. In malignancies, it is synthesized by diverse types
of cells such as tumor and stromal cells like endothelial
cells [35]. Hypoxia-inducible factor la and inflamma-
tory cytokines like TNFa and interleukins have been
demonstrated to induce VEGFA transcription [36]. Here,
we found that Serpin E1, a new inflammatory cytokine
secreted by fibroblasts and GC cells upon H. pylori infec-
tion, enhanced VEGFA expression and secretion, as well
as tube information in HUVECs. This result was fur-
ther supported by treating HUVECs with recSerpin E1.
Moreover, blocking Serpin E1 using an anti-Serpin E1
antibody effectively suppressed recSerpin El1-mediated
increases in VEGFA expression and tube formation in
HUVECs. Furthermore, tumorigenicity assays on nude
mice revealed that fibroblast-derived Serpin E1 promoted
angiogenesis and/or VEGFA expression in subcutaneous
and peritoneal tumors. Our previous study also unveiled
an increased angiogenesis formation in the subcutaneous
tumor of nude mice injected with GC cells overexpress-
ing Serpin E1 [16]. Interestingly, Serpin E1 also stimu-
lates VEGFA expression in CAFs in vitro, suggesting
that both HUVECs and CAFs may serve as the primary
sources of VEGFA within the gastric tumor microenvi-
ronment infected by H. pylori. MAPKs constitute a vast
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family of serine/threonine kinases, with ERK, p38, and
JNK-mediated pathways playing a pivotal role. Upon
receiving stimuli such as reactive oxygen species induced
by H. pylori infection, it initiates a phosphorylation cas-
cade of MAPKs, resulting in multiple cellular responses
encompassing cell proliferation, apoptosis, invasion,
metastasis, autophagy, et al. These responses are linked
to the malignant behavers of tumor cells [37]. The acti-
vation of the p38 MAPK pathway induced by H. pylori
infection in MKN45 cells has been shown to upregulate
VEGFA expression through the use of its specific inhibi-
tor SB203580 [38]. In liver cancer HepG2 cells, Panahi
et al. [39] revealed that high glucose-induced inflamma-
tory responses led to Serpin E1 upregulation, accom-
panied by activation of three crucial MAPK pathways.
Therefore, we co-treat HUVECs with recSerpin E1 and
(E)-osmundacetone (a universal inhibitor of MAPK
phosphorylation), resulting in a significant reduction
only in p38 MAPK phosphorylation levels accompanied
by downregulation of VEGFA. This finding suggests that
Serpin E1 facilitates VEGFA expression by activating the
p38 MAPK signaling pathway in HUVECs. Therefore,
Serpin E1 derived from fibroblasts and subsequently can-
cer cells stimulates VEGFA expression through the p38
MAPK pathway in HUVECsS, thereby contributing to GC
development and progression.

Additionally, we observed that Serpin E1 at a concen-
tration of 10 ng/mL, below the normal plasma levels of
5-50 ng/ml, exhibited inhibitory rather than promotional
effects on the in vitro growth of GC cells. Conversely,
Fang’s study used 10 ng/mL recSerpin E1 (obtained from
the same company) to stimulate colony formation and
migration of breast cancer SKBR-3 cells but did not pro-
vide information regarding seeded cell density [40]. The
underlying reason for this discrepancy remained unclear.
We speculated that the use of 96-well plates in our exper-
iment and a relatively low cell density (0.5x 10 seeded
in the culture plates may result in cytotoxicity and sub-
sequent growth inhibition at a concentration of 10 ng/ml
recSerpin E1. Furthermore, the specific type of GC cells
used in our study might also contribute to the observed
cytotoxicity at this concentration.

Conclusions

This study elucidates a novel mechanism through which
H. pylori infection promotes GC tumorigenesis and
progression: H. pylori infection induces fibroblasts,
especially CAFs, to upregulate Serpin E1 expression,
subsequently triggering its expression in cancer cells
by reciprocal interaction. The Serpin E1 derived from
these two cell types then stimulates the migration and
angiogenesis of HUVECs by activating p38 MAPK-
mediated VEGFA expression, ultimately facilitating GC
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tumorigenesis and progression. Targeting Serpin E1
signaling represents a potential therapy choice for H.
pylori-induced GC.
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ELISA Enzyme-linked immunosorbent assay
GC Gastric cancer

ECM Extracellular matrix

EGFP Enhanced green fluorescent protein
H. pylori Helicobacter pylori

HUVECs Human umbilical vein endothelial cells
IF Immunofluorescence

IHC Immunohistochemistry

IL Interleukin

MAPK Mitogen-activated protein kinase

MIF Macrophage migration inhibitory factor
PAI-1 Plasminogen activator inhibitor-type |
recSerpin E Recombinant human Serpin E1

Serpin E1 Serpin family E member 1

TME Tumor microenvironment

TNF Tumor necrosis factor

tPA Tissue-type plasminogen activator
uPA Urokinase-type plasminogen activator
VEGFA Vascular endothelial growth factor

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512935-023-03177-1.

Additional file 1: Figure S1. Identification of Serpin E1 expression in Ser-
pin E1-knocked down and -overexpressed cancer-association fibroblasts
(CAFs) by RT-gPCR and western blotting. "P < 0.05; P < 0.01; P < 0.001.
Figure S2. Knockdown and overexpression of Serpin E1 impact the
growth and apoptosis of CAFs. A, C Knockdown (A) or overexpression (C)
of Serpin E1 inhibits or increases the viability of CAFs by CCK8 assay. B, D
Knockdown (B) or overexpression (D) of Serpin ET promotes apoptosis

or protects against As,O;-induced apoptosis in CAFs by flow cytometry.
Line and bar graphs show the mean + SD; *p < 0.05, **p < 0.01, and

***p < 0.001. Figure S3. Identification of Serpin E1 protein expression in
Serpin E1-overexpressed Hs738 cells (a human gastric fibroblast cell line).
Figure S4. DAPI fluorescence intensity in Figure 5 was quantified in the
subcutaneous (A) and peritoneal (B) tumors using Image J software. Data
was presented as the mean + SD (n=3), with “ns"indicating no statistically
significant difference. Figure S5. Fibroblast-derived Serpin ET1promptes
the cycle progression of HUVECs and VEGFA expression in CAFs. A Cell-
cycle distribution was analyzed by flow cytometry in HUVECs co-cultured
with Serpin E1-overexpressed Hs738 cells. B Quantification of cell-cycle
distribution. C Western blotting analysis of VEGFA in Serpin E1 knock-
down and overexpression CAFs. Data were presented as the mean + SD;
***¥p<0.001. Table S1. Primary and secondary antibodies used in the study.

Acknowledgements
The authors thank the National Natural Science Foundation of China and the
Natural Science Foundation of Guizhou Province.

Author contributions

JJZ and YZ designed the study. WC, YHL, and YX performed the experiments.
LLL and YJC collected patient samples and analyzed data. QRW and YZ wrote
and revised the manuscript. ZJJ provided final approval for submission. All
authors contributed to the article and approved the final manuscript.


https://doi.org/10.1186/s12935-023-03177-1
https://doi.org/10.1186/s12935-023-03177-1

Cheng et al. Cancer Cell International (2023) 23:326

Funding

This study was supported by the National Natural Science Foundation of
China (32160166, 82260405) and the Natural Science Foundation of Guizhou
Province (ZC[2020]14Y026, JC[2020]12010, JC[2020]1Y333, ZK[2022]041).

Availability of data and materials

All data generated during this work is located within the article and Additional
file. Upon reasonable request, more information is available from the cor-
responding author.

Declarations

Ethics approval and consent to participate

Participants had given their written informed consent prior to entering the
study. Guizhou Medical University Ethics Committee approved the study (No.
2017(43)). All animal experiments were approved by the Guizhou Medical
University care ethics committee (No: 1702155).

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests.

Author details

"Key Laboratory of Endemic and Ethnic Diseases, Ministry of Education & Key

Laboratory of Medical Molecular Biology of Guizhou Province, Guizhou Medi-

cal University, Guiyang, China. “Department of Hematology, Affiliated Hospital
of Guizhou Medical University, Guiyang, China. *Prenatal Diagnosis Center

of Qianxinan People’s Hospital, Xingyi, China.

Received: 4 September 2023 Accepted: 7 December 2023
Published online: 16 December 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. MatsuokaT, Yashiro M. Biomarkers of gastric cancer: current topics and
future perspective. World J Gastroenterol. 2018;24(26):2818-32.

3. Zhang X, Shi D, Liu YP, Chen WJ, Wu D. Effects of the Helicobacter pylori
virulence factor CagA and ammonium ion on mucins in AGS cells. Yonsei
Med J. 2018;59(5):633-42.

4. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis.
Lancet Glob Health. 2020:8(2):e180-90.

5. Crowe S. Helicobacter pylori infection. N Engl J Med.
2019;380(12):1158-65.

6. Hatakeyama M. Helicobacter pylori CagA and gastric cancer: a paradigm
for hit-and-run carcinogenesis. Cell Host Microbe. 2014;15(3):306-16.

7. Maeda M, Moro H, Ushijima T. Mechanisms for the induction of gastric
cancer by Helicobacter pylori infection: aberrant DNA methylation path-
way. Gastric Cancer. 2016;20(S1):8-15.

8. Costal, Corre S, Michel V, Le Luel K, Fernandes J, Ziveri J, et al. USF1
defect drives p53 degradation during Helicobacter pylori infection and
accelerates gastric carcinogenesis. Gut. 2020;69(9):1582-91.

9. Horvat A, Noto JM, Ramatchandirin B, Zaika E, Palrasu M, Wei J, et al.
Helicobacter pylori pathogen regulates p14ARF tumor suppressor and
autophagy in gastric epithelial cells. Oncogene. 2018;37(37):5054-65.

10. Marques MS, Melo J, Cavadas B, Mendes N, Pereira L, Carneiro F, et al.
Afadin downregulation by helicobacter pylori induces epithelial to mes-
enchymal transition in gastric cells. Front Microbiol. 2018;9:2712.

11. CaronTJSK, Fox JG, Hagen SJ. Tight junction disruption: Helicobacter pylori
and dysregulation of the gastric mucosal barrier. World J Gastroenterol.
2015;21:11411-27.

13.

14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 16 of 17

Seeneevassen L, Bessede E, Megraud F, Lehours P, Dubus P, Varon C.
Gastric cancer: advances in carcinogenesis research and new therapeutic
strategies. Int J Mol Sci. 2021,22(7):3418.

Dzobo K, Dandara C. Architecture of cancer-associated fibroblasts in
tumor microenvironment: mapping their origins, heterogeneity, and role
in cancer therapy resistance. OMICS. 2020;24(6):314-39.

Krzysiek-Maczka G, Wrobel T, Targosz A, Szczyrk U, Strzalka M, Ptak-
Belowska A, et al. Helicobacter pylori-activated gastric fibroblasts induce
epithelial-mesenchymal transition of gastric epithelial cells in vitro in a
TGF-beta-dependent manner. Helicobacter. 2019;24(5): e12653.

Shen J, Zhai J, You Q, Zhang G, He M, Yao X, et al. Cancer-associated
fibroblasts-derived VCAM1 induced by H. pylori infection facilitates tumor
invasion in gastric cancer. Oncogene. 2020;39(14):2961-74.

Chen X, Chen W, Zhao Y, Wang Q, Wang W, Xiang Y, et al. Interplay of Heli-
cobacter pylori, fibroblasts, and cancer cells induces fibroblast activation
and serpin E1 expression by cancer cells to promote gastric tumorigen-
esis. J Transl Med. 2022;20(1):322.

Sillen M, Declerck PJ. A narrative review on plasminogen activator inhibi-
tor-1 and its (patho)physiological role: to target or not to target? Int J Mol
Sci. 2021;22(5):2721.

Booth NA, Croll A, Bennett B. The activity of plasminogen activator inhibi-
tor-1 (PAI-1) of human platelet. Fibrinolysis Proteolysis. 1990;4(SUPPL.
2):138-40.

Kwaan H, Lindholm P. Fibrin and fibrinolysis in cancer. Semin Thromb
Hemost. 2019;45(4):413-22.

Kubala M, DeClerck Y. The plasminogen activator inhibitor-1 para-

dox in cancer: a mechanistic understanding. Cancer Metastasis Rev.
2019;38(3):483-92.

Li S, Wei X, He J, Tian X, Yuan S, Sun L. Plasminogen activator inhibitor-1 in
cancer research. Biomed Pharmacother. 2018;105:83-94.

Zeng X, Xiong L, Wang W, Zhao Y, Xie Y, Wang Q, et al. Whole-genome
sequencing and comparative analysis of Helicobacter pylori GZ7 strain
isolated from China. Folia Microbiol (Praha). 2022,67(6):923-34.

Wong KY, Cheung AHK, Chen B, Chan WN, Yu J, Lo KW, et al. Cancer-
associated fibroblasts in non small cell lung cancer: from molecular
mechanisms to clinical implications. Int J Cancer. 2022;151(8):1195-215.
Lugano R, Ramachandran M, Dimberg A. Tumor angiogenesis: causes,
consequences, challenges and opportunities. Cell Mol Life Sci.
2020;77(9):1745-70.

Katayama Y, Uchino J, Chihara Y, Tamiya N, Kaneko Y, Yamada T, et al.
Tumor neovascularization and developments in therapeutics. Cancers.
2019;11(3):316.

Kciuk M, Gielecifiska A, Budzinska A, Mojzych M, Kontek R. Metastasis and
MAPK pathways. Int J Mol Sci. 2022;23:3847.

LiL, Zhu Z ZhaoY, Zhang Q Wu X, Miao B, et al. FN1, SPARC, and SER-
PINET are highly expressed and significantly related to a poor prognosis
of gastric adenocarcinoma revealed by microarray and bioinformatics. Sci
Rep. 2019;9(1):7827.

SuhYS, Yu J, Kim BC, Choi B, Han TS, Ahn HS, et al. Overexpression of plas-
minogen activator inhibitor-1 in advanced gastric cancer with aggressive
lymph node metastasis. Cancer Res Treat. 2015;47(4):718-26.

Yang JD, Ma L, Zhu Z. SERPINET as a cancer-promoting gene in gastric
adenocarcinoma: facilitates tumour cell proliferation, migration, and
invasion by regulating EMT. J Chemother. 2019. https://doi.org/10.1080/
1120009X.2019.1687996.

Pandey M, Loskutoff DJ, Samad F. Molecular mechanisms of tumor
necrosis factor-a-mediated plasminogen activator inhibitor-1 expression
in adipocytes. FASEB J. 2005;19(10):1317-39.

Rega G, Kaun C, Weiss TW, Demyanets S, Zorn G, Kastl SP, et al. Inflam-
matory cytokines interleukin-6 and oncostatin m induce plasmi-

nogen activator inhibitor-1in human adipose tissue. Circulation.
2005;111(15):1938-45.

Keates AC, Tummala S, Peek RM Jr, Csizmadia E, Kunzli B, Becker K, et al.
Helicobacter pylori infection stimulates plasminogen activator inhibitor 1
production by gastric epithelial cells. Infect Immun. 2008;76(9):3992-9.
Nam D, Seong H, Hahn Y. Plasminogen activator inhibitor-1 and onco-
genesis in the liver disease. J Cell Signal. 2021;2(3):221-7.

Ismail A, Shaker BT, Bajou K. The plasminogen-activator plasmin system
in physiological and pathophysiological angiogenesis. Int J Mol Sci.
2021,23(1):337.


https://doi.org/10.1080/1120009X.2019.1687996
https://doi.org/10.1080/1120009X.2019.1687996

Cheng et al. Cancer Cell International (2023) 23:326 Page 17 of 17

35. Apte RS. VEGF in signaling and disease: beyond discovery and develop-
ment. Cell. 2019;176(6):1248-64.

36. Geindreau M, Bruchard M, Vegran F. Role of cytokines and chemokines in
angiogenesis in a tumor context. Cancers. 2022;14(10):2446.

37. Magnelli L, Schiavone N, Staderini F, Biagioni A, Papucci L. MAP kinases
pathways in gastric cancer. Int J Mol Sci. 2020;21(8):2893.

38. LiuN,Wu Q Wang, Sui H, Liu X, Zhou N, et al. Helicobacter pylori
promotes VEGF expression via the p38 MAPK-mediated COX-2-PGE2
pathway in MKN45 cells. Mol Med Report. 2014;10(4):2123-9.

39. Panahi G, Pasalar P, Zare M, Rizzuto R, Meshkani R. High glucose induces
inflammatory responses in HepG2 cells via the oxidative stress-mediated
activation of NF-kB, and MAPK pathways in HepG2 cells. Arch Physiol
Biochem. 2018;124(5):468-74.

40. FangH, Jin J,Huang D, Yang F, Guan X. PAI-1 induces Src inhibitor
resistance via CCL5 in HER2-positive breast cancer cells. Cancer Sci.
2018;109(6):1949-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Helicobacter pylori-induced fibroblast-derived Serpin E1 promotes gastric cancer growth and peritoneal dissemination through p38 MAPKVEGFA-mediated angiogenesis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	H. pylori strain and cell lines
	Knockdown of Serpin E1
	Construction of Serpin E1 lentivirus vector and generation of stable cell lines
	Western blotting
	Immunohistochemistry (IHC)
	Immunofluorescence
	Human cytokine array
	Cell Counting Kit-8 (CCK-8) assay
	Colony formation assay
	Transwell assay
	In vivo tumorigenesis assay
	Chemotaxis assay
	Tube formation assay
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Infection with H. pylori upregulates the expression of Serpin E1 in CAFs to promote GC cell proliferation, migration, and invasion
	Recombinant human Serpin E1 (recSerpin E1) promotes GC cell growth, migration, and invasion
	Fibroblast-derived Serpin E1 promotes xenograft tumor growth of primary GC cells via inducing angiogenesis in nude mice
	Fibroblast-derived Serpin E1 promotes peritoneal dissemination of primary GC cells via enhancing VEGFA expression and angiogenesis in nude mice
	Fibroblast-derived Serpin E1 promotes Serpin E1 expression in GC cells in xenograft tumors of nude mice
	Fibroblast-derived Serpin E1 increases migration, proliferation, tube formation, and VEGFA expression of HUVECs
	recSerpin E1 enhances the migration, tube formation, and p38 MAPK-dependent VEGFA expression in HUVECs

	Discussion
	Conclusions
	Anchor 34
	Acknowledgements
	References


