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Background: Cancer-associated fibroblasts (CAFs) are vital components of gastric cancer (GC)
microenvironments, which impact the aggressive characteristics of GC cells. The objective of this study is to
evaluate the influence of High Mobility Group Box (HMGB) on CAF-related GC.

Methods: The tissues of 10 GC patients who underwent surgery the Sanya Central Hospital of Hainan
Province from July 2018 to July 2019 were collected for the clinical study. Moreover, the GC cell lines,
including MGC-803, AGS, and SGC-7901, were used in vitro experiment. We investigated the molecular
mechanism of the miR-200b/HMGB3 axis in affecting the chemoresistance and epithelial-mesenchymal
transition (EMT) of GC cells induced by CAFs. Cell transfection, Cell Counting Kit-8 (CCK-8), Transwell
assay, western blot, enzyme-linked immunosorbent assay (ELISA), and other experiments were employed.
Results: We found that miR-200b was down-regulated, yet HMGB3 was up-regulated in CAF-related GC.
The CAFs markedly promoted cisplatin (CDDP) resistance, proliferation, invasion, migration, and EMT of
GC cells. Gain-assay of miR-200b demonstrated that miR-200b inhibited the HMGB3 release from CAFs.
In-vivo experiments confirmed that the growth and EMT of GC cells co-cultured with CAF-miR-200b were
significantly reduced. Furthermore, CAFs enhanced the activation of ERK, JNK, and the Wnt/B-catenin
pathways, and those pathways, as well as the malignant behaviors of GC cells, were obviously attenuated by
miR-200b or HMGB3 silencing.

Conclusions: Collectively, HMGB3 derived from CAFs is negatively regulated by miR-200b and promotes
the malignant behaviors of GC cells.
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Introduction

Gastric cancer (GC) is the most common tumor of the
digestive system. Although the incidence rate of GC
has decreased in recent years, the overall mortality rate
remains the third highest in the world. The incidence of
GC is mainly concentrated in the Western Pacific region
or developing countries, and especially in Japan and China
(1,2). At present, partial or total gastrectomy is the preferred
treatment for GC, followed by chemotherapy. However,
the five-year survival rate of GC patients is still only 4% (3).
Meanwhile, post-treatment complications such as dumping
syndrome, anastomotic fistula, infection, chemoresistance,
and hair loss seriously affect the patient quality of life.
Molecule-targeted therapy has been shown to enhance the
therapeutic effect of malignant tumors.

Fibroblasts contribute to maintaining skin integrity, but
normal fibroblasts can be activated into cancer-associated
fibroblasts (CAFs) in the tumor microenvironment
(TEM) (4). A study has shown that CAFs directly interact
with cancer cells, change the microenvironment, control
the immune reaction, deposit various extracellular matrix
(ECM) components, and stimulate angiogenesis by
regulating paracrine signaling through inflammatory factors,
thus promoting tumor metastasis and invasion (5). Zhang
et al. found that ovarian cancer cells and TEM activate
CAFs, and that gold nanoparticles exert tumor-suppressive
effects by inactivating CAFs (6). Other researchers have
found that CAFs activate the signal transduction of JAK2/
STAT3 by secreting interleukin (IL)-17a, thereby enhancing
GC cell migration and invasion (7). These findings indicate
that CAFs have great potential in cancer treatment.

MicroRNAs (miRNAs) are non-coding small RNA with
a length of 21 to 23 nucleotides, which regulate the target
messenger RNAs (mRNAs) after transcription through
translation inhibition and degradation promotion (8). A
recent study has shown that miRNAs are crucial for the
diagnosis, treatment, and prognosis of cancer. According
to Tsai ef al., miR-122, miR-195-5p, miR-203, miR-218,
and miR-375 are down-regulated in GC and are diagnostic
biomarkers. Overexpressed miR-10b, miR-21, and miR-212
can be used as clinical indicators of high-risk metastasis and
poor prognosis. Overexpression of miR-1207-5p and miR-
1266 restrains GC growth, which can be used to develop
new treatment strategies (9). A study has shown that the
miR-200 family can not only restrain tumor epithelial-
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mesenchymal transition (EMT) and metastasis, inhibit the
self-renewal and differentiation of cancer stem cells, but also
reverse chemoresistance (10). MiR-200b is an important
member of the miR-200 family. One study has revealed that
miR-200b abates the growth and chemoresistance of lung
cancer by targeting p70S6K1 to interrupt the AKT and
ERK1/2 signal transduction (11). However, the influence
of miR-200b on the microenvironment of CAF-GC cells
remains to be further studied.

High Mobility Group Box (HMGB) family have 3
vital members, including HMGB1 (12), HMGB2 (13),
HMGB3 (14), are all involved in cancer development
and progression, and have prognostic and immunological
values (15). Interestingly, HMGB1, HMGB2, and HMGB3
expression was higher in tumor tissues than in normal
tissues, especially in GC. High HMGB1, HMGB2, and
HMGB3 expression may predict a poor prognosis among
patients with GC (16). HMGB3 (HMGB?2a) is featured by
two box domains (boxes A and B) and acidic C-terminal
tails. HMGB3 contributes to DNA repair, recombination,
transcription, and replication (17). Nemeth ez a/. found that
mice lacking HMGB3 have more stable self-renewal and
differentiation of hematopoietic stem cells, which is closely
related to the activation of the Wnt signaling pathway (18).
However, some researchers have argued that inhibition
of HMGB3 reduces the proliferation and migration of
trophoblast cells and promotes apoptosis, contributing
to the amelioration of fetal growth restriction (19).
In addition, HMGB3 exerts a vital role in tumors. It
has been demonstrated that HMGB3 activates WN'T/
B-catenin, thereby promoting colorectal cancer (CRC)
cell proliferation and migration (20). Mukherjee et 4/. have
shown that inhibiting HMGB3 enhances the sensitivity
of ovarian cancer cells to cisplatin (CDDP) (21). Another
study has manifested that HMGBS3 is highly expressed in
gastric adenocarcinoma and promotes cell proliferation,
which is closely related to poor prognosis (22).

In the present study, the primary objective was to
evaluate the influence of HMGB on CAF-related GC (GC-
CAFs), which has not been previously studied. This study
was also designed to explore novel biomarkers to improve
the status of GC, aiming to supplement evidence for
identifying novel therapeutic regimen for GC. We present
the following article in accordance with the ARRIVE
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-22-723/rc).
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Methods
Clinical patient samples

We selected 10 GC patients who underwent surgery the
Sanya Central Hospital of Hainan Province from July
2018 to July 2019. Both GC and paired normal adjacent
tissues were collected from each patient. All samples were
confirmed as GC by pathologists from the hospital. All
samples were rinsed with normal saline and stored in liquid
nitrogen at -80 °C. All sample patients did not receive
preoperative chemoradiotherapy. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Ethics Committee
of Hainan General Hospital, Hainan Affiliated Hospital of
Hainan Medical University (No. 2018-518) and informed
consent was taken from all the patients.

Cell culture and treatment

The GC cell lines MGC-803, AGS, and SGC-7901 were
purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). Roswell Park Memorial
Institute (RPMI)-1640 complete medium, which contained
10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin, was utilized. The cells in the logarithmic
growth stage were treated with 0.25% trypsin and then
inoculated into 6-well plates. Afterwards, they were
incubated at 37 °C with 5% CO, until the cell confluency
rate reached approximately 70%.

Normal gastric fibroblasts (NGFs) and GC-CAF
separation: fresh GC tissues were collected (the in vitro time
was minimized), fully cleaned with iced phosphate-buffered
saline (PBS) three times within 0.5 hours, and separated
with a sterile surgical blade. Afterwards, these tissues were
placed in 0.1 mg/mL collagenase for 3 hours and trypsinized
in a 37 °C incubator (3 h for CAF, 40 min for NGF). After
a large number of suspended cell clusters were observed
in the trypsinization solution, the cells were filtered
with a 200-mesh cell filter and centrifuged at 300 rpm
for 5 minutes. Furthermore, the cells were resuspended in
the RPMI-1640 complete medium containing 10% FBS
and 1% penicillin/streptomycin. Next, the cell density was
adjusted to 5x10°/mL, inoculated into 6-well plates, and
incubated at 37 °C with 5% CO..

Cell coculture model

To explore the interaction between CAF or NGF with
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GC cells, we constructed a co-culture model using 0.4 pm
transwell chambers. Briefly, GC cells (1x10° cells) were
seeded into the lower layer of the culture system (24-well
plate), and the CAFs or NGFs (1x10’ cells) were seeded
into the upper layer of the culture system, namely the
transwell chambers. After 24 hours of culturing, the
transwell chambers were removed. The GC cells in the
lower layer were used for Cell Counting Kit-8 (CCK-8),
colony formation assay, and transwell assay, and HMGB3
in the culture medium were detected by enzyme-linked
immunosorbent assay (ELISA).

Cell transfection

The isolated NGFs and GC-CAF were cleaned with PBS
buffer and trypsinized for two minutes. The NGFs, CAFs,
and GC cell lines (MGC-803, AGS, and SGC-7901) were
inoculated into 6-well plates at a density of 5x10° cells/well.
The CAFs were co-cultured with GC cell lines, and the
CAF-co™““* group, the CAF-co™®® group, and the CAF-
co’““7" group were obtained. Cell transfection was
conducted after cell growth had stabilized. Overexpressed
miR-200b (miR-200b mimics) and HMGB3, as well as their
corresponding negative controls, were transfected into all
the above-mentioned cells according to the Lipofectamine
2000 reagent specification (Thermo Fisher Scientific,
Waltham, MA, USA). The Wnt inhibitor IWR-1, 10 pM,
Santa Cruz Biotech., Santa Cruz, CA, USA) was added for
experimental purposes. The treated cells were incubated at
37 °C with 5% CO,. Then, cells at 70-80% cell confluency
rate were selected using Geneticin (Sigma-Aldrich, St.
Louis, MO, USA) for subsequent experiments.

CCK-8 assay

The CCK-8 method was employed to verify the changes
in the viability of the stably transfected cells. According to
the manufacturer’s regulations, CAFs were incubated in 96-
well plates with 2x10° cells/well for 48 hours with 100%
humidity and 5% CO, at 37 °C. A portion of 10 pL. CCK-8
solution (Dojindo Molecular Technologies, Kumamoto,
Japan) was added to each well. After incubation for 24,
48, 72, and 96 hours, the absorbance value at 450 nm was
measured on a spectrophotometer (Bio-Rad Laboratories,

Hercules, CA, USA).

Cell colony formation experiment

The stably-transfected CAF-co-cultured cells were
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inoculated into 6-well plates with 1x10" cells/well. Then,
they were cultured in RPMI-1640 complete medium
containing 10% FBS and 1% penicillin/streptomycin.
After two weeks, the medium was discarded. The cells
were washed twice with PBS, immobilized with 4%
paraformaldehyde for 10 minutes, and stained with
0.1% crystal violet for 15 minutes. After staining, the
stained colonies were imaged and counted with an optical
microscope (Olympus, Tokyo, Japan).

Transwell assay

Cell invasiveness was determined by transwell assay. The
stably-transfected CAF-co-cultured cells were added to the
upper chamber of the transwell pre-coated with Matrigel
(LI-COR Biosciences, Lincoln, NE, USA), and the lower
chamber received RPMI-1640 complete medium containing
10% PBS. After incubation at 37 °C for 24 hours, the
chambers were removed, and the uninvaded cells in the
upper chamber were gently wiped off, fixed with methanol
for 30 minutes, stained with 0.1% crystal violet solution for
20 minutes, and washed with PBS. The number of invading
cells was calculated under a microscope (Olympus).

Western blot

After cell treatment, the medium was discarded. The
protein was extracted with the radioimmunoprecipitation
assay (RIPA) lysate (Beyotime Biotechnology, Shanghai,
China) and quantified by the bicinchoninic acid (BCA)
method (Pierce, Appleton, WI, USA). A total of 50 g total
protein was sampled in 12% of polyacrylamide gel for
100 V electrophoresis for 2 hours and then transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). After the membranes had been
blocked for 1 hour with 5% skimmed milk at room
temperature (RT), they were cleared with tris-buffered
saline with Tween 20 (TBST) three times (10 min for each
time) and incubated with the primary Anti-E-Cadherin
antibody (1:1,000, ab231303, Abcam, Cambridge, MA,
USA), Anti-Claudin 1 antibody (1:1,000, ab211737,
Abcam), Anti-SLUG antibody (1:1,000, ab27568, Abcam),
Anti-Twist antibody (1:1,000, ab49254, Abcam), Anti-
p-ERK1/2 antibody (1:1,000, ab201015, Abcam), Anti-
ERK1/2 antibody (1:1,000, ab17942, Abcam), Anti-p-JNK
antibody (1:1,000, ab4821, Abcam), Anti-JNK antibody
(1:1,000, ab124956, Abcam), Anti-TCF4 antibody (1:1,000,
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ab217668, Abcam), Anti- Fibrillarin antibody (1:1,000,
ab4655, Abcam), Anti-c-Myc antibody (1:1,000, ab32072,
Abcam), Anti-p-catenin antibody (1:1,000, ab32572,
Abcam), Anti-Cyclin D1 antibody (1:1,000, ab16661,
Abcam), Anti-HMGB3 antibody (1:1,000, AF1533a,
San Diego, USA), and Anti-GAPDH antibody (1:1,000,
ab181603, Abcam) at 4 °C overnight. After washing with
TBST, the membranes were incubated with Goat Anti-
Rabbit IgG H&L (1:3,000, ab150077, Abcam) for 1 hour at
RT. Subsequently, the membranes were rinsed three times
for 10 minutes each time. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) served as an internal reference.
At last, ImageQuant software (Molecular Dynamics,
Sunnyvale, CA, USA) was employed to analyze the gray
values of each protein. The uncropped bolts are shown in

the Supplementary file (Figures S1-S4).

ELISA

The culture medium of GC cells cocultured with CAFs
were harvested, centrifuged to remove cells or debris,
then the HMGB3 level in the supernatant was determined
by Human HMGB3 ELISA kit (cat# EH0806) (Wuhan
FineTest Biotechnology Co., Ltd., Wuhan, China). All
procedures were performed according to the manufacturer’s
instructions.

Chemosensitivity measurement

The treated cells were inoculated into 96-well plates at
1x10* cells/well. Each group was prepared in triplicate, and
25-200 pg/mL of CDDP was added to the plates. After
culturing for 48 hours, the cells were incubated with 5 mg/mL
of 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide (MTT) solution (20 pL) for 4 hours. Then, 100 pL
of dimethyl sulfoxide (DMSO; Thermo Fisher) was added
and incubated for 10 minutes. Absorbance value was
examined at 540 nm using a microplate reader (Bio-Rad,
USA). The drug sensitivity of the cells was assessed by
comparing the half-maximal inhibitory concentration (ICs).

Dual-luciferase reporter assay

The CAF-co-cultured cells were inoculated into 96-well
plates at 3x10* cells/well. After culturing for 24 hours,
luciferase reporter vectors (HMGB3-MT and HMGB3-
WT) and miR-200b mimics were co-transfected into the
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Table 1 The primer sequences

Name Primer sequences

miR-200b Forward: 5'-GCGGCTAATACTGCCTGGTAA-3'
Reverse: 5'-GTGCAGGGTCCGAGGT-3'

HMGB3 Forward: 5'-GTCCGCTTATGCCTTCT -3'
Reverse: 5'-CATCGTCTTCCACCTCT -3'

Axin2 Forward: 5'-TGACTCTCCTTCCAGATCCCA-3'

Reverse: 5'-TGCCCACACTAGGCTGACA-3'
U6 Forward: 5'-GGTCGGGCAGGAAAGAGGGC-3'
Reverse: 5'-CTAATCTTCTCTGTATCGTTCC-3'

GAPDH Forward: 5'-AGAAGGCTGGGGCTCATTTG-3'

Reverse: 5'-AGGGGCCATCCACAGTCTTC-3-3'

cells. After transfection for 48 hours, the luciferase activity
was examined according to the luciferase activity detection
kit instructions (Promega, Madison, WI, USA). The
luciferase activity = firefly luciferase activity value/renilla
luciferase activity value.

Quantitative reverse transcription polymerase chain
reaction

Total cellular RNA was isolated with the TRIzol method
(Invitrogen, Carlsbad, CA, USA) and was reversely
transcribed into complementary DNA (cDNA) with a
TOYOBO reverse transcription kit (TOYOBO, Osaka,
Japan). Quantitative real-time polymerase chain reaction
(QRT-PCR) was conducted using the SYBR® Premix Ex
Taq™ II Kit (Takara, Otsu, Japan). We used GAPDH as the
internal reference, and the molecular primers were listed in

Table 1.

Tumorigenesis in nude mice

The animal experiments were granted by the Ethics
Committee of Hainan General Hospital, Hainan Affiliated
Hospital of Hainan Medical University (No. 2018-
518), in compliance with national guidelines for the care
and use of animals. A protocol was prepared before the
study without registration. A total of 20 female BALB/
cASlacnt mice (4-6-week-old) were purchased from
the Animal Experimental Center of Shandong University
(Jinan, China) and raised in specific-pathogen-free (SPF)
environments. During the experiment, the mice were
provided with adequate food and water. Under aseptic
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conditions, CAF-co™%“™  CAF-co*®, and CAF-co**“™"!
in the logarithmic growth phase were made into a single-
cell suspension with 0.9% normal saline, and the cell
concentration was adjusted to 5x10’/mL. Then, 0.2 mL
of the cell suspension was injected subcutaneously into
the right foreleg axilla of each nude mouse with a 1 mL-
syringe. Nude mice in the chemotherapy group received
3 mg/kg CDDP (Sigma-Aldrich, St. Louis, MO, USA)
orally on days 8, 15, and 22. The general conditions of the
nude mice, including spirit, diet, activity, defecation, and
urination, were observed within five weeks. The long and
short diameters of the tumor were measured with vernier
caliper every five days from day 10" after the injection.
After five weeks, the nude mice were sacrificed by cervical
dislocation. The long and short diameters and weight of the
tumor were measured. The tumor volume = long diameter
of tumor x short diameter of tumor’/2.

Immunofluorescence

The formed tumor tissues were collected, fixed with
4% formaldehyde for 24 hours, and embedded in
paraffin and cut into 4 pm sections. Next, the sections
were permeabilized with 0.5% Triton X-100 in PBS for
15 minutes and blocked with 10% normal donkey serum/
PBS for 30 minutes at RT. After that, the tissues were
incubated with rabbit Anti-ERK1 (phospho T202) + ERK2
(phospho T'185) antibody (ab201015) and rabbit Anti-JNK1
+ JNK2 + JNK3 (phospho T183+T183+T1221) antibody
(ab124956) (dilution: 1:100) for 12 hours at 4 °C. Then the
sections were washed three times with PBS and incubated
with Donkey polyclonal Secondary Antibody to Rabbit IgG
- H&L (Alexa Fluor® 488) for 1 hour at RT (ab150073;
Abcam, Cambridge, MA, USA). After washing, the nuclei
were stained with 4',6-diamidino-2-phenylindole (DAPI).
The cells were then observed by a fluorescence microscope
(Olympus Optical Co., Ltd., Tokyo, Japan).

Statistical analysis

The statistical Software GraphPad Prism 8 (GraphPad
Software Inc., San Diego, CA, USA) was utilized to analyze
all the experimental data in this study, and the data were
expressed as mean = standard deviation (¥xs). Student’s
t-test was adopted to compare the differences between
two groups, and one-way ANOVA was used to compare
the differences among multiple groups. Tukey’s post-hoc
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test was employed to analyze the differences between two
groups. A P value <0.05 indicated statistical significance.

Results
CAFs promoted GC cell growth, EMT, and chemoresistance

The GC-CAFs were co-cultured with MGC-803, AGS, and
SGC-7901 cells to study the effect of CAFs on GC cells.
The results of CCK-8 showed that CAFs co-cultured with
GC cell lines significantly promoted GC cell proliferation
(P<0.05, Figure 14-1C). The results of the colony formation
experiment were similar to those of CCK-8. The CAF co-
culture significantly increased GC cell viability (P<0.05,
Figure 1D). The transwell assay demonstrated that GC
cell invasion was significantly enhanced after CAF co-
culture (P<0.05, Figure 1E). The MTT assay revealed
that CAF co-culture significantly elevated the ICy, of GC
cells to CDDP treatment (P<0.05, Figure 1F). DNA RT-
PCR data suggested that CAF co-culture promoted the
mRNA levels of damage repair-related genes, including
RADS1 and BRCA2 in GC cells (all P<0.05, Figure 1G).
Western blot confirmed that, compared with the control
group, E-cadherin and Caludinl in CAF-co-cultured-GC
cells were down-regulated, while Twist and Slug were up-
regulated (all P<0.05, Figure 1H).

HMGB3 was up-regulated in CAFs co-cultured with
GC cells

We employed qRT-PCR, ELISA, and western blot were
employed to detect the mRNA and protein levels of
HMGB3 in CAFs or the co-culture medium. Interestingly,
HMGB3 was significantly overexpressed in CAFs when
co-cultured with MGC-803, AGS, and SGC-7901 cells
(Figure 24,2B). In the co-culture medium, the CAFs co-
cultured with GC cells released more HMGB3 (Figure 2C).
Moreover, HMGB3 was overexpressed in multiple
tumors, including stomach adenocarcinoma (STAD)
[data from Gene Expression Profiling Interactive Analysis
(GEPIA), Figure S1A,S1B]. The higher level of HMGB3
was associated with poorer survival of STAD patients
(Figure S1C). The Human Protein Atlas database also
showed that HMGB3 was negatively expressed in normal
stomach tissues while had a moderate expression in GC
tissues (Figure S1D). Moreover, we added the correlation
analysis of HMGB3 with immune cells, including B cells,
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CDS8" T cell, CD4" T cell, macrophages, neutrophil and
dendritic cell via TIMER2.0 (http://timer.comp-genomics.
org/) (23). The data showed that HMGB3 has negative
relationship with CD8" T cell (partial correlation=-0.191,
P=2.3x10"* and CD4" T cell (partial correlation =-0.241,
P=3.13x10) (Figure S2A). HMGBS3 alteration changes both
CDS8" T cell and CD4" T cell infiltration (Figure S2B).

Inbibiting HMGB3 weakened the promoting effects of
CAFs on GC cells

We probed the impact of HMGB3 on GC cells co-cultured
with CAFs. An HMGB3 knockdown model was established
in CAFs (Figure 3A4). Next, the CAFs with down-regulated
HMGB3 were co-cultured with GC cells, and it was found
that HMGB3 was down-regulated in GC cells after the
CAF co-culture compared with that of the CAF*™ group
(P<0.05, Figure 3B,3C). Then, the CCK-8 assay, colony
formation experiment, and transwell assay were conducted
to determine GC cell proliferation, viability, and invasion,
respectively. Interestingly, knocking down HMGB3
restrained the malignant biological behaviors in GC cells
co-cultured with CAFs, which was mainly manifested as
decreased GC cell proliferation, viability, and invasion
(P<0.05, Figure 3D-3H). The MTT assay indicated that
knocking down HMGB3 in CAFs attenuated the ICj, of
CAF-co-cultured GC cells (P<0.05, Figure 3I). Moreover,
western blot revealed that, compared with the CAF*™™¢
group, knocking down HMGB3 up-regulated E-cadherin
and Caludinl, yet the same action down-regulated Slug,
Twist, N-cadherin, and Vimentin (P<0.05, Figure 37).

CAFs promoted ERK1/2, NK, and activation of the Wnt/
f-catenin pathway on GC cells

We analyzed the correlations of the HMGB3 level with the
expression of ERK1/2 (MAPK1), JNK (MAPKS), B-catenin
(CTNNBL), c-Myc (MYC), and Cyclin (CCND1) in STAD
through the GEPIA database. Interestingly, HMGB3 had
a positive correlation with those five proteins in STAD
(Figure S3A-S3E), suggesting that HMGB3 regulated those
pathways. Next, western blot was adopted to test the levels
of ERK1/2, JNK, and Wnt/B-catenin (including B-catenin,
c-Myc, Cyclin, Axin2, and B-catenin) in GC cells. As a
result, p-ERK1/2/p-ERK, p-JNK/JNK, TCF4, c-Myc,
Cyclin, Axin2, and B-catenin were all significantly up-
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Figure 1 CAFs promotes GC cell growth, EMT, and chemoresistance. The GC cell lines (including MGC-803, AGS, and SGC-7901) were
co-cultured with or without CAFs. (A-C) CCK-8 assay was employed to detect GC cell proliferation. (D) Colony formation experiment was
implemented to analyze GC cell viability; the cell colonies were stained by 0.1% Crystal Violet Ammonium Oxalate Solution and the images
were taken by a camera. (E) Transwell assay was adopted to test the invasion of co-cultured cells. The cells were stained by 0.1% Crystal
Violet Ammonium Oxalate Solution. (F) MTT assay was used to determine the IC;, of GC cells to CDDP. (G) gRT-PCR was conducted
for evaluating two DNA damage repair-related genes, including RADS51 and BRCA2 in GC cells co-cultured with or without CAFs. (H) The
levels of EMT-related markers E-cadherin, Caludinl, Slug, and Twist in cells were determined by western blot. *, P<0.05; **, P<0.01; ***,
P<0.001 (vs. Con group). N=3. CAFs, cancer-associated fibroblasts; GC, gastric cancer; EMT, epithelial-mesenchymal transition; CCK-8,
Cell Counting Kit-8; MTT, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; CDDDP, cisplatin; qRT-PCR, quantitative real-
time polymerase chain reaction.
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Figure 2 HMGB3 was up-regulated in CAFs co-cultured with GC cells. (A,B) QRT-PCR and Western blot were conducted to detect the
mRNA and protein level of HMGB3 in CAFs co-cultured with GC cells. (C) ELISA was used for detecting HMGB3 in the culture medium.
**, P<0.01; ***, P<0.001 (vs. Con group), N=3. HMGB3, High Mobility Group Box 3; CAFs, cancer-associated fibroblasts; GC, gastric
cancer; QRT-PCR, quantitative real-time polymerase chain reaction; mRNA, messenger RNA; ELISA, enzyme-linked immunosorbent assay.

regulated in the CAF-co-cultured GC cells compared with
that of the control group (P<0.05, Figure 4A). In contrast,
the profiles of p-ERK1/2/p-ERK, p-JNK/JNK, TCF4,
c-Myc, Cyclin, Axin2, and B-catenin were down-regulated
in the CAF group with HMGB3 knockdown (P<0.05,
Figure 4B). Meanwhile, the Wnt inhibitor IWR-1) repressed
the levels of the above proteins (P<0.05, Figure 4C).

MiR-2000b targeted HVMIGB3 and inhbibited its expression

We further investigated the relationship between miR-200b
and HMGBS3. By querying the StarBase database (https://
www.starbase.info/index.html), we found that HMGB3 was
a vital downstream target of eight miRNAs, including hsa-
miR-17-5p, hsa-miR-93-5p, hsa-miR-200b-3p, hsa-miR-

© Journal of Gastrointestinal Oncology. All rights reserved.

200c-3p, hsa-miR-20b-5p, hsa-miR-429, hsa-miR-519d-3p,
and hsa-miR-876-5p (Figure 5A). We performed qRT-PCR
to detect those miRINAs in CAFs co-cultured with GC cells.
Interestingly, miR-200b-3p was significantly repressed by
GC cell co-culturing (Figure 5B). The binding relationship
between miR-200b-3p and HMGBS3 is shown in Figure 5C.
Then, the dual-luciferase reporter assay was used to confirm
their targeted relationship. The results showed that miR-
200b mimics inhibited the luciferase activity of CAFs
transfected with HMGB3-W'T but had no inhibitory effect
on HMGB3-MT transfected CAFs (P<0.05, Figure 5D).
Furthermore, a miR-200b overexpressed CAFs model was
constructed (Figure SE). We found that overexpression of
miR-200b significantly reduced HMGB3 expression in
CAFs (Figure SF). Additionally, RT-PCR data showed that
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Figure 3 Inhibiting HMGB3 weakened the promotive effect of CAFs on GC cells. (A,B) The HMGB3 knockdown model was constructed
in CAFs, which were then co-cultured with GC cells. The HMGB3 level in CAFs (A) and GC cells (B) was detected by western blot, ***,
P<0.001 (vs. CAF*™ group). (C) ELISA was used for detecting HMGB3 in the culture medium. (D-G) CCK-8 and colony formation assay
were implemented to detect the viability and proliferation of GC cells. The cell colonies were stained by 0.1% Crystal Violet Ammonium
Oxalate Solution and the images were taken by a camera. (H) Invasion of GC cells was examined by transwell assay. The cells were
stained by 0.1% Crystal Violet Ammonium Oxalate Solution. (I) MTT assay was applied to analyze the IC;, of GC cells against CDDP
intervention. (J) Western blot was employed to determine the levels of E-cadherin, Caludinl, Slug, and Twist in co-cultured GC cells. **,
P<0.01; ***, P<0.001 (vs. CAF group); *, P<0.05; **, P<0.01; ***, P<0.001 (vs. CAF*™ group), N=3. HMGB3, High Mobility Group Box 3;
CAFs, cancer-associated fibroblasts; GC, gastric cancer; ELISA, enzyme-linked immunosorbent assay; CCK-8, Cell Counting Kit-8; MTT,
3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; CDDP, cisplatin.
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Figure 4 CAFs promoted ERK1/2, JNK, and Wnt/B-catenin pathways activation on GC cells. The GC cell lines (including MGC-803,
AGS, and SGC-7901) were co-cultured with or without CAFs. IWR-1 was adopted to inhibit the Wnt pathway in GC cells. (A-C) Western
blot was adopted to test the levels of ERK1/2, JNK, and Wnt/B-catenin (including B-catenin, c-Myc, and Cyclin D1) in GC cells. *, P<0.05;
** P<0.01; ***, P<0.001 (vs. Con group); *, P<0.05; **, P<0.01; ***, P<0.001 (vs. CAF*™° group); *, P<0.05; **, P<0.01; ***, P<0.001 (vs.
CAF+Veh group), N=3. CAFs, cancer-associated fibroblasts; GC, gastric cancer.
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Figure 5 MiR-200b targeted HMGB3 and inhibited its expression. (A) The miRNAs that target HMGB3 were predicted through starBase
(http://starbase.sysu.edu.cn/index.php), while the Venny online website (https://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to
analyze the common miRNAs targeting HMGB3. (B) The miRNA profiles in CAFs co-cultured with GC cells were detected by qRT-PCR,
*** P<0.001. (C) The binding relationship between miR-200b with HMGB3 was shown. (D) Dual-luciferase reporter assay was used to
confirm the relationship between miR-200b and HMGB3, ns, P>0.05; ***, P<0.001 (vs. CAF™*~¢ group). (E,F) A miR-200b overexpressed
CAFs model was constructed, then qRT-PCR was used to examine miR-200b and HMGB3 mRNA in CAFs. ***, P<0.001 (vs. miR-NC
group), N=3. (G) miR-200b level in gastric cancer after CAFs stimulation was detected by qRT-PCR. **, P<0.01; ***, P<0.001 (vs. Con
group). (H) Followed by co-culturing with GC cells, IncRNA CCAT?2, IncRNA ZFAS1, IncRNA H19, IncRNA LINC00667, IncRNA
MATN1-AS1, IncRNA ZEB1-AS1, IncRNA OIP5-AS1, IncRNA ATB, IncRNA HOXA11-AS in CAFs were detected by qRT-PCR. *,
P<0.05; **, P<0.01 (vs. Con group). HMGB3, High Mobility Group Box 3; CAFs, cancer-associated fibroblasts; GC, gastric cancer; qRT-
PCR, quantitative real-time polymerase chain reaction; miRINA, microRNA.
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miR-200b was downregulated (Figure 5G), whereas IncRNA
CCAT?2 and IncRNA ZFAS1 (Figure SH) were significantly
upregulated in GC cells when co-cultured with CAFs.

Overexpressing miR-200b attenuated the promotive effects
mediated by CAFs on GC

We analyzed the miR-200b level in different STAD patients’
overall survival. It was found that STAD patients with
lower levels of miR-200b had poorer survival and shorter
survival time (P<0.05, Figure S4). For investing the role
of fibroblasts on GC cells, we co-cultured GC cells with
normal gastric fibroblasts (NGF). NGF have no significant
effects on GC cell proliferation, viability, invasion,
CDDP-chemosensitivity, and EMT (Figure S5A-S5H)
Furthermore, we probed the role of miR-200b in CAF-co-
cultured GC cells. The results of western blot showed that
compared with the CAF™ ™ group, CAF™ " co-cultured
GC cells had significantly inhibited HMGB3 expression
(P<0.05, Figure 64). Meanwhile, GC cell proliferation,
viability, invasion, CDDP-chemosensitivity, and EM'T
were analyzed by CCK-8, colony formation, MTT assay,
transwell assay, and western blot, respectively. The results
illustrated that the transfection of miR-200b mimics in
CAFs repressed the CAFs-mediated promotion of GC
cell viability and invasion, up-regulated E-cadherin and
Caludin1, and down-regulated Slug, Twist, N-cadherin, and
Vimentin (P<0.05, Figure 65-6H).

Overexpressing miR-200b inactivated the Wnt
pathway in GC

The expression of ERK1/2, JNK, and Wnt/B-catenin was
detected by western blot to clarify the specific mechanism
of miR-200b’s inhibitory effect on CAFs-GC. The

experimental results showed that CAFs™*"" significantly
reduced the phosphorylated levels of ERK1/2 and JNK,
and reduced B-catenin, c-Myc, and Cyclin D1 in GC cells

(Figure 7A-7D).

Overexpressing miR-200b abated the oncogenic effects of
CAFs in vivo

Finally, we conducted iz vivo experiments to verify CAFs-
mediated effects in GC cell growth. Three GC cell lines co-
cultured with CAFs were made into suspensions and then
injected subcutaneously into the axilla of nude mice. Then,
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the tumor growth was observed and recorded. Interestingly,
the growth rate, volume, and weight of tumors in nude
mice transfected with miR-200b were lower than those in
the miR-NC group (P<0.05, Figure 8A4-8I). Additionally,
western blot was implemented to detect the expression of
the ERK1/2, JNK, and Wnt/B-catenin pathways in tumor
tissues. The results showed that transfection with miR-200b
mimics significantly inactivated these pathways compared
with those of the control group (P<0.05, Figure 87).
Moreover, we measured p-ERK1/2 and p-JNK levels in
the formed tumor tissues via immunofluorescence. The
results indicated that both p-ERK1/2 and p-JNK were
downregulated in the CAF™ " group (compared with the
CAF"™ ™ group, P<0.05, Figure 8K).

Overexpressing miR-200b restrained GC progression by
inhibiting CAF-released HMGB3

To clarify the inhibitory effect of miR-200b on GC by
interfering with HMGB3 in CAFs, the GC cells were
transfected with miR-200b (or miR-200b mimics) and co-
cultured with CAFs. We conducted ELISA and western blot
to examine the HMGB3 expression. As a result, both the
transfection of miR-200b into GC cells and the transfection
of miR-200b mimics into CAFs reduced HMGB3
expression in GC cells (co-cultured with CAFs) and the
release of HMGB3 in the coculture medium (Figure 94,9B).
The CCK-8 assay and cell colony formation experiment
showed that the cell viability of the miR-200b+CAF group
was significantly weaker than that of the miR-NC group,
and that of the CAF™ " group was further weakened (us.
the miR-200b+CAF group) (P<0.05, Figure 9C,9D). The
results of transwell assay showed that the number of cell
invasion in the miR-200b+CAF group was significantly
reduced (P<0.01, vs. miR-NC+CAF group). Similarly, the
cell invasion in the CAF™ " group was lower than that
in the miR-200b+CAF group (P<0.05, Figure 9E). The
MTT assay demonstrated that the IC5, of CDDP in the
miR-200b+CAF group was lower than that of the miR-
NC+CAF group, and it was lower in the CAF™***" group
compared with that of the miR-200b+CAF group (P<0.05,
Figure 9F). The results of western blot illustrated that
compared with the miR-NC+CAF group, E-cadherin and
Caludinl were up-regulated, while Slug, Twist, N-cadherin,
and Vimentin were down-regulated in the CAF+miR-
200b group. The above-mentioned proteins in the CAF™

*% group showed the same expression trend, and the
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Figure 6 Overexpressing miR-200b attenuated the promotion of CAFs on GC
were co-cultured with GC cells. (A) The HMGB3 expression in GC cells was determined by western blot. (B-E) CCK-8 and cell colony
formation assay were employed to monitor cell viability and proliferation. The cell colonies were stained by 0.1% Crystal Violet Ammonium
Oxalate Solution and the images were taken by a camera. (F) Cell invasion was examined by the transwell assay. The cells were stained by
0.1% Crystal Violet Ammonium Oxalate Solution. (G) M'T'T assay was utilized to analyze the ICy, of GC cells to CDDP. (H) The levels
of E-cadherin, Caludinl, Slug, Twist, Vimentin, and N-cadherin were determined by Western blot. *, P<0.05; **, P<0.01; ***, P<0.001
(vs. CAF™™ ™ group), N=3. CAFs, cancer-associated fibroblasts; GC, gastric cancer; HMGB3, High Mobility Group Box 3; CCK-8, Cell
Counting Kit-8; MT'T, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; CDDP, cisplatin.
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Figure 7 Overexpressing miR-200b inactivated ERK1/2, JNK, and Wnt pathway in GC. CAFs transfected with miR-200b mimics or miR-
NC were co-cultured with GC cells. (A-D) Western blot was conducted to determine the activation of ERK1/2, JNK, and Wnt/B-catenin
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gastric cancer; CAFs, cancer-associated fibroblasts.

E-cadherin and Caludinl proteins were lower, while the
expression of Slug, Twist, N-cadherin, and Vimentin was
higher than the miR-200b+CAF group (P<0.05, Figure 9G).
Moreover, we compared these results with the role of NGF
in affecting the malignant behaviors of GC cells. As shown
in Figure S4, no significant changes of cell proliferation
were seen in GC cells (Figure S5A,S5B), invasion
(Figure S5C), sensitivity to CDDP (Figure S5D) and
HMGBS3 expression (Figure S5E,S5F), and EMT process
(Figure S5G,S5H).

Discussion

No specific symptoms are observed in the early stage of
GC, and most GC patients have developed to the advanced
stage by the time of definite diagnosis. Due to the lack of
surgical indications, most patients with advanced GC can
only be treated with chemotherapy. Although CDDP is a
first-line chemotherapeutic drug in the clinical treatment
of advanced GC, long-term CDDP treatment will lead
to a decrease in the body’s sensitivity to drugs and further
cause tumor recurrence or metastasis, which brings great
challenges to the treatment (24). Another risk factor for the
occurrence and development of GC is EMT (25). Epithelial
cells acquire strong migrative, invasive, and anti-apoptotic
capabilities when transiting into mesenchymal cells, so
EMT is considered an important target in GC treatment
(26,27). During EMT, certain epithelial cell markers,

© Journal of Gastrointestinal Oncology. All rights reserved.

such as E-cadherin, Caludinl, and ZO1, are up-regulated,
and N-cadherin, Slug, and Twist are down-regulated.
Therefore, this paper focuses on the resistance of miR-200b
on GC by targeting HMGBS3 to regulate CAFs.

The TEM is the hotbed of tumor growth, which
is composed of cancer cells, stromal cells (fibroblasts,
immune cells, pro-inflammatory cells, etc.), and non-
cellular components such as ECM (28). The fibroblasts
activated in tumors are referred to as CAFs, which are the
most abundant components of TEM. The CAFs regulate
TEM, change tumor metabolism, trigger tumors, deposit
various ECM components, stimulate angiogenesis, mediate
chemoresistance, and provide a solid support for cancer cell
metastasis and invasion (29,30). As confirmed by the study,
tumor cells supported by CAFs are more aggressive than
those lacking nutrition (31). Li e 4. showed that the lysyl
oxidase produced by CAFs promotes GC liver metastasis by
promoting the interaction between GC cells and CAFs (32).
Kurashige et al. suggested that CAFs stimulate gastric
cancer invasion and peritoneal dissemination (33). Inhibiting
protein synthesis in CAFs improves the chemosensitivity
of pancreatic ductal adenocarcinoma to gemcitabine (34).
DNA damage repair-related genes, such as R4D51 (35)
and BRCA2 (36), play a role in chemoresistance of tumor
cells. We isolated CAFs from fresh GC tissues and
carried out experiments and found that CAFs promoted
GC cell proliferation, invasion, and EMT, increased its
chemoresistance to CDDP, and promoted both RADS51 and
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Figure 8 Overexpressing miR-200b in CAFs dampened the oncogenic effect of CAFs on GC iz vivo. GC cell lines were co-cultured with

CAFs transfected with miR-200b mimics or miR-NC. The GC cells were injected subcutaneously in the axillary of the experimental mice.

(A-I) The tumor volume and weight were observed and recorded. (J) Western blot was used to monitor the activation of ERK1/2, JNK, and

Wnt/B-catenin (including B-catenin, c-Myc, and Cyclin D1) pathways in tumor tissues of mice. (K) Immunofluorescence was adopted to
verify the expression of p-ERK1/2 and p-JNK in GC cells. ns, P>0.05; *, P<0.05; **, P<0.01; ***, P<0.001 (vs. CAF™ ™ group), N=5. CAFs,

cancer-associated fibroblasts; GC, gastric cancer.

© Journal of Gastrointestinal Oncology. All rights reserved.

7 Gastrointest Oncol 2022;13(5):2197-2218 | https://dx.doi.org/10.21037/jgo-22-723



2212 Ke et al. HMGB3 in GC

A T e B C
wRNC (@200F (g™ g 2.0

E

=3

£
GAPDH 36KDa =

E 20

©

o

[C]

2

-

- miR-NC
-= miR-200b |CAF
. miR-NC

-

C AFmIR-ZOﬂb

w
8
Cell proliferation
N
o
1

5 10 0.5
@ 20 o .
o — o N
o 15 o' T T T T
3 24h  48h  72h  96h
g 1.0
T 05
o
2
5 0.0
& 250
D CAF o 2001
. o [
miR-200b CAFmiR-NC CAF™iR-2000 £ 150
2
£ 100+
S
I3
50
D_
E CAf

miR-NC miR-200b CAFMiR-NC CAF™iR-2000 250

Cell Invasion

CAF
F G — -
RIS Pl
g

miR-NC

miR-200b
CAFMIR-NC
CAFMIR-2006

E-cadherin 97'KDa

| | Caludin1 22KDa

* xrk
1 | ———

CAF
150

o

1004 Slug 30KDa

o

Twist 21KDa

IC50(uM)

o
=)
1
e
o

N-cadherin 21KDa

Relative protein expression

Vimentin 100 KDa

e
°

E-cadherin Caludin1 Slug Twist N-cadherin Vimentin
GAPDH 54KDa

Figure 9 Overexpressing miR-200b delayed GC progression by inhibiting CAF-released HMGB3. (A) Western blot was conducted to
examine the HMGB3 level. (B) ELISA was used for detecting HMGB3 in the culture medium. (C) Cell proliferation was tested by CCK-8.
*, P<0.05 vs. miR-NC group; ™, P<0.01 (vs. the CAF™RNC group). &, P<0.05; %, P<0.01 (vs. the miR-200b+CAF group), N=3. (D) Cell
viability was monitored by the cell colony formation assay. The cell colonies were stained by 0.1% Crystal Violet Ammonium Oxalate
Solution and the images were taken by a camera. (E) Transwell assay was implemented to determine cell invasion. The cells were stained
by 0.1% Crystal Violet Ammonium Oxalate Solution. (F) MTT assay was performed to test the IC;, of cells and analyze the CDDP drug
sensitivity. (G) Western blot was utilized to compare the expression of EMT-related markers (E-cadherin, Caludinl, Slug, Twist, N-cadherin,
and Vimentin). *, P<0.05; **, P<0.01; ***, P<0.001. GC, gastric cancer; CAFs, cancer-associated fibroblasts; HMGB3, High Mobility
Group Box 3; CCK-8, Cell Counting Kit-8; MTT, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; CDDP, cisplatin; EMT,

epithelial-mesenchymal transition.

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2022;13(5):2197-2218 | https://dx.doi.org/10.21037/jgo-22-723



Journal of Gastrointestinal Oncology, Vol 13, No 5 October 2022

BRCA2 expression, which was closely related to the role of
CAFs in activating the ERK1/2, JNK, and Wnt/B-catenin
signaling pathways, suggesting that CAFs are a potentially
important target for treating GC.

MiRNAs are involved in various biological mechanisms,
including cell differentiation, proliferation, migration,
apoptosis, and angiogenesis, among others. It is worth
noting that miRNAs contribute to tumor inhibition or
promotion, which mainly depends on cancer types or
downstream targets (37,38). Many miRNAs have been
found to inhibit GC progression. For example, miR-
502-5p targets SP1 and inhibits GC cell proliferation,
migration, and invasion, thus acting as a tumor suppressor
gene (39). For another example, miR-145-5p represses
the nod-like-receptor axis by targeting ANGPT?2, thus
reducing the proliferation, migration, and invasion of GC
epithelial cells (40). Interestingly, miRNAs also weaken
GC’s chemoresistance to drugs. Zhang er al. found that
solasonine inhibits GC cell proliferation and improves
its chemosensitivity to paclitaxel by up-regulating
miR-486-5p (41). In addition, Fang et a/. indicated that
overexpressing miR-130a-5p reduces the malignant
proliferation and invasion of GC cells, promotes apoptosis,
and strengthens the chemosensitivity of GC to CDDP
by targeting CCL22 (42). Also, miRNAs mediate
EMT in GC. It has been shown that miR-665 inhibits
EMT, tumorigenesis, and GC evolvement by targeting
CRIM1 (43). One other study has found that up-regulated
miR-221-5p targets and inhibits DDR1, thus inhibiting
GC cell proliferation, invasion, migration and EMT,
and improving its chemosensitivity to CDDP (44). Some
researchers have shown that miR-200b is down-regulated
in GC, and its abnormal expression impairs GC cell growth
and invasion. Therefore, miR-200b is considered a valuable
marker for the prognosis of GC (45). Unfortunately,
the effect of miR-200b on GC remains elusive. Our
experimental results showed that miR-200b was down-
regulated in the CAFs isolated from GC. Meanwhile,
overexpressing miR-200b targeted and abated HMGB3,
thus weakening the CAF-induced GC cell proliferation,
invasion, and EMT, reducing tumor growth, improving
the sensitivity of GC cells to CDDP, and inactivating the
ERK1/2, JNK and Wnt/B-catenin pathways in vitro and
in vivo. Moreover, the anti-tumor effect of miR-200b
transfection on GC cells via inhibition of HMGB3 in CAF
co-cultured GC cells was stronger than that of direct miR-
200b intervention on GC cells, indicating that miR-200b
contributes to the treatment of GC.
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MiRNAs exert negative regulatory effects on genes by
binding to the 3'-untranslated region of the downstream
target. By querying the database, we found that HMGB3
is an important downstream target of miR-200b.
Coincidentally, a recent study has found that up-regulated
miR-200b attenuates cell proliferation and migration in
human hepatocellular carcinoma by targeting and abating
HMGB3 (46). These findings indicate that the miR-200b/
HMGBS3 axis has the potential to repress malignant tumors.
Research has identified HMGB3 as an oncogene, and it has
been found that HMGBS3 is up-regulated in lung squamous
cell carcinoma, and PITPNA-AS1 boosts the proliferation
and migration of lung squamous cell carcinoma cells by
recruiting TAF15 to stabilize HMGB3 mRNA (47). A
recent study has confirmed that HMGB3 is up-regulated
in breast cancer, while miR-205 suppresses breast cancer
cell proliferation and metastasis by targeting HMGB3 (48).
Yamada er al. have claimed that miR-205-5p attenuates
the aggressiveness of prostate cancer cells by inhibiting
HMGB3 (49), indicating that HMGB3 is an effective target
for the treatment of certain tumors. Significantly, another
study has shown that knocking down HMGB3 dampens GC
cell proliferation and migration, promotes apoptosis, and
enhances the sensitivity of GC to CDDP and paclitaxel (50).
T cell infiltration in tumor microenvironment greatly
affects gastric cancer development by regulating tumor
cell growth, EMT, and metastasis (51-53). A previous
study has found increased stromal and immune scores and
increased infiltration of CD4" T cell, CD8" T cell, cancer-
associated fibroblast, and macrophage in gastric cancer
tissues with high risk score of EMT (54). Interestingly,
HMGB3 has negative relationship with CD8" T cell
and CD4" T cell, and HMGB3 alteration changes both
CDS8" T cell and CD4" T cell infiltration. Our in-vitro
experiments confirmed that HMGB3 was overexpressed in
CAFs separated from GC cells. Knocking down HMGB3
weakened GC cell proliferation, invasion, and EMT
and enhanced its chemosensitivity to CDDP. Moreover,
knocking down HMGB3 down-regulated the expression
levels of ERK1/2, JNK, p38, and the Wnt downstream
proteins including c-Myc, Cyclin D1, and B-catenin,
indicating that suppressing HMGB3 is a potential treatment
for GC.

Considering the crucial roles of IncRNA in cancer via
targeting miRNAs, we have also detected several IncRNAs
that target miR-200b, including IncRNA CCAT?2 (55),
IncRNA ZFAS1 (56), IncRNA H19 (57), IncRNA
LINC00667 (58), IncRNA MATN1-AS1 (59), IncRNA
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Figure 10 Graphical abstract. Transfection of miR-200b inhibits the release of HMGB3 from GC-CAF caused by CDDP treatment,
thereby reducing GC cell proliferation, invasion, and EMT, inhibiting tumor growth and decreasing the drug sensitivity to CDDP via
ERK1/2, JNK, and Wnt/B-catenin pathways. HMGB3, High Mobility Group Box 3; GC-CALF, gastric cancer-cancer-associated fibroblast;

CDDP, cisplatin; EMT, epithelial-mesenchymal transition.

ZEBI-AS1 (60), IncRNA OIP5-AS1 (61), IncRNA ATB (62),
IncRNA HOXA11-AS (63). Our data showed that IncRNA
CCAT?2 and IncRNA ZFAS1 were significantly upregulated
in CAFs when co-cultured with GC cells. Therefore, it
is supposed that IncRNA CCAT2 and IncRNA ZFASI
potentially promote HMGB3 expression in CAFs by
targeting and inhibiting miR-200b.

Taken together, this study revealed that miR-200b served

© Journal of Gastrointestinal Oncology. All rights reserved.

as a tumor suppressor gene in GC both in vive and in vitro.
Overexpressed miR-200b reduced HMGB3 release in
CAFs. Meanwhile, overexpressing miR-200b attenuated
the CAF-induced GC cell proliferation, invasion, and
EMT, inhibited tumor growth, and improved the CDDP
sensitivity by targeting and negatively regulating HMGB3
(Figure 10). Considering the significance of this study,
we believe this miR-200b-HMGB3 axis provides a new
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reference for developing diagnostic biomarkers of GC, and
targeting this axis helps the treatment of GC by reversing
tumor cell growth, invasion and chemoresistance.

The major limitation of this study is that the diversity of
clinical samples was relatively low. In subsequent studies,
the GC clinical samples should be further diversified,
aiming to improve the prognosis of GC patients.
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Figure S1 HMGB3 was upregulated in STAD. (A) GEPIA (http://gepia.cancer-pku.cn/) was used to analyze HMGB3 expression in
multiple tumors. The arrow shows HMGB3 level in STAD. (B) GEPIA shows HMGB3 level in STAD. “*” indicates P<0.05. (C) The
higher level of HMGB3 was associated with poorer survival of STAD patients. (D) The human protein atlas (https://www.proteinatlas.org/
ENSG00000029993-HMGB3/pathology/stomach+cancer#img) was used to analyze HMGB3 expression in normal stomach tissue and GC
tissues. HMGB3 was stained by immunohistochemistry. STAD, stomach adenocarcinoma; GC, gastric cancer.

© Journal of Gastrointestinal Oncology. All rights reserved.

https://dx.doi.org/10.21037/jgo-22-723


http://gepia.cancer-pku.cn/
https://www.proteinatlas.org/ENSG00000029993-HMGB3/pathology/stomach+cancer#img
https://www.proteinatlas.org/ENSG00000029993-HMGB3/pathology/stomach+cancer#img

>

B Cell CD8+ T Cell CD4+ T Cell Neutrophil Dendritic Cell
partial.cor = -0.195| o O partialcor=-0.241||¢ partial.cor = -0.28
p = 1.57e-04| ; 5 p = 3.13e- . p = 4.44e-

partial.cor = -0.191 H . . partial.cor = -0.126 . L partial.cor = -0.214
p = 2.30e-04 06| b 08} . p = 1.55e-02, lo o = 3.29e-05

o

STAD

~

HMGB3 Expression Level (log2 TPM)

00 02 04 06 00 01 02 03 04 00 01 02 03 01 02 03
Infiltration Level

B STAD
X * * o ¥ 3 S K ook
* * *
0.9
% Copy Number
- . B3 Deep Deletion
S 0.6 B3 Arm-level Deletion
kS 8 Diploid/Normal
= 'e ! B Arm-level Gain
£ 03 . é ne—® . . B3 High Amplication
i, B é *é#éﬁ & R
0.0 v~$éé@ é * © dlad é =5
B Cell CD8+TCell  CD4+TCell  Macrophage  Neutrophii  Dendritic Cell

Figure S2 The correlation analysis of HMGB3 with immune cells in STAD. (A) The correlation analysis of HMGB3 with immune cells,
including B cells, CD8+ T cell, CD4+ T cell, macrophages, neutrophil and dendritic cell were performed via TIMER2.0 (http://timer.comp-
genomics.org/). (B) SCNA module provides the comparison of tumor infiltration levels among tumors with different somatic copy number
alterations for HMGB3. P-value Significant Codes: * P<0.05, **P<0.01, ***P<0.001.
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Figure S3 (A-E) GEPIA (http://gepia.cancer-pku.cn/) was used to analyze the correlations of HMGB3 level with the expressions of
ERK1/2, JNK, B-catenin, TCF4, c-Myc, and Cyclin in STAD. STAD, stomach adenocarcinoma.
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Figure S4 M plotter was used to analyze the relationship of the miR-200b level with STAD patients’ overall survival. K-M, Kaplan-Meier;

STAD, stomach adenocarcinoma.
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Figure S5 GC cells were co-cultured with NGFs for 24 hours. (A,B) The viability of NGF was tested by the CCK-8 assay and colony

formation experiment. The cell colonies were stained by 0.1% Crystal Violet Ammonium Oxalate Solution and the images were taken
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by a camera. (C) Transwell assay was employed to verify cell invasion. The cells were stained by 0.1% Crystal Violet Ammonium Oxalate
Solution. (D) The MTT assay was conducted to determine the IC;, of NGF to CDDP. (E) The HMGB3 expression in NGF was monitored
by qRT-PCR. (F) Western blot was carried out to determine the HMGB3 profile. (G,H) The expression of EMT-related markers (E-cadherin,
Caludinl, Slug, Twist, N-cadherin, and Vimentin) and the activation of ERK1/2, JNK and Wnt/B-catenin (including B-catenin, c-Myc,
and Cyclin D1) were determined by Western blot. ns (no significance) stands for P>0.05, N=3. GC, gastric cancer; NGFs, normal gastric
fibroblasts; CCK-8, Cell Counting Kit-8; MTT, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; CDDP, cisplatin; qRT-PCR,
quantitative real-time polymerase chain reaction; EMT, epithelial-mesenchymal transition.
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