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Background: Gastric cancer (GC) is one of the most common malignant tumors in China.
Most GC patients are diagnosed at an advanced stage, for that the prognosis is dismal and
metastasis is common. Although there have been increasing numbers of studies indicating
that Ubenimex can suppress metastasis in GC, the underlying mechanism is still unknown.
Methods: Herein, the inhibitory effect of Ubenimex on GC metastasis, in which the
underlining mechanism was determined using Gene chip analysis, high content screening
(HCS), transwell assays, wound healing assays and Western blot assays.

Results: The results obtained from wound healing assays and transwell assays indicated that
Ubenimex, an inhibitor of CD13, suppressed the migration and invasion of MKN-28, MGC-
803, BGC-823 and SGC-790 cells, by downregulating CD13 expression. In addition, the
findings acquired from Gene chip analysis and HCS demonstrated that NGFI-A-binding
protein 1 (NABI1) was a putative target downstream of CD13. Furthermore, the results
obtained from Western blot assays showed that Ubenimex not only inhibits NAB1 expression
by targeting CD13, but also inhibits GC metastasis by mitigating the activity of the MAPK
signaling pathway. These findings indicated a possible mechanism via the CD13/NAB1/
MAPK pathway of which activity was restrained.

Conclusion: Ubenimex exert the inhibitory effect on GC metastasis by targeting CD13, in
which NABI1 expression and the activation of MAPK signaling pathway were both sup-
pressed. This study identified a promising target for the inhibition of GC metastasis.
Keywords: gastric cancer, CD13, Ubenimex, NAB1, MAPK

Introduction

Gastric cancer (GC) is one of the most common gastrointestinal tumors.' The
International Agency for Research on Cancer reported approximately 19.3 million
new cancer cases worldwide in 2020 and approximately 10 million deaths. In
China, the incidence of GC ranks fourth in malignant tumors, whereas the mortality
of GC ranks second. The incidence of GC in China accounts for nearly half of that
worldwide, seriously threatening the lives and health of people.” The onset of GC is
insidious, and lesions of early disease are limited to the mucosa and submucosa.’
Thus, most GC patients are diagnosed at an advanced stage, of which the 5-year
survival rate after surgery is less than 30%.* Like many malignancies, GC is prone
to metastasis to other organs, such as the liver and lung.’ To reduce the mortality
rate of GC, new methods for an early diagnosis and new targeting therapy for
prevention of metastases are required.
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CD13, also called aminopeptidase N (APN), belongs to
the type II membrane metalloproteinase family and is
expressed on various tumor cells. CD13 utilizes proteolytic
enzymes to promote the vascularization, proliferation, infil-
tration and metastasis of tumor cells.® No detailed study
exists on the direct antitumor effect of Ubenimex, but emerge
evidence have indicated combined application with che-
motherapy drugs. In particular, Ubenimex produces syner-
gistic effects with S-fluorouracil and improves the
chemotherapeutic effect of S-fluorouracil towards liver can-
cer, kidney cancer, breast cancer and other tumors.”
Moreover, Ubenimex promotes chemotherapy-induced
apoptosis and inhibits the expression of ATP-dependent
transporter protein (ABC) transporters, thus reversing multi-
drug resistance in hepatocellular carcinoma (HCC) cells by
targeting CD13. However, as the only CD13 inhibitor cur-
rently on the market, Ubenimex is used only as an adjuvant
modality combined with chemotherapy as an immunomodu-
latory therapy.® There is no report on the association between
CD13 expression and GC metastasis, much less for the
inhibitory of GC metastasis mediated by Ubenimex.

NGFI-A-binding protein 1 (NABI) belongs a member
of the NGFI-A/Egr-binding protein family,” which act as
corepressors to interact with Egr2 and are required to
properly coordinate myelin formation.'®'" The convincing
evidence have indicated that NABI1 interacts with HIC-1
allowing normal Wnt secretion as an adaptor for multiple
proteins to interact with F-actin to regulate different pro-
system.'> NABI1 is

a transcriptional corepressor, and it has been previously

cesses in the nervous also
identified as a glucocorticoid-responsive gene in hamster
smooth muscle cells, and may also be a corepressor that
influences inflammatory reactions.'* However, few reports
have investigated NABI1 in tumors, and no study shown
that NABI participates in inhibiting GC metastasis.
Mitogen-activated protein kinases (MAPKs) are widely
activated in many cell types, which play a pivotal role in
promoting tumor growth and metastasis. As reportedly,
IDO1 and COL12A1 synergistically promote GC metastasis
by forming a positive feedback loop via the MAPK pathway
and CXCR7 which was regarded as a chemokine receptor for
SDF-1."* Extracellular signal-regulated kinase (ERK) is a core
kinase of the MAPK family that regulates the proliferation,
apoptosis, differentiation and progression of diverse human
cancer cells. Additionally, inactivation of MAPK/ERK path-
way diminishes SMARCEI-induced GC cell growth and
mobility."® It is recognized that the MAPK signaling pathway
plays a role in regulating tumor proliferation, invasion and

metastasis.'®!” However, few studies have shown the relation-
ship between NAB1 and MAPK in GC cells.

Herein, we demonstrated that Ubenimex inhibits GC
metastasis by downregulating the expression of CDI13.
Furthermore, we performed high content screening (HCS)
and found that NABI is a putative target of CD13 by which
Ubenimex suppresses GC. Additionally, Ubenimex may
inhibit GC metastasis through the CD13/NAB1/MAPK
pathway. Collectively, these results showed that Ubenimex
is a promising agent that may inhibit GC metastasis.

Methods
Reagents and Antibodies

Ubenimex (purity, >99.9%) was purchased from Shenzhen
Main Luck Pharmaceuticals Inc. (Shenzhen, China), dis-
solved in DMSO and then diluted with sterilized
Dulbecco’s modified Eagle’s medium (DMEM). The final
concentration of DMSO in the cultures was <0.1%. Rabbit
monoclonal antibodies against ANPEP (CD13; Abcam
Biotechnology, Cambridge, USA; cat. no. abl08382;
1:3000), NAB1 (Abcam; cat. no. ab150389; 1:3000),
p-MAPK (Abcam; cat. no. ab151279; 1:250), E-cadherin
(Elabscience Biotechnology Co., Ltd, Wuhan, China; cat.
no. E-AB-53267; 1:1000), N -cadherin (Elabscience; cat.
n0.E-AB-70061;1:1000), Vimentin (Elabscience; cat.no.
E-AB-18212;1:2000) and B-actin (Proteintech, Rosemont,
IL, USA; cat.no.20536-1-AP; 1:3000) were used in this
study. All secondary antibodies (cat.no.SA00001-2; 1:3000)
were purchased from Proteintech Biosciences.

Cell Culture

Human gastric cell lines (MKN-28, MGC-803, BGC-823
and SGC-7901) were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China) and cul-
tured in DMEM (Gibco, Carlsbad, CA, USA) supplemen-
ted with 10% fetal bovine serum (Gibco), 100 U/mL of
penicillin and 100 pg/mL of streptomycin (North China
Pharmaceutical Co., Inc., Shijiazhuang, China) in
a humidified incubator with 5% CO, at 37 °C.

Plasmid Construction and Gene

Amplification

Enhanced green fluorescent protein (EGFP)-labeled ANPEP
(CD13; GenBank number NM_001150), NAB1 (GenBank
number NM_ 001321313) overexpression plasmids and
negative control plasmids (empty vector control plasmid,;

CMV-MCS-3FLAG-IRES-EGFP-SV40-Neomycin)  were

4484

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Liu et al

used in this study. We searched for the coding sequence of
human NABI in GenBank and designed PCR primers. The
following primer pairs were designed based on the ANPEP
and NAB1 mRNA sequences: ANPEP-pl, 5-TACCGG
ACTCAGATCTCGAGCGCCACCATGGCCAAGGGCTT-
CTATATTTCCAAG-3'; ANPEP-p2, 5-TCCTTGTAGTCC
ATGGATCCTTTGCTGTTTTCTGTGAACCACTGGAGC-
AC-3'; NABI-pl, 5-TACCGGACTCAGATCTCGAGCG
CCACCATGGCTGCGGCCTTACCCAG-3'; and NAB1-p2,
5'-TCCTTGTAGTCCATGGATCCTCTTGAATCTTCAG
GCTCTG-3". The PCR identification primer sequences were
as follows: ANPEP-p3, 5- CAGTACATGCCCTGG
GAGGC-3'; ANPEP-p4, 5- AACGCACACCGGCCTTA
TTC-3"; NABI-p3, 5-CTCTGTGGCTGAGTGTGTGG-3";
and NABI-p4, 5-AACGCACACCGGCCTTATTC-3". The
PCR mixture contained 2 pL of cDNA template, 1 puL of
primer (10 umol/L), 10 pL of PCR mix and dH,O to a total
volume of 20 uL.. The PCR program was as follows: 94 °C for
5 min; 40 cycles of 94 °C for 30 s, 58 °C for 30 s and 72 °C for
5 min; and a final extension at 72 °C for 5 min. The final PCR
products were separated by electrophoresis using 1%
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polyacrylamide gels, and the target fragment was purified
and recovered using an agarose gel extraction kit (Watson
Biomedical Inc., Shanghai, China).

Cell Transfection

ANPEP (CD13) and NABI overexpression plasmids were
used for cell transfections. MKN-28, MGC-803, BGC-823
and SGC-7901 cells were seeded into 6-well cell culture
plates and cultured to 80% confluence. Lipofectamine
3000 reagent (Thermo Fisher Scientific, Inc., USA) was
then added, and cells were transfected with plasmids for
24 hours at 37 °C. The procedures were performed accord-
ing to the manufacturer’s instructions.

Gene Chip Analysis and HCS of Cell

Function

The Affymetrix Clariom™ S gene chip was used to determine
the gene expression spectrum of MKN-28 cells before and
after Ubenimex treatment and assess changes in gene expres-
sion. In this study, the migration rate of MKN-28 cells was

control

0..

—oc0~N OO ®

Zx=

-0

-’_ control

-

(-

(-]
1

== 0.12mg/mL
0.25mg/mL

w
-]
1

Relative mobility % (48h) Rl s
2383 ==k
4 ' ' . . = -
- - _ ._ ~

&

%\& E
T o

" :- |

Cancer Management and Research 2021:13

https:

4485

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove
G 0.12 | control
e I N e i ¢
MGC-803 MGC.803 &% _..ui.. 5
SGC-1901 SGC-T901 3
BGC-823 BGC-823
MKN-28 MKN-28
H J -
@ 500+ 3
o mm— control === 0.12mg/mL 0.25mg/mL bt == control === 0.12mg/mL 0.25mg/mL
8 c
o 400 S
5 = 1000
g 300 =, ok
E - E
- Y
‘S 200- " o s004 _ .,
[
] W = .8 X whw * i
E 100- B ) 5 ll i " ] 1
: - - w
= 0- L ._- - = 0- T T T T
¢ : : : i N P Fd
%) N ¥ > O Vv Vv
& & & (-"‘“ 0039 A oc’ﬂ’ \*@
& & & S ~ &L Q

Figure | Continued.

evaluated using the high content screening (HCS). Moreover,
the mobility of the selected genes was down regulated by more
than two times, which has been reported in previous literature
before. The effect of silencing CD13 expression on the mRNA
level of the above genes was observed by HCS experiment,
and the important gene with the most obvious expression
change in the process of controlling GC metastasis were
selected.

Western Blot Assays

Total protein from Ubenimex-treated GC cells was
extracted using RIPA lysis buffer containing phenyl-
(PMSF;
Biotechnology Co., Shanghai, China) and a protein

methanesulfonyl fluoride Solarbio
phosphatase inhibitor (Solarbio) after the cells were

washed with ice-cold phosphate-buffered saline
(PBS). The protein concentration was measured using

the BCA protein assay (Solarbio) after centrifugation at

10,000 rpm for 8 min. Equal quantities of protein were
separated on 10% SDS polyacrylamide gels and then
transferred onto polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA), which were
then blocked in 5% nonfat milk for 2 hours at room
temperature. The membranes were then incubated over-
night at 4 °C with the following primary antibodies:
anti-ANPEP, anti-phospho-MAPK, anti-NABI
anti-B-actin. The membranes were then washed three
with  Tris-buffered (TBST,
Solarbio) and incubated with horseradish peroxidase-

and

times saline-Tween
conjugated secondary antibodies at room temperature
for 1.5 hours. The data were analyzed using Bio-Rad
Quantity One Software v4.62 (Bio-Rad Laboratories
Co., Ltd.). All Western blot analyses were performed
at least three times. The grayscale values of the target
bands were analyzed using Image] software (NIH
Image, Bethesda, MD, USA).
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Figure 1 Ubenimex significantly restrains the migration and invasion potential of GC cells. (A-D) Wound healing assays showing the decreased healing rate of the scratch
wound in MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells. Representative images are shown. (E and F) The column graph displays a summary of the healing
rates. (G and I) Transwell invasion or migration assay with 0.12 mg/mL or 0.25 mg/mL of Ubenimex for MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells.
Photomicrographs of invaded or migrated tumor cells are shown. Bar =100 ym. (H and J) Column graph of the number of invaded or migrated cells. (K-N) Western blot
analyses of E-cadherin, N-cadherin, and Vimentin expression in MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells. The column graph shows the relative
grayscale value of each band compared with that of B-actin. *P<0.05, **P<0.01, and ***P<0.001.

Transwell Assays

The migration and invasion capabilities of cultured cells
were assessed using a transwell chamber (8 mm, 24-well
format; Corning) with or without diluted Matrigel (BD
Biosciences, San Jose, CA). A 1:8 mixture of Matrigel:
DMEM (40 puL) was added to the upper chamber at 37 °©
C for 1 hour. Next, Ubenimex (0.12 mg/mL) and GC
cells (3x10° cells/mL), which were serum-starved for 10
hours, were added to the upper chamber. Medium sup-
plemented with 20% FBS was placed in the bottom
chamber. After incubation at 37 °C with 5% CO, for
24 hours, the cells remaining on the upper surface of the
membrane were carefully wiped with a cotton swab, and
the lower chamber was rinsed with PBS three times.
The cells were fixed with 4% paraformaldehyde for
1 hour and then stained with crystal violet for 40 min.
The number of migrated cells was photographed and
counted.

Wound Healing Assays

The wound healing assay was used to detect the migra-
tion ability of gastric cells. The cells (5 x 10> cells per
well) were added to 6-well plates and incubated over-
night until they were 100% confluent. A scratch was
made across the plates using a 10-uL pipette. The cells
were rinsed twice with PBS, and then complete medium
and 0.12 mg/mL or 0.25 mg/mL Ubenimex was added
to the plates. Next, the cells were incubated at 37 °C in
an atmosphere with 5% CO, for a specific time.
Subsequently, images were obtained, and the healing

area was measured.

Statistical Analysis

Statistical analysis of the data was conducted using
GraphPad Prism 7.0 software (Inc., La Jolla, CA, United
States). The data were reported as means + standard
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deviation or standard error of the mean, and they were
evaluated by one-way analysis of variance. Differences
were considered significant at P<0.05. Statistically signifi-
cant P values were presented as *P<0.05, **P<0.01 and
*#*P<0.001. The experiments were performed in triplicate
and independently, and the data were presented as three
repeats from one independent experiment.

Results

Ubenimex Significantly Restrains the
Migration and Invasion Potential of GC
Cells

Firstly, the wound healing assay was performed to determine
whether Ubenimex suppresses GC metastasis. As shown in
Figure 1A-F, Ubenimex inhibited the migration abilities of
GC cells and the inhibitory effect varied at different concen-
trations (Figure 1 A—F). Additionally, results obtained from the

transwell assays confirmed that, compared with the control
group, the number of invading and migrating GC cells treated
with Ubenimex was reduced (Figure 1G and I). Our results
demonstrated that Ubenimex weakened the invasion and
migration potential of MKN-28, MGC-803, BGC-823 and
SGC-7901 cells and the ability of Ubenimex to attenuate GC
metastasis increased with increasing drug concentration
(Figure 1H and J). Following GC cells treatment with different
concentrations of Ubenimex and protein extraction, Western
blot assays was used to identify the protein expression of
EMT-markers in the various GC cell lines. Consistent with
the downregulated N-cadherin expression, the protein expres-
sion of Vimentin, determined by Western blot assays, was
markedly lower in GC cells treated with Ubenimex than in
control group cells. However, E-cadherin expression in GC
cells increased gradually with the increase in the Ubenimex

concentration (Figure 1K-N). Collectively, these data
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Figure 2 Ubenimex inhibits the invasion and migration of GC cells in which CD 13 reduction is essential. (A) Western blot analyses of CD 13 expression in MGC-803, SGC-
7901, BGC-823 and MKN-28 human gastric cells. (B) The column graph shows the relative grayscale value of each band compared with that of B-actin. (C and E) Transwell
invasion and migration assays of MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells treated with 0.12 mg/mL or 0.25 mg/mL of Ubenimex after transfection of
CD13 overexpression plasmids. Bar = 100 ym. Photomicrographs of invaded or migrated tumor cells. (D and F) Column graph of the number of invaded or migrated cells.

*P<0.05, **P<0.01 and ***P<0.001.
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indicated that Ubenimex significantly restrains the migration
and invasion potential of GC cells.

Ubenimex Inhibits the Invasion and
Migration of GC Cells in Which CD13

Reduction is Essential

To verify the underlying mechanism in which Ubenimex
inhibiting gastric cell migration and invasion ability, we
assessed the protein expression of CDI13 using Western
blot analyses. As expected, the CD13 protein expression
exhibited different degrees of reduction after treatment with
Ubenimex (Figure 2A and B). Furthermore, the transwell
assay was performed to identify whether Ubenimex inhibits
the invasion and migration of GC cells by reducing CD13
expression. As shown in Figure 2, the number of invading
and migrating cells after transfection of the CDI13 over-
expression plasmid was less than that of the control group
but more than that of the Ubenimex group (Figure 2C-F).
Thus, we can infer that the inhibitory ability on GC inva-
sion and migration mediated by Ubenimex was offset after

shRABTB
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shRRM2

shSKOR2

shSLC35A4

shSLC35B4

shSPTBN1

shUHRF1

shCLASP2

shDGKD

shDENND5B

These results

Ubenimex inhibits the invasion and migration capabilities

CD13 overexpression. suggested that

of GC cells in which CD13 reduction is indispensable.

Gene Chip Screening and ldentification of
the Target Gene Associated with
Ubenimex-Mediated Metastasis in GC

To obtain the target gene associated with GC metastasis, we
used an Affymetrix Clariom™ S gene chip to identify the gene
expression profile of MKN-28 cells after Ubenimex treatment.
The data showed that Ubenimex downregulated and upregu-
lated multiple genes (Figure 3A). Putative genes that were
downregulated by more than two-fold were selected, and
these genes may be the strong force triggering tumor metastasis
(Figure 3B). These genes were enriched for signaling pathways
and selected for high content screening. Evaluation of the
changes in the migration rate of MKN-28 cells after silencing
the related genes indicated that 25 genes played important roles
inhibition of GC metastasis.
the

in Ubenimex-mediated

Importantly, NAB1 showed most  significant
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Figure 3 Gene chip screening and identification of the target gene associated with Ubenimex-mediated metastasis in GC. (A) The gene expression spectrum of MKN-28
cells was compared before and after treatment, and the migration rate difference was expressed according to the selection and display criteria of the cluster heat map. (B)
Ubenimex reduced the migration rate of GC cells by more than two-fold. The genes associated with the metastasis of GC and other tumors in the literature were selected.
The 25 most significantly altered genes were selected. (C) After the 25 genes were silenced, migration assays were performed, and the migration rates are shown in the
table. (D) The column graph shows the changes in the migration rates after silencing of the 25 genes. The red arrow indicates that the change in the migration rate was most

obvious after NABI silencing. *P<0.05 and **P<0.01.

downregulation which represented an initiator of evil in pro-
moting GC metastasis (Figure 3C and D). Therefore, these
findings suggest that Ubenimex inhibited GC metastasis by
targeting CD13, in which NAB1 downregulation was also
essential.

NABI is a Putative Downstream Signal

Molecule of CDI3

To explore relationship between CDI13 and NABI, the
protein expression levels after the transfection of the
CD13 or NABI overexpression plasmid were measured
by Western blot assays. As displayed in Figure 4A-D, the
expression of NAB1 was increased after CD13 was over-
expressed, however, there is not a distinct change in the
CD13 expression after NAB1 overexpression. These find-
ings suggest that CD13 promotes the expression of NAB1

protein in one direction. Furthermore, Western blot assays
confirmed that NABI1 expression was downregulated in GC
cells with Ubenimex at different concentrations. These find-
ings indicate that NABI is a putative target downstream of
CD13 (Figure 4E and F). Additionally, Ubenimex inhibits
NABI expression, which depends on the downregulation of
CD13 expression, suggesting that NABI1 is a key molecule
by which Ubenimex regulates the expression of CD13 and
inhibits the metastasis of GC cells.

Ubenimex Inhibits GC Metastasis by
Alleviating the Activation of the CD13/
NABI/MAPK Signaling Pathway

A growing body of evidence suggests that NAB1 and MAPK
signaling pathways are associated with tumorigenesis,
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Figure 4 NABI is a putative downstream signal molecule of CDI3. (A) When CD13 was overexpressed, the level of NABI was also increased, indicating that NABI is
a target molecule of CD13. (C) When NABI was overexpressed, CD |3 expression was not affected, providing further details on the relationship between NABI and CD13.
(B and D) The column graph shows the relative grayscale value of each band compared with that of B-actin. (E) Western blot analyses of NABI expression in MGC-803,
SGC-7901, BGC-823 and MKN-28 human gastric cells treated with 0.12 mg/mL or 0.25 g/mL Ubenimex. (F) The column graph shows the relative grayscale value of each

band compared with that of B-actin. *P<0.05, **P<0.01 and ***P<0.001.

proliferation and metastasis.'® To determine whether the
inactivation of the MAPK signaling pathway is involved in
Ubenimex-mediated inhibition of GC metastasis, the expres-
sion of phosphorylated MAPK (p-MAPK) in GC cells after
Ubenimex treatment was detected by Western blot assays.
The grayscale values of p90RSK, ERK1/2, RPS6, and Rab11
were significantly decreased with increasing Ubenimex con-
centration, suggesting that the mitigated activation of MAPK
signaling pathway was involved in the Ubenimex-mediated
inhibition of metastasis (Figure SA-D). To further investi-
gate how Ubenimex exerts this effect by targeting CD13,
thereby affecting the activity of NAB1 and regulating the
activation of the MAPK signaling pathway, NAB1 overex-
pression plasmids were transfected into GC cells. Compared
with the Ubenimex-treated group, the protein expression
levels of p90RSK, ERK1/2, RPS6 and Rabl in the NABI

overexpression plasmid group were significantly higher.

Thus, Ubenimex not only inhibits NAB1 expression by tar-
geting CD13 but also inhibits GC metastasis by regulating
the MAPK signaling pathway (Figure SE-H). Additionally,
in the transwell migration and invasion assays, high NAB1
expression significantly increased the ability of GC cells for
migration and invasion compared with GC cells treated with
Ubenimex. (Figure 5I-L). These results indicated that
Ubenimex inhibited the proliferation, migration, and inva-
sion of GC cells via the activation of the CDI13/NAB1/
MAPK signaling pathway.

Discussion

As acknowledged, Ubenimex plays a role in enhancing
immune function, mainly in the response to chemotherapy
and adjuvant radiotherapy and in age-related immune
deficiency."” Ubenimex can be used with chemotherapy,

radiotherapy or both in treating leukemia, multiple myeloma,
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Figure 5 Continued.

bone marrow syndrome, hematopoietic stem cell transplanta-
tion and solid tumors.?’ However, few studies have reported
that it has functions in inhibiting gastric metastasis. CD13
was first characterized as a surface marker for hematopoietic

cells of myeloid origin,*'*?

and it is expressed in different
cell types, such as epithelial cells, nerve cells, fibroblasts and
endothelial cells.”* Notably, CD13 is overexpressed in acute
myeloid leukemia cells and multiple solid tumors, including
lung cancer, colon cancer and ovarian cancer, inducing tumor
proliferation and suppressing apoptosis, and also enhancing
cell aggression and vascularization.”* An increasing number
of studies have demonstrated that CD13 inhibitors improve
the efficacy of chemotherapy. However, no study has shown
the effect of Ubenimex in restraining GC metastasis via
targeting CD13. Here, we demonstrated that Ubenimex influ-
ences the migration and invasion capacity of GC cells to
inhibit GC metastasis. Compared with the control group,
Ubenimex reduced the CD13 protein expression and GC
cell migration after the transfection of CD13 overexpression
plasmids.

In this study, gene chip technology and high content
screening were used to screen out the gene associated with
Ubenimex-mediated inhibition of GC metastasis, and
NABI1 was identified as a putative targeted gene. Nerve
growth factor (NGF1)-A-binding protein (NABI), also
known as zif268, Egrl and Krox-24, is a zinc finger
transcription factor.”> NABI is associated with the tran-
scription of the Egr family transcription factors Egrl
(Krox-24), Egr2 (Krox-20) and Egr3 (PILOT).” NABI
promotes the development of the posterior brain by reg-
ulating spinal nerve sheath-related genes in Schwann cells.
One study has indicated that NABI is a transcription inhi-
bition factor that inhibits myocardial fat deposition and its
expression inhibits the progression of pathological obesity
but allows the growth and development of muscle cells.*®
NABI is encoded in response to various extracellular
stimulants,”” including cell proliferation, macrophage dif-
ferentiation, synaptic activation and long-range enhance-
ment. In the present study, we explored the mechanism of
NABI as an important molecule in tumors, and we
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Figure 5 Ubenimex inhibits GC metastasis by alleviating the activation of the CD13/NABI/MAPK signaling pathway. (A-D) Western blot analyses of MAPK expression in
MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells treated with 0.12 mg/mL or 0.25 mg/mL of Ubenimex. The column graph shows the relative grayscale value
of each band compared with B-actin. (E-H) GC cells were treated with 0.12 mg/mL Ubenimex and then either left non-transfected or transfected with the NABI
overexpression plasmid. The protein expression levels were then compared between the transfected and non-transfected cells. The column graph shows the relative
grayscale value of each band compared with B-actin. (I and K) The transwell invasion or migration assay with 0.12 mg/mL of Ubenimex or 0.12 mg/mL of Ubenimex added
NABI overexpression plasmids for MGC-803, SGC-7901, BGC-823 and MKN-28 human gastric cells. Photomicrographs of invaded or migrated tumor cells are shown. Bar
=100 um. (J and L) Column graph of the number of invaded or migrated cells. *P<0.05, **P<0.01 and ***P<0.001; MAPK: mitogen-activated protein kinase.

investigated its related signaling pathways. Our study
found that Ubenimex, which is widely used in clinics for
immunosuppression, regulates NAB1 by targeting CD13,
thereby affecting GC metastasis. Few reports on NABI1
and GC metastasis exist in the literature. Our study
revealed a novel research area involving NABI1 in GC.
MAPKSs belong to the serine-threonine kinase family,
which is widely expressed in various cells as the following
three main subfamilies: extracellular signal-regulated kinases
(ERK MAPK, Ras, Rafl, MEK and ERK), c-Jun N-terminal
kinase or stress-activated protein kinases (JNK or SAPKs),
and MAPK14.°** An increasing number of studies have
demonstrated that MAPK signaling pathways, including
JNK, ERK and p38 kinases,’**! play pivotal roles in the
proliferation, invasion and migration of cancer cells. Some
studies have shown that ERK is a core kinase of the MAPK

family, and ERK was crucial in promoting cell proliferation,
apoptosis, differentiation and growth.>*** ERK is activated
by various oncogenes and extracellular stimuli. Recent stu-
dies have also shown that the ERK and MAPK pathways are
crucial for the proliferation and migration of GC cells.** The
effects of Helicobacter pylori infection, heparanase (HPA)
and MAPK protein expression in GC have been analyzed by
studying the associations between the clinical pathological
characteristics of GC and the above factors.*® Both positive
HPA expression and positive MAPK expression are asso-
ciated with the depth of invasion.*® Many studies have
investigated the involvement of p-38 and JNK in the
MAPK signaling pathway, supporting that the pathway
explored in the present study is related to MAPK.*’
However, in our study, the alterations of four molecules
(p90RSK, ERK1/2, RPS6 and Rabll) demonstrated that
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Ubenimex regulates the MAPK signaling pathway. This
study suggests that Ubenimex inhibits GC metastasis by
targeting CD13 and further regulating the MAPK pathway.
The experimental results provided new ideas and potential
new applications for Ubenimex in the future.

In summary, the present study demonstrated that
Ubenimex suppresses the growth of the MGC-803, SGC-
7901, BGC-823 and MKN-28 human GC cell lines in vitro.
Ubenimex inhibits the invasion, migration and metastasis of
human GC cells by targeting CD13 and activating the
MAPK signaling pathway. Additionally, Ubenimex regu-
lates the activity of NABI, revealing the correlation
among CD13, NAB1 and MAPK signaling pathway pro-
teins. Therefore, our study supports the potential therapeutic
value of Ubenimex in inhibiting the metastasis of MGC-
803, SGC-7901, BGC-823 and MKN-28 human GC cells,
indicating a new application of Ubenimex, thereby provid-
ing a new foundation for further scientific research.

Abbreviations
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