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ARTICLE INFO ABSTRACT

Keywords: Gastric cancer (GC) with high morbidity and mortality is one major cause of tumor-related death.
Gastric cancer Mechanisms underlying GC invasion and metastasis remain unclear. IGFBP7 exerted variable
Migration effects in different cancers and its role in GC is controversial. Here, IGFBP7 was found to be
;\)/[?rsmn upregulated and elevated IGFBP7 expression represented a poorer overall survival in GC using
IGFBP7 bioinformatics analysis. Moreover, IGFBP7 was up-regulated in human GC specimens and pro-

moted tumor growth in xenograft tumor animals. For GC cell lines, we found that IGFBP7 was
also upregulated and facilitated the cell malignant behavior and EMT of GC cells, which may
involve NF-kB and ERK signaling pathways. This research may provide new avenues for GC
therapy.

1. Introduction

Gastric cancer (GC) is highly heterogeneous malignancy and one leading cause of tumor-related mortality [1]. Due to rapid pro-
gression and lack of early clinical signs, about 80 % of GC patients are diagnosed as advanced stage, which seriously affects their
prognosis and survival [2]. Although diagnostic techniques and treatment strategies of GC have been greatly improved, advanced
patients’ prognosis is still poor [3]. Therefore, the identification of specific biomarkers for GC diagnosis and treatment remains an
urgent clinical need.

IGFBP7, which belongs to the IGFBP family, is a secreted protein that is a potential tumor suppressor for hepatocellular carcinoma,
colorectal, breast and thyroid cancer [4-8]. However, data of IGFBP7 in GC was limited. Recent studies have showed that IGFBP7 has a
carcinogenic role in GC, and IGFBP7 upregulation is a poor prognosis predictor for GC patients [9,10]. However, IGFBP7 has also been
reported to have a tumor suppressor role in GC [11,12]. Therefore, the confirmation of IGFBP7’ biological function in GC needs more
evidence.

EMT is a key driver in tumor progression. During EMT process, cancer cells differentiate from epithelial features to stromal features,
exhibiting reduced adhesion and highly invasion and metastasis ability [13]. Cellular adhesion proteins such as E-cadherin expression
decreased while mesenchymal markers such as N-cadherin and vimentin expression increased [14]. Here, we also identified a novel
role of IGFBP7 in GC cell malignant behavior and EMT.
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2. Materials and methods
2.1. Biological analysis

We used biological analysis methods to search for three typical databases related to GC through the GEO online database:
GSE13911, GSE19826, and GSE79973 (all three datasets were sourced from the GPL570 platform to eliminate differences between
platforms. GEO2R was applied to screen for differentially expressed genes. Draw Venn Diagram was used to create a VENN diagram to
identify intersection genes related to GC. The intersection genes were analyzed by STRING (functional protein association networks)
online database, and the key gene IGFBP-7 was found. The overall survival rate and disease-free survival rate of key genes were
analyzed by cBioportal database, with P < 0.05 indicating statistically significance.

2.2. Clinical tissues

GC patients were carefully chosen from our hospital. The patients did not undergo radiotherapy, chemotherapy and other treat-
ments before surgery. The study protocol was approved by the ethics committees of The Second Hospital of Shandong University [No.
KYLL-2019(KJ)P-0121]. This study was conducted in accordance with the principles of the Declaration of Helsinki (2013). All patients
signed the informed consent.

2.3. Cell culture and transfection

GC cells (SGC-7901, MGC-803, AGS, HGC-27) and human gastric mucosa cells (GES-1) which obtained from GeneChem (Shanghai,
China) were cultured as described in a previous study [15]. The lentivirus expressing sh-IGFBP7, sh-NC, ov-IGFBP7 and ov-NC which
obtained from GenePharma (Shanghai, China) were transfected into the cells separately by the manufacturer’s experimental protocols
of Lipofectamine 2000 kit (Invitrogen, USA). Cells were cultured for 48 h.

2.4. Subcutaneous tumorigenicity assay

Male BALB/c nude mice (5 weeks) were obtained from The Model Animal Research Centre of Shandong University. All animal
procedures were approved by the Ethics Committee of The Second Hospital of Shandong University [No. KYLL-2019(KJ)A-0166]. After
acclimation for one week, animals were randomly divided into mock, sh-IGFBP7 and ov-IGFBP7 group. GC cells (1 x 107 cells) of each
group were injected subcutaneously into axilla of the mice. Growth of the subcutaneous tumor was observed daily. After 3 weeks, mice
were sacrificed and removed xenograft tumors.

2.5. MTT assay

1 x 10* cells were inoculated in each well of 96-well plates. After adding 10 ul MTT, cells were cultured for 4 h. MTT crystals were
dissolved with DMSO. Absorbance at 570 nm was measured using a spectrophotometer to indicate cell viability.

2.6. Flow cytometric analysis

Cells with different treatments were collected and conducted the following procedures of the Annexin V-FITC/PI apoptosis kit and
cell cycle staining kit (Multi Sciences, China). Transfected cells were collected and suspended to 1 x 10° cells/ml. 100 pl cell sus-
pension was added into flow tube, then Annexin V/FITC and PI were added. After incubation for 15 min without light, cell apoptosis
was measured by flow cytometry and analyzed by ModFit software. The cells of each group were collected, washed and fixed with cold
ethanol. DNASE-free RNaseA was added. Then PI was added, mixed well, and incubated at room temperature for 15 min away from
light. PI content in cells was detected by flow cytometry. The distribution of cell cycles was analyzed by ModFit software.

2.7. Wound healing assay

Cells were seeded in 6-well plates with 1 x 10° cells/well. When the cells covered 90 % of the space in the plate, a straight scratch
was made using a 200 pl sterile pipette tip. After incubation for 48 h, wound closures were visualized under an Olympus microscope.
Migration rate was measured using ImageJ and calculated.

2.8. Transwel assay

Upper surface of Transwell chambers were coated with or without 60 pl Matrigel (BD Biosciences, USA). Cells cultured overnight
with serum-free medium were added into the upper chambers at 2.5 x 10° cells/well. Low chambers were filled with medium con-
taining 10 % FBS. After incubation for 24 h, cells on the lower surface of membranes were fixed with 4 % paraformaldehyde and
stained with crystal violet solution (Solarbio, China), while cells on the upper surface were removed with a cotton swab. Migration and
invasion cells were counted under a fluorescence microscope.
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2.9. RT-qgPCR

Total RNA was extracted with TRIzol reagent, and cDNA was synthesized according to the instructions of reverse transcription kit.
IGFBP7 mRNA relative expression was detected by the SYBR Green Premix Ex TaqTM quantitative assay kit. 2 22t method was used
to quantify the data, with GAPDH as the internal parameter.

2.10. Western blotting

Equal amount of proteins from tissues or cells were separated by SDS-PAGE and were electro-transferred onto a PVDF membrane.
After blocking (5 % non-fat milk) at room temperature for 1 h, the membranes were probed with primary antibodies overnight at 4 °C,
followed by incubation with HRP-conjugated secondary antibodies. The primary antibodies were against IGFBP7 (Proteintech,
1:1000), E-cadherin, vimentin, snail, N-cadherin, ERK, p-ERK, p65, p-p65 and p-actin (Huabio, China, 1:1000). The secondary anti-
bodies were from ZSGB-BIO (China) (1:2000). Bands were visualized using an ECL detection system and analyzed using Image J.
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Fig. 1. IGFBP7 is upregulated and indicates poor prognosis in GC. (A) Bioinformatic analysis of IGFBP7 expression and (B) its association with
overall survival in GC. (C) Representative western blots of IGFBP7 in human GC specimens (the full, non-adjusted images of western blots was
showed in S-Fig. 1C as supplementary material). (D) Quantitative analysis of the IGFBP7/B-actin ratio. (E, F) IGFBP7 expression levels in GC cell
lines (the full, non-adjusted images of western blots was showed in S-Fig. 1F as supplementary material). **p < 0.01, ***p < 0.001, ****p < 0.0001.
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2.11. Statistical analysis

Statistical analysis was performed using SPSS software. Significant differences among groups were evaluated using one-way
analysis of variance followed by Tukey’s HSD test. P < 0.05 was considered statistically significant.

3. Results
3.1. IGFBP7 indicates poor prognosis and is upregulated in GC

The analysis of IGFBP7 expression of 415 STAD (stomach adenocarcinoma, primary tumor) and 34 normal samples (non-tumorous
tissue), and the relationship between survival and IGFBP7 expression in 392 STAD samples were conducted through the TCGA
database on the University of Alabama at Birmingham Cancer data analysis Portal (https://ualcan.path.uab.edu/). In STAD samples,
expression of IGFBP7 series (Transcript per million) was: minimum 59.233, lower quartile 342.563, median 581.831, upper quartile
881.189, maximum 1998.8. High expression >581.381 transcript per million, low/medium expression <581.381 transcript per
million (https://ualcan.path.uab.edu/). IGFBP7 expression was found to be increased in GC (Fig. 1A). Moreover, high IGFBP7
expression was strongly related to poor survival (Fig. 1B). This indicates a significant clinical correlation between IGFBP-7 and GC, and
may relates to clinical diagnosis and treatment of GC. Further research found that IGFBP7 was notably upregulated in GC tissue
(Fig. 1C and D). Moreover, IGFBP7 expression was also increased in GC cells (Fig. 1E and F). Among them, AGS has the highest IGFBP7

expression, so AGS was selected for the subsequent experiment. Our data shows that IGFBP7 expression is increased and relates to poor
prognosis in GC.

3.2. IGPBP7 promotes xenograft GC tumor growth in mice

The tumorigenic potential of IGFBP7 in vivo was assessed by subcutaneous tumorigenicity assay. The size of the xenograft tumors
derived from the IGFBP7-overexpression GC cells grew more rapidly, while those from the IGFBP7-knockdown cells grew more slowly
than those of mock cells (Fig. 2A and B). Moreover, the weight and size of the xenograft tumors from sh-IGFBP7 group were decreased,
while those from ov-IGFBP7 group were notably increased versus mock group (Fig. 2C and D). Thus, IGFBP7 was suggested to exert an
oncogenic role in GC.
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Fig. 2. IGPBP7 promotes xenograft tumor growth in mice. (A) Photographs of the tumors of mock, sh-IGFBP7 and ov-IGFBP7 cells. (B) Growth rate

of size of the xenograft tumors. (C, D) Measurements of tumor weight and volume. **p < 0.01. Sh-IGFBP7, IGFBP7 knockdown; ov-IGFBP7, IGFBP7
overexpression.
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3.3. IGFBP7 promotes proliferation and suppresses apoptosis of GC cells

Cell cycle phase distribution and apoptosis were detected by flow cytometric analysis. IGFBP7 inhibition in GC cells had a
dramatically decreased in G2/M phase fraction, while IGFBP7 overexpression induced an increase in G2/M phase fraction (Fig. 3A and
C). Compared with NC group, apoptosis of GC cells was obviously facilitated by IGFBP7 knockdown and was largely restrained by
IGFBP7 overexpression (Fig. 3B and D). Moreover, IGFBP7 knockdown inhibited cell growth while IGFBP7 overexpression promoted
cell growth of GC cells (Fig. 3E). This suggested that IGFBP7 positively regulate proliferation and reduce apoptosis of GC.

3.4. IGFBP7 enhances GC cells migration and invasion
How IGFBP?7 affects GC cells migration and invasion was also detected. IGFBP7 knockdown dramatically suppressed and IGFBP7
overexpression largely promoted GC cells migratory abilities (Fig. 4A and C). Accordingly, Transwell assay suggested that both

migratory and invaded cells were reduced by IGFBP7 knockdown, while both cells were increased by IGFBP7 overexpression (Fig. 4B,
D, 4E). These data together verifies that IGFBP7 contributes to GC cell migration and invasion.

3.5. IGFBP7 promotes EMT and activates NF-xB and ERK1/2 pathways in GC cells

To explore the regulation role of IGFBP7 on EMT of GC cells, EMT-related proteins were detected. IGFBP7 knockdown increased E-

A CcC sh-NC sh-IGFBP7 ov-NC ov-IGFBP7
400 )
r| 400 300 500 1 400
400-]
. 300 = = - "
5 g 300 5 5 g 300
2 2 2 2 2
E E £ 200 E €
E E 2 20 E
§ 207 8 200] 8 8 8 200]
200
1004 n
100 100 100 |
100
My
|
01 T T T 0 T T T 0
[ 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 100 200 300 400
DNA content DNA content DNA content DNA content DNA content
CcC sh-NC sh-IGFBP7 ov-NC ov-IGFBP7
% JatuL1.20%) Q1-UR(225%)| % ]Q1-UL2.07%) QILUR(193%)| b ]Qi-UL2.44%) Q1URE.95%)| % Jat-uLizees) QlUR206%)| %% JQiuL0.73%) Q1-UR(1.31%)
% %] o ] % %]
T, T, T, T T,
24 e 24 2 e
E EE EF L CE
Q1-LL(G3 26%) Q1-LR(4.20%) Q1-LL{0.71%) Q1-LR{5 29%) QI-LL{78731%) Q1-LR(9.30%) Q1-LL{BO.68%) Q1-LR(5.37%) Q1-LL(S5 26%) Q1-LR(2.70%)
T T T T T v r T T T T T T T T
10? 10° 104 10° 10? 10° 104 10° 102 10° 104 10° 10? 10° 104 108 10? 10° 104 10%
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
80 == cc
N E= sh-NC 25 * 1.0
S 31 sh-IGFBP7 . — =
< 60 ¥ S 2 —
Em ov-IGFBP7 < 20 E 0.8
S " P
- o
8 404 o | B1s o6 -
§ ok M % " E
[£] = o 10 1 o 04
[ 2 L]
8 20 a 2
s §, 5 = 02
@ (5]
O - 0 0.0
A A A A
& & & & & ® & & &
& & & & & o &
N q" N 4>«
& ¢ & 5

Fig. 3. IGFBP7 suppresses apoptosis and promotes proliferation of GC cells. (A, C) Cell cycle distribution in IGFBP7-knockdown and overexpressed
GC cells. (B, D) Flow cytometry and statistic results of apoptosis in IGFBP7-knockdown and overexpressed GC cells. (E) Effects of IGFBP7 knockdown
and overexpression on cell viability. **p < 0.01. ##p < 0.01. CC, normal control; sh-NC, negative control for IGFBP7 knockdown; ov-NC, negative
control for IGFBP7 overexpression.
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Fig. 4. IGFBP7 enhances GC cell migration and invasion. (A, C) Wound healing assay and quantitative analysis of wound healing ratio. (B, D, E)
Transwell assay of migration and invasion cells. **p < 0.01. ##p < 0.01.

cadherin expression and decreased N-cadherin, snail and vimentin expressions, while their expression showed the opposite trend in
IGFBP7 overexpression (Fig. 5A).

To further investigate the underlying mechanism, p65, p-p65 and p-ERK1/2 expression in GC cells were explored. Results suggested
p-ERK1/2 and p-p65 were largely decreased by IGFBP7 knockdown, while IGFBP7 overexpression notably increased the expression
levels of those proteins (Fig. 5B).

4. Discussion

IGFBPs, an important regulatory factor of insulin-like growth factor (IGF), have altered their expression levels in tumors, thereby
affecting the biological activity of IGF and tumor progression [16]. IGFBPs show different expressions in cancers [17], in which IGFBP7
is believed to be upregulated in GC and correlated with pathological stages [18]. However, opinions on IGFBP7 in GC are still not quite
definite and even controversial sometimes. Most reports about IGFBP7 on GC are from clinical cohorts data or bioinformatics analysis
[9-12], more investigations from human specimens or animal models are still needed to verify the role of IGFBP7 and its potential
mechanisms in GC. Results from our bioinformatics analysis found IGFBP7 expression was increased and IGFBP7 overexpression
related to poor overall survival in GC. Moreover, IGFBP7 expression was enhanced in human GC specimens and cells. IGFBP7 also
promoted tumor growth in vivo. Thus, IGFBP7 exhibits carcinogenesis and high IGFBP7 expression represents poor prognosis of GC
patients, which was consist with previous studies [9,10].

Metastasis is the most important cause of death in cancer patients [19,20]. EMT is vital in cancer progression due to its invasive and
metastatic behaviors [21-24]. However, the association between IGFBP7 and EMT was only investigated in a few studies. IGFBP7 was
reported to suppress EMT and tumor metastasis by inhibiting TGF-p-mediated EMT via the Smad signaling cascade in colorectal cancer
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Fig. 5. IGFBP7 promotes EMT and activates NF-kB and ERK1/2 pathways in GC cells. (A) EMT-related proteins were analyzed by western blots. (B)
Western blots analysis of p65, ERK1/2, p-ERK1/2 and p-p65. The full, non-adjusted images of western blots was showed inS-Fig 5A and S-Fig. 5B as
supplementary material. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. ##p < 0.01, ###p < 0.001, ####p < 0.0001.

[25]. One study also suggested that IGFBP7 downregulation facilitates liver metastasis by regulating EMT in colon cancer [26].
However, IGFBP7 exhibits opposite roles in this study. Our results found that IGFBP7 promoted EMT by increasing N-cadherin, snail
and vimentin expressions and decreasing E-cadherin expression of GC cells. Consistent with our study, inhibiting IGFBP7 effectively
inhibited the EMT induced by LPS or CLP in HK2 cells or mice [27]. Additionally, IGFBP7 knockdown attenuated radiation-induced
EMT-related markers expression in HPAEpic cells [28]. Therefore, IGFBP7 expression is tightly associated with microenvironment and
its regulation on EMT varies according to different conditions. Our results suggest that IGFBP7 promotes EMT in GC progression.

NF-xB pathway plays vital role in promoting malignancies development, such as breast, ovarian, pancreatic and gastric cancers
[29-32]. NF-kB pathway was also involved in EMT process [33,34]. MAPK/ERK pathways also play important roles in cell prolifer-
ation and also participate in metastasis process [35-37]. ERK signaling pathway contributes to radiation-induced EMT via modulating
snail, E-cadherin, a-SMA and phosphorylated GSK3 protein levels [28,38,39]. Involvement of NF-kB and ERK pathways with IGFBP7
in GC remains ambiguous. Our results showed that IGFBP7 overexpression activates NF-kB and ERK1/2 pathways while IGFBP7
knockdown attenuates their activation. Therefore, modulation of IGFBP7 in EMT may partially through NF-kB and ERK1/2 pathways.
However, several limitations are still exist in this study. For example, only one cell line in vitro and vivo experiments. Whether IGFBP7
acts directly or indirectly on the NF-xB and ERK pathways to regulate EMT remains unclear. Thus, more investigations are still needed
to verify.

In conclusion, IGFBP7 is highly expressed and acts tumorigenic role in GC. IGFBP7 promotes tumor growth by enhancing GC cells
proliferation, migration, invasion and EMT, which may involve NF-kB and ERK pathways.
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