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Abstract

AIM: To investigate the effects of resistin-like molecule
B (RELMB) over-expression on the invasion, metastasis
and angiogenesis of gastric cancer cells.

METHODS: Human RELMB encoding expression vec-
tor was constructed and transfected into the RELMpB
lowly-expressed gastric cancer cell lines SGC-7901 and
MKN-45. Gene expression was measured by Western
blotting, reverse transcription polymerase chain reac-
tion (PCR) and real-time quantitative PCR. Cell prolif-
eration was measured by 2-(4,5-dimethyltriazol-2-yl)-
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2,5-diphenyl tetrazolium bromide colorimetry, colony
formation and 5-ethynyl-20-deoxyuridine incorporation
assays. The /n vitro migration, invasion and metastasis
of cancer cells were measured by cell adhesion assay,
scratch assay and matrigel invasion assay. The angio-
genic capabilities of cancer cells were measured by
tube formation of endothelial cells.

RESULTS: Transfection of RELMp vector into SGC-7901
and MKN-45 cells resulted in over-expression of
RELMB, which did not influence the cellular prolifera-
tion. However, over-expression of RELMpB suppressed
the /n vitro adhesion, invasion and metastasis of can-
cer cells, accompanied by decreased expression of
matrix metalloproteinase-2 (MMP-2) and MMP-9. More-
over, transfection of RELMPB attenuated the expression
of vascular endothelial growth factor and /n vitro an-
giogenic capabilities of cancer cells.

CONCLUSION: Over-expression of RELMB abolishes
the invasion, metastasis and angiogenesis of gastric
cancer cells /n vitro, suggesting its potentials as a novel
therapeutic target for gastric cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most common cancer types
in the world"". In spite of the standardization of surgi-
cal techniques and multimodal therapy, the postoperative
survival of patients with advanced gastric cancer still
remains very low!. Recent evidence shows that goblet
cell-derived proteins, such as intestinal trefoil factor (ITT)
and mucin 2 (MUC2), participate in the pathogenesis of
gastric cancer”®. As a member of trefoil peptide family
that is expressed exclusively in the goblet cells of small
intestine and colon, ITF is over-expressed in several
cancer tissues including gastric cancer™”, and promotes
tumor cell invasion and angiogenesiswm. Blocking ITF
expression zia an antisense strategy suppresses the 7 vitro
growth and tumorigenicity of gastric cancer cells”, sug-
gesting that I'TF may serve as a potential target in the
control of gastrointestinal cancer progression. Similarly,
MUC2 is expressed in the goblet cells of colon, small in-
testine and airways'’, and is aberrantly expressed in gas-
tric cancer™”, Measuring the MUC2 transcriptional levels
is a sensitive and specific approach to detect lymph node
micrometastasis in gastric cancer patients[(’]. These results
suggest that goblet cell-specific proteins may be involved
in the progression of gastric cancer, which are potential
targets for regulating the invasion, metastasis and angio-
genesis of gastric cancer.

Resistin-like molecule B (RELM), also known as
Found in Inflammatory Zone 2 (FIZZ2), belongs to a
family of resistin-like cytokine molecules consisting of
small and cysteine-rich secretory proteins[m. As a novel
goblet cell-specific protein that is abundantly expressed
in proximal and distal colon""", RELMS is induced by
intestinal microbial colonization, and plays a key role in
epithelial barrier function and integrity“z’m. In addition,
RELMJ functions not only as a Th2 cytokine immune ef-
fector but also as an inhibitor of chemotaxis of parasites,
through interfering with parasite nutrition by directly
binding to the chemosensory components of parasitesm
Recent evidence shows that RELMJ has the potentials
to contribute to the airway remodeling in diseases such
as asthma', and is involved in the pathogenesis of fi-
brotic lung diseases as a Th2-associated multifunctional
mediator” and the development of scleroderma-asso-
ciated pulmonary hypertensionm. However, the role of
RELMS in cancer development still remains unclear.

Our previous studies have indicated that RELMf
is over-expressed in a majority of human colon cancer
tissues' ", and in the metaplastic epithelium of Barrett’s
esophagus and associated dysplasia“s]. Moreover, RELMf3
is aberrantly expressed in the goblet cells of intestinal
metaplasia and cytoplasm of cancer cells in gastric cancer
tissues, which is positively correlated with tumor differen-
tiation and longer overall survival, and inversely correlat-
ed with tumor infiltration and lymph node metastasis, in-
dicating the value of RELMP in predicting the outcomes
of gastric cancer patients[ ’ In this study, to further
elucidate the exact role of RELM in the progression
of gastric cancer, we investigated the effects of RELMf3
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over-expression on the RELMf lowly-expressed gastric
cancer cells. We found that over-expression of RELMf3
attenuated the invasion, metastasis and angiogenesis of
cancer cells, suggesting the anti-tumor role of RELMf in
the progression of gastric cancer.

MATERIALS AND METHODS

Cell culture

Human gastric cancer cell lines SGC-7901 and MKN-45
were obtained from the Type Culture Collection of Chi-
nese Academy of Sciences (Shanghai, China). Human
endothelial cell line HUVEC (CRIL-1730) was purchased
from American Type Culture Collection (Rockville, MD,
United States). The cells were grown in RPMI1640 me-
dium (Life Technologies, Inc., Gaithersburg, MD, United
States) supplemented with 10% fetal bovine serum (FBS,
Life Technologies, Inc., Gaithersburg, MD, United States),
penicillin (100 U/mL) and streptomycin (100 pg/mlL).
Cells were maintained at 37 'C in a humidified atmo-

sphere of 5% COx.

Vector construction and transfection

Full-length RELMB ¢cDNA was amplified from human
colon tissues, subcloned between the restrictive sites Hind
I and Bam HI of pcDNA3.1/Zeo(+) (Invitrogen, Catls-
bad, CA, United States), and validated by sequencing. The
primers used for the RELMJ cDNA amplification were
5-CGCCCAAGCTTATGGGGCCGTCCTCTTGC-3
(forward) and 5>-CGCGGATCCTCAGGTCAGGT-
GGCAGCA-3’ (reverse). The recombinant pcDNA
3.1-RELMp or empty vector (mock) was transfected
into SGC-7901 and MKN-45 cells with Lipofectamine
2000 (Life Technologies, Inc., Gaithersburg, MD, United
States), according to the manufacturer’s instructions. To
monitor the transfection efficiency, the cancer cells were
co-transfected with pEGFP-N1 (Clontech, Mountair
View, CA, United States).

Western blotting

Western blotting was performed as previously descri-
bed™, with antibodies specific for RELMp (Abcam Inc,
Cambridge, MA, United States), matrix metalloprotein-
ase-2 (MMP-2), MMP-9, v-ets erythroblastosis virus E26
oncogene homolog 1 (Ets1), vascular endothelial growth
factor (VEGF) and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, United States). ECL substrate kit (Amersham,
Piscataway, NJ, United States) was used for the chemilu-
minscent detection of signals with autoradiography film
(Amersham).

Reverse transcription polymerase chain reaction and
real-time quantitative reverse transcription polymerase
chain reaction

The reverse transcription reactions were conducted with
Transcriptor First Strand cDNA Synthesis Kit (Roche, In-
dianapolis, IN, United States). The polymerase chain reac-
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Table 1 Primers sets used for reverse transcription polymerase

chain reaction and real-time reverse transcription polymerase
chain reaction

Primer set Primers Sequence Product
size (bp)

RELMB Forward 5-ATGGGGCCGTCCTCTTGCCTCC-3" 336
Reverse 5-TCAGGTCAGGTGGCAGCAGCG-3'

MMP-2 Forward 5-CCAAAACGGACAAAGAGT-3’ 275
Reverse 5-ATCAGGTGTGTAGCCAAT-3'

MMP-9 Forward 5-CAGAGATGCGTGGAGAGT-3’ 220
Reverse 5-TCTTCCGAGTAGTTTTGG-3'

Etsl Forward 5-TTCACTAAAGAACAGCAAC-3 205
Reverse 5-TGTCCCCAACAAAGTCTG-3'

VEGF Forward 5-GGCAGAATCATCACGAAG-3’ 276
Reverse 5-TGTGCTGTAGGAAGCTCA-3’

GAPDH Forward 5- AGAAGGCTGGGGCTCATTTG-3’ 258

Reverse 5- AGGGGCCATCCACAGTCTTC-3

RT-PCR: Reverse transcription polymerase chain reaction; RELM:
Resistin-like molecule §; MMP: Matrix metalloproteinase-2; Ets1: E26
oncogene homolog 1; VEGF: Vascular endothelial growth factor; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.

tion (PCR) amplification was performed with the primer
sets indicated in Table 1. Real-time PCR with SYBR
Green PCR Master Mix (Applied Biosystems, Foster City,
CA, United States) was performed using ABI Prism 7700
Sequence Detector (Applied Biosystems). The fluorescent
signals were collected during extension phase, Ct values
of the sample were calculated, and the transcript levels
were analyzed by 2“method.

MTT colorimetric assay

Cancer cells were cultured in 96-well plates at 5 X 10°
cells per well and transfected with pcDNA3.1-RELMf3
or empty vector (mock). After transfection for 24 h, 72 h
and 120 h, cell viability was monitored by the 3-(4,5-di-
methyltriazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT, Sigma, St. Louis, MO, United States) colorimetric
assaylzoj. All experiments were done with 6-8 wells per ex-
periment and repeated at least three times.

Colony formation assay

Seventy-two hours after transfection, the cells were seed-
ed at a density of 300/mL on 35-mm dishes. Colony for-
mation assay was performed as previously described™”.
Positive colony formation (more than 50 cells/colony)
was counted. The survival fraction of cells was expressed
as the ratio of plating efficiency of treated cells to that of
untreated control cells.

EdU incorporation assay

Cancer cells were cultured in 96-well plates at 5 X 10 cells
per well, transfected with pcDNA3.1-RELMf or empty
vector (mock) for 72 h, then exposed to 50 ymol/L of
5-ethynyl-20-deoxyuridine (EdU, Ribobio, China) for ad-
ditional 4 h at 37 "C. The cells were fixed with 4% formal-
dehyde for 15 min and treated with 0.5% Triton X-100 for
20 min at room temperature. After washing with phos-
phate buffered saline for three times, the cells of each well
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were reacted with 100 pl. of 1 X Apollo® reaction cock-
tail for 30 min. Subsequently, the DNA contents of cells
in each well were stained with 100 pl. of Hoechst 33342
(5 pg/mL) for 30 min and visualized under a fluorescent
microscope.

Cell adhesion assay

Seventy-two hours after transfection, 2 X 10" cancer cells
were inoculated into each well of 96-well plates that were
precoated with 100 pL of 20 pg/mL matrigel (BD Biosci-
ences, Franklin Lakes, NJ, United States), and incubated
at 37 C in serum-free complete medium (pH 7.2) for 2
h. Cell adhesion was measured as previously described””.
And 0%, 20%, 50% and 100% of inoculated cells were di-
rectly fixed in 4% paraformaldehyde 2 h after inoculation.

Scratch migration assay

Cancer cells were cultured in 24-well plates and transfect-
ed with pcDNA3.1-RELMf or empty vector (mock). Sev-
enty-two hours after transfection, the cells were scraped
with the fine end of 1-mL pipette tips (Time 0). Scratch
migration assay was performed as previously described””.
Remodeling was measured as diminishing distance across
the induced injury and normalized to the 0 h control.

Matrigel invasion assay

The Boyden chamber technique (transwell analysis) was
applied as previously described™”. Briefly, 72 h after trans-
fection, homogeneous single cell suspensions (1 X 10°
cells/well) were added to the upper chambers and allowed
to invade for 24 h at 37 C in a CO: incubatot. The migrat-
ed cells were counted according to the published criteria™!

Tube formation assay

Fifty microliters of growth factor-reduced matrigel were
polymerized on 96-well plates. HUVECs were serum
starved in RPMI1640 medium for 24 h, suspended in
RPMI1640 medium preconditioned with pcDNA3.1-
RELM- or empty vector-transfected SGC-7901 or
MKN-45 cells, added to the matrigel-coated wells at the
density of 5 X 10' cells/well, and incubated at 37 C for
18 h. Tube formation was visualized using a Leitz inverted
microscope equipped with a Sony color digital DXC-S500
camera. Anti-angiogenic activity was detected by measut-
ing the length of tube walls formed in the discrete endo-
thelial cells in each well compared with the controls.

Statistical analysis
Unless otherwise stated, all data were shown as mean &
SE. Statistical significance (P < 0.05) was determined by #
test or analysis of variance (ANOVA) followed by assess-
ment of differences using SigmaStat 2.03 software (Jandel,
Erkrath, Germany).

RESULTS

Transient transfection-mediated over-expression of
RELMp in gastric cancer cells
To examine the effects of RELMf over-expression on
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Figure 1 Transient transfection-mediated over-expression of resistin-like molecule 3 in gastric cancer cells. A: Western blotting indicated that low resistin-like
molecule B (RELMB) protein was detected in the parental SGC-7901 and MKN-45 cells, and transient transfection of the empty vector (mock) did not affect the expres-
sion levels of RELMB. However, transient transfection of pcDNA3.1-RELM for 24 h, 72 h and 120 h resulted in increased RELMP expression; B: 24 h, 72 h and 120 h
after transfection, reverse transcription polymerase chain reaction (RT-PCR) indicated the increased RELMB transcription levels in pcDNA3.1-RELMp transfected
SGC-7901 and MKN-45 cells, but not in mock group; C: Real-time quantitative RT-PCR further demonstrated that transfection of pcDNA3.1-RELMp for 24 h, 72 h and
120 h resulted in upregulation of RELM transcription levels in SGC-7901 and MKN-45 cells. The symbol (a) indicates a significant increase compared with parental

cells (P < 0.01). Triplicate experiments were performed with essentially identical results.

human gastric cancer, the RELMB cDNA was amplified
from human colon tissues, subcloned into pcDNA3.1/
Zeo(+) and validated by sequencing. Gastric cancer
SGC-7901 and MKN-45 cells were transfected with
pcDNA3.1-RELM or empty vector (mock). The transfec-
tion efficiency was monitored by co-transfection with the
enhanced green fluorescent protein (EGFP) reporter
vector pEGFP-NT1. Seventy-two hours after transfection,
EGFP expressed within the cytoplasm of cancer cells,
with the transfection efficiency around 60% (data not
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shown). The protein and mRNA expression of RELMf
was examined by Western blotting, reverse transcription
polymerase chain reaction (RT-PCR), and real-time quan-
titative RT-PCR. As shown in Figure 1A-C, low RELMf
protein and mRNA could be detected in the patrental
SGC-7901 and MKN-45 cells, and transient transfection
of empty vector did not affect the expression levels of
RELMB (P > 0.05). However, RELM[ was significantly
increased in the pcDNA3.1-RELMf-transfected cells (P
< 0.01). These results indicated that the eukaryotic vector
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for RELM used in this study was efficient in up-regulat-
ing the expression of RELMJ in gastric cancer cells.

Over-expression of RELMp did not affect the in vitro cell
proliferation of gastric cancer cells

The effects of RELMJ over-expression on proliferation
of SGC-7901 and MKN-45 cells were measured by MTT
colorimetric assay. We found that transfection of pcDNA
3.1-RELM or empty vector (mock) did not affect the
cell proliferation when compared with the parental cells
(P > 0.05, Figure 2A). In addition, colony formation and
EdU incorporation assays further revealed that over-
expression of RELMf did not influence the proliferation
of cultured SGC-7901 and MKN-45 cells (P > 0.05, Fig-
ure 2B and C). These results indicated that over-expres-
sion of RELMJ did not affect the 7 vitro proliferation of
gastric cancer cells.

Over-expression of RELMp attenuated the adhesion,
migration and invasion of gastric cancer cells in vitro
Since the adhesion, migration and invasion are three criti-
cal steps involved in metastasis, and RELM[} expression
in gastric cancer is correlated with tumor infiltration and
lymph node metastasis' ", we examined the effects of
RELMf over-expression on these characteristics in cul-
tured gastric cancer cells. In the adhesion assay, SGC-7901
and MKN-45 cells transfected with pcDNA3.1-RELMf3
exhibited markedly reduced ability in adhesion to the pre-
coated matrigel, when compared with parental cells (P <
0.01, Figure 3A). However, the cells transfected with emp-
ty vector (mock) had similar adhesive abilities as patrental
cells (Figure 3A). In addition, transfection of pcDNA3.1-
RELMS into SGC-7901 and MIKN-45 cells resulted in an
impaired migration capacity (P < 0.01), when compared
with the parental and mock cells as evidenced by scratch
migration assay (Figure 3B). Moreover, over-expression of
RELMS abolished the invasion capabilities of SGC-7901
and MKN-45 cells, when compared with the parental and
mock cells as evidenced by transwell analysis (P < 0.01,
Figure 3C). These results suggested that over-expression
of RELM suppressed the adhesion, invasion and metas-
tasis of gastric cancer cells i vitro.

Over-expression of RELMpB decreased the expression of
MMP-2 and MMP-9 in gastric cancer cells

To explore the mechanisms underlying RELMf3-mediated
suppression on the adhesion, invasion and metastasis of
gastric cancer cells, the protein and mRNA expression of
MMP-2 and MMP-9 were examined by Western blotting,
RT-PCR and real-time quantitative RT-PCR. As shown in
Figure 4A, B and C, the expression of MMP-2 and MMP-9
was significantly decreased in the pcDNA3.1-RELMj-
transfected SGC-7901 and MKN-45 cells (P < 0.01) as
compared with the parental cells. However, transient
transfection of the empty vector (mock) did not affect
the expression level of MMP-2 or MMP-9. These results
indicated that over-expression of RELMJ attenuated the
expression of MMP-2 and MMP-9 in gastric cancer cells.
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Over-expression of RELMp inhibited the in vitro
angiogenesis of gastric cancer cells

We further investigated the effects of RELMf over-
expression on the 7z vitro angiogenic capabilities of
SGC-7901 and MKN-45 cells. As shown in Figure 5, ex-
tensive tube formation of endothelial cells was observed
in parental and mock cells. However, when the endothe-
lial cells were treated with the medium preconditioned
with pcDNA3.1-RELMp-transfected SGC-7901 or
MKN-45 cells, the tube formation was significantly sup-
pressed (P < 0.01, Figure 5). These results indicated that
over-expression of RELMf remarkably decreased the
angiogenesis of gastric cancer cells 7 vitro.

RELMB attenuated the expression of VEGF, but not Ets1
in gastric cancer cells

Since Etsl is one of the most important transcription fa-
ctors to promote tumor angio-genesis”, and based on
the evidence that resistin, a member of the RELM fam-
ily, influences the VEGF expression in cancer cells””, we
hypothesized that RELM[ might affect its expression
in gastric cancer cells. The expression levels of Etsl and
VEGF were examined by Western blotting, RT-PCR and
real-time quantitative RT-PCR. As shown in Figure 6A, B
and C, the protein and mRNA levels of Etsl and VEGF
could be detected in the parental SGC-7901 and MIKN-45
cells, and transient transfection of the empty vector
(mock) did not affect their expression levels. However,
VEGE, but not Ets1, was significantly decreased in the
pcDNA3.1-RELMf-transfected cells (P < 0.01). These
results indicated that over-expression of RELMf attenu-
ated the expression of VEGF in gastric cancer cells.

DISCUSSION

Resistin-like molecules/found in inflammatory zone
(RELM/FIZZ) gene family consists of four members,
including resistin, RELMa,, RELMf and RELMy, which
exhibit unique distribution patterns in mammalian spe-
cies'". Resistin, a small and cysteine-rich protein hor-
mone secreted from adipose tissue, is named for its abil-
ity to induce insulin resistance™. RELMg, is expressed
in several tissues including white adipose tissue and lung,
and participates in the regulation of inflammatory pro-

ess?, RELMS is highly conserved in all examined
mammalian species, and its expression is tightly restricted
to intestinal goblet cells, from where it is secreted apically
into the intestinal lumen as a homodimer". RELMy is
expressed in mouse spleen, bone marrow and intestine,

and may play a role in promyelocytic differentiation™*".,

Currently, although most studies have focused on the

roles of RELM in intestinal defense against parasitic
nematode infection and colonic inflammation™”, the

functions of RELMf remain to be further elucidated.
Interestingly, recent evidences reveal the close relationship

.. 30 . 31
between resistin and prostate cancer”™”, gasttic cancer”'|,
32,33 34,35 .
colorectal cancer™, breast cancer™, and endomettial

cancer™. Tt has been indicated that resistin induces cell

February 28, 2012 | Volume 18 | Issue 8 |



Zheng LD et a/. RELMP over-expression on gastric cancer cells

A 57 —&— Control 5[ —®— Control
--®--  Vector |
2 4 —a— remp g4
Q 8
— O " ©
= 3¢ T 2 37
[ > L
B 2T B 2
& g
1 1k
0 0
1 3 5 1 3 5
t/d t/d
B SGC-7901 MKN-45
PR a0
AR Ul N
Control ~ *=%% €a' Lx et
* ORI e - & 4 9 [ m SGC-7901
*rie g - e
Fee I R ottty 80 - M MKN-45
o X 4.t o s Sl <
. o L . E/ 70 +
]
© 60
S 50
Vector B [
E 40
L
> 30 -
c
oS
(o]
(@]

RELMp

C
Control
>
By Vector
€]
Q
(]
RELMB
55 [ @ SGC-7901
50 - m MKN-45
Control :\; 45
% 40 -
L
©c 35 -
S 30 r
L0 © o5 L
hi Vector £
E § 20 L
= S5t
Q
© 10
3 s
~ O N
(_,Q(‘\& K2 &

Figure 2 Upregulating resistin-like molecule (3 expression did not affect the in vitro proliferation of gastric cancer cells. A: In 3-(4,5-Dimethylthiazol-2-y)-2,5-
diphenyltetrazolium bromide colorimetric assay, transfection of pcDNA3.1-resistin-like molecule  (RELMP) or empty vector (mock) for 24 h, 72 h and 120 h, did not
affect the cell proliferation, when compared with the parental SGC-7901 and MKN-45 cells (P > 0.05); B: Colony formation assay indicated that 72 h after transfection,
over-expression of RELMB did not affect the in vitro proliferation of SGC-7901 and MKN-45 cells (P > 0.05); C: 5-ethynyl-20-deoxyuridine incorporation assay re-
vealed that 72 h after transfection, over-expression of RELMp did not influence the proliferation of cultured SGC-7901 and MKN-45 cells (P > 0.05). Triplicate experi-
ments were performed with essentially identical results.

(49

\gu;ﬁi"p WJG | www.wjgnet.com 759 February 28, 2012 | Volume 18 | Issue 8 |



Zheng LD et a/. RELMP over-expression on gastric cancer cells

A 09 @ scc7901
0.8 - W MKN-45

0.7
0.6
0.5
0.4
0.3

As7onm of crystal violet

0.2
0.1

0

(\&&o\ & Q@g& 0% 20%  50%  100%

B SGC-7901 MKN-45

14 r @ SGC-7901
B MKN-45

Control

Vector

Relative migration distance

RELMp

Control |

= SGC-7901
B MKN-45

160
140
120
100
80
60
40
20

Vector

Cells invaded per field

RELMB

Figure 3 Over-expression of resistin-like molecule 8 attenuated the adhesion, migration and invasion of gastric cancer cells in vitro. A: In the adhesion
assay, SGC-7901 and MKN-45 cells transfected with pcDNA3.1-resistin-like molecule B (RELM) for 72 h exhibited markedly reduced ability in adhesion to the
precoated matrigel, when compared with parental cells. However, the cells transfected with empty vector (mock) had a similar adhesive ability as parental cells; B:
Scratch migration assay indicated that transfection of pcDNA3.1-RELMB into SGC-7901 and MKN-45 cells for 72 h resulted in an impaired migration capacity, when
compared with the parental cells and mock group; C: Transwell analysis indicated that transfection of pcDNA3.1-RELM for 72 h abolished the invasive capabilities of
SGC-7901 and MKN-45 cells, when compared with the parental and mock cells. The symbol (a) indicates a significant decrease compared with parental cells (P < 0.01).
Triplicate experiments were performed with essentially identical results.

4%

3,;1..1.::..,,@ WIJG | www.wjgnet.com 760 February 28, 2012 | Volume 18 | Issue 8 |



Zheng LD et a/. RELMB over-expression on gastric cancer cells

A 14 - @ sGc-7901
12 | MKN-45

MMP-2

e
N — e S

SGC-7901
|
} Q
|
‘ ’
Relative MMP-2 protein levels
o o o -
[S) > o ® o
T T T T T
Q
Q

0.2
GAPDH
N < S
~ <O N
i " & &
— -
‘ MMP-2 L4 1 @ sec-7901
g - | MMP9 H
5 2 g0 f
: 8
S 08 a
@
s 06 |
= a
2 04
©
€ 02 |
0 . <
L
~ o W
(JOQ Ae’é' &
B C 14 @ SGC7901

Lo | MKN-45

Real-time PCR
Relative MMP-2 transcription levels
o o o o -
o N N o ® o
T T T T T
1]
Q

>
()]
~
Q
(7]
N < Q
GAPDH © X0 N
14 - @ sec-7901
X .
S 1.0
2 5 2
y MMP-9 %5 os | a
o <
= E S
To 06
oo
GAPDH gg a
S 04
[0}
=
502t
[v4
0 N .
L
& O N
s & &

Figure 4 Over-expression of resistin-like molecule  decreased the expression of matrix metalloproteinase-2 and matrix metalloproteinase-9 in gastric
cancer cells. A: Western blotting indicated that 72 h after transfection, over-expression of resistin-like molecule 3 (RELMp) abolished the expression of matrix metallo-
proteinase (MMP)-2 and MMP-9 in SGC-7901 and MKN-45 cells. However, transfection of empty vector (mock) did not influence their expression; B: Reverse transcrip-
tion polymerase chain reaction (RT-PCR) indicated the decreased MMP-2 and MMP-9 transcription levels in SGC-7901 and MKN-45 cells transfected with pcDNA3.1-
RELMp for 72 h, but not in mock group; C: Real-time quantitative RT-PCR further demonstrated that transfection of pcDNA3.1-RELM for 72 h resulted in decreased
transcription levels of MMP-2 and MMP-9 in SGC-7901 and MKN-45 cells. The symbol (a) indicates a significant decrease compared with parental cells (P < 0.01).
Triplicate experiments were performed with essentially identical results. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 5 Over-expression of resistin-like molecule { inhibited the in vitro angiogenic capabilities of gastric cancer cells. Extensive tube formation of
endothelial cells was observed in parental and empty vector (mock) groups. However, when the endothelial cells were treated by the medium preconditioned with
pcDNA3. 1-resistin-like molecule B (RELMB)-transfected SGC-7901 or MKN-45 cells, the tube formation was suppressed. The symbol (a) indicates a significant de-
crease compared with parental cells (P < 0.01). Triplicate experiments were performed with essentially identical results.

proliferation of prostate cancer through phosphatidyl-
inositol 3-kinase (PI-3K)/Akt signaling pathwaysm. In ad-
dition, transfection of RELMy into promyelocytic HL.60
cells resulted in increased proliferation rate and an altered
response to retinoic acid-induced granulocytic differentia-
tion”". Thus, these findings indicate the potential role of
RELM/FIZZ gene family in the progression of cancet.
Our previous studies have revealed that RELMf is
virtually absent in normal gastric mucosa, whereas gastric
cancer exhibits aberrant RELMf expressionm]. Patients
showing positive RELMf expression have a significantly
longer overall survival than those with negative expres-
sion, indicating the prognostic value of RELM-f in
predicting the outcomes of gastric cancer'”. Current
literatures show conflicting results regarding the role of
RELMSB in cell proliferation®™””. McVay e a/™ reported
that RELM did not alter colonic epithelial prolifera-
tion or barrier function in the dextran sodium sulfate-
induced model of murine colonic injury. In cultured lung
adenocarcinoma A549 cells, transfection of a RELMf3
encoding expression vector resulted in increased prolif-
eration zza the PI-3K patl)wayl39]. In this study, we found
low expression levels of RELM in the poorly or moder-
ately differentiated gastric cancer cell lines SGC-7901 and
MKN-45. Unexpectedly, over-expression of RELMf did
not affect the proliferation of SGC-7901 and MKN-45
cells as evidenced by MTT colorimetry, colony formation
and EdU incorporation assays. We believe that the effects
of RELMf on cell proliferation varied among different
cancer types. In our previous studies, we have observed
the correlation between the intensity of RELMf and
metastatic index heparanase, one of the key enzymes in-
volved in the invasion and metastasis of gastric cancer'”.
We found that in primary gastric cancer tissues, lower
RELMS intensity was correlated with higher heparanase
expressionml. In this study, we chose the RELMf lowly-
expressed gastric cancer cell lines as models, and demon-
strated that over-expression of RELM resulted in atten-
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uated adhesion, migration and invasion, three important
steps for cancer metastasis.

MMPs are a family of enzymes that proteolytically
degrade various components of the extracellular matrix
(ECM), and are closely correlated with tumor invasive
and metastatic potenrialsm]. MMP-2 and MMP-9 partici-
pate in the degradation of basement membrane and the
remodeling of ECM™, and appear to promote tumor ini-
tiation, invasion, and metastasis™™. Tumor cells can syn-
thesize and secret large amounts of MMP-2 and MMP-9
in a paracrine and/or autocrine manner to stimulate
angiogenesis[4“. Previous studies show that high levels
of MMP-2 and/or MMP-9 have a significant correlation
with the invasion and metastasis of gastric cancer™*,
and are associated with poor prognosism]. In this study,
we found that over-expression of RELMJ inhibited the
expression of MMP-2 and MMP-9 in gastric cancer cells,
which at least in part, contributed to the RELM-mediated
suppression of migration and invasion of cancer cells.

Angiogenesis, the process of new capillary formation
from pre-existing vessels to provide oxygen and nutrients
to tumot, plays an essential role in invasion and metastasis
of malignanciesm]. Previous studies indicate that resistin
increases 7 vifro angiogenesis in human coronary artery
endothelial cells and umbilical vein endothelial cells™*.
As a mouse homolog of RELMJ, hypoxia-induced mi-
togenic factor (HIMF) is found to promote angiogenesis
and participate in pulmonary vascular remodeling and
fibrotic lung disease™™*. RELMB is expressed in the lung
tissue of patients with sclerodermaassociated pulmonary
hypertension“é], and recombinant RELMJ induces the
proliferation and activation of extracellular signal regulat-
ed kinase 1/2 (ERK1/2) in primary cultured human pul-
monary endothelial and smooth muscle cells". However,
the influence of RELM on the angiogenic capabilities
of cancer cells still remains exclusive.

In the current study, we demonstrated the anti-angio-
genic properties of RELMf in gastric cancer cells. It has
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Zheng LD et a/. RELMB over-expression on gastric cancer cells

A 14 - m sGc-7901
& $ & w 12 B MKN-45
R\ & < g
G X X D 10
£
W 0.6
— h "
g o
3 LI VEGF g 04T
) &€ oo L
D S o o
3 S N
~ o W
(JOQ Ae’é' ng
0 § 1.2 - W MKN-45
c DG - v © o
= c '
£
i P S 08
GAPDH w
>
q>J 04 |
B a 2
[0}
£ 02
0 N S N
o~ o >
& & &
B c 1.4 . [ SGC-7901
MKN-45
< 12 | u
>
@
. .5 1.0
B
Ets1 &5 08
L 2
o E g 06
& ™ =
5 VEGF &8 04 |
Q 4
@ 5 02+
Q
GAPDH <
> & &
(10(\‘6 Ae’é Q(-a/
Ets1 14 - [ SGC-7901
3 [ |
. ° 1ol MKN-45
1 k]
z VEGF S 10
s © B
=8 08
GAPDH £8 o6l
R
28 a
> 04 a
(]
=
5021
&
0 3 S N
Q' Q' Q\
(JOQ‘és Qe’é' ng

Figure 6 Over-expression of resistin-like molecule 3 decreased the expression of vascular endothelial growth factor, but not v-ets erythroblastosis virus E26
oncogene homolog 1, in gastric cancer cells. A: Western blotting indicated that 72 h after transfection, over-expression of resistin-like molecule g (RELMp) abolished
the expression of vascular endothelial growth factor (VEGF), but not v-ets erythroblastosis virus E26 oncogene homolog 1 (Ets1), in SGC-7901 and MKN-45 cells. More-
over, transfection of empty vector (mock) did not influence the expression of VEGF and Ets1; B: Reverse transcription polymerase chain reaction (RT-PCR) indicated the
decreased VEGF transcription levels in SGC-7901 and MKN-45 cells transfected with pcDNA3.1-RELM for 72 h, but not in mock group. Moreover, the Est1 transcrip-
tion levels were not influenced by transfection of pcDNA3.1-RELMP or empty vector (mock); C: Real-time quantitative RT-PCR further demonstrated that transfection of
pcDNA3.1-RELMB for 72 h resulted in decreased transcription levels of VEGF, but not of Ets1, in SGC-7901 and MKN-45 cells. The symbol (a) indicates a significant
decrease from parental cells (P < 0.01). Triplicate experiments were performed with essentially identical results. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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been established that VEGF is secreted by most tumor
cells, and plays a determinant role in regulating tumor
angiogenesis through inducing cell proliferation, differ-
entiation, and migration of vascular endothelial cells™”.
VEGF induces the formation of new vessels by targeting
VEGTF receptor 2 signaling pathway, and benefits primary
tumor growth and metastasis” . Thus, targeting constitu-
tive VEGF and/or its receptors has been an attractive
approach for cancer therapy. Our results further showed
that over-expression of RELMJ inhibited the expression
of VEGF in gastric cancer cells. Based on our recent
evidence that recombinant RELMJ protein possesses
anti-angiogenic effects »ia decreasing the proliferation,
migration, and tube formation of human umbilical vein
endothelial HUVEC cells (data not shown), we believe
that RELMJ is of potential values as a novel therapeutic
target for human gastric cancer.

The mechanisms underlying RELMf expression in
gastric cancer still remains exclusive. Previous evidence
indicates that a region between -418 and -588 in the
human RELMJ promoter contains two potential cau-
dal type homeobox (CDX) binding sites™. Moreover,
CDX-2, but not CDX-1, binds to the human RELMf
promoter and thereby transactivates RELMJ expression
in a goblet cell-specific fashion™. However, our prelimi-
nary findings indicate that CDX-2 does not transactivate
the RELMf expression in cultured gastric cancer cells
(data not shown). The constitutive expression of RELMf3
in gastric cancer tissues with or without intestinal meta-
plasialw] suggests that other transcription factors are in-
volved in the regulation of RELM expression in gastric
cancer, which warrants further investigations.

In summary, for the first time, we have demonstrated
that over-expression of RELM[ can efficiently inhibit the
invasion, metastasis and angiogenesis of gastric cancer
cells. It is likely that the RELMf over-expression depresses
the expression of MMP-2 and MMP-9, thus inhibiting
the invasion and metastasis of gastric cancer. In addition,
transfection of RELM[} suppresses the VEGE expres-
sion, which may result in decreased angiogenesis of gastric
cancer cells. These results suggest a potential strategy for
gastric cancer therapy »zz modulating or regulating the
RELM expression. Further knocking down the RELMf3
expression in RELM[ highly-expressed cell lines and 7# vivo
studies are warranted to investigate the role of RELMS in
the development and progression of gastric cancer.

COMMENTS

Background

According to the previous studies of the authors, the aberrant expression of
resistin-like molecule B (RELMB), an intestinal goblet cell-specific protein, in
gastric cancer tissues, is positively correlated with tumor differentiation and
longer overall survival, and inversely correlated with tumor infiltration and lymph
node metastasis. However, the exact roles and underlying mechanisms of
RELM} in the progression of gastric cancer still remain unknown.

Research frontiers

Although most studies of RELMPB have focused on its function in intestinal
defense against parasitic nematode infection of the intestine and colonic inflam-
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mation, increasing attention has been paid to the role of RELM in tumor biol-
ogy. The authors in their previous studies have demonstrated that RELMB is a
biomarker of intestinal metaplasia in Barrett's esophagus, and over-expressed
in gastric cancer and colon cancer. However, no study has yet investigated the
exact role of RELM in invasion, metastasis and angiogenesis of gastric cancer.

Innovations and breakthroughs

In this study, the authors demonstrate, for the first time, that over-expression
of RELM can efficiently inhibit the invasion, metastasis and angiogenesis of
gastric cancer cells. It is likely that the RELMp over-expression depresses the
expression of matrix metalloproteinase (MMP)-2 and MMP-9, thus inhibiting the
invasion and metastasis of gastric cancer. In addition, transfection of RELMpB
suppresses the vascular endothelial growth factor expression, which may result
in decreased angiogenesis of gastric cancer cells.

Applications

RELMp expression is a useful prognostic factor for predicting the outcomes
of gastric cancer patients. The effects of RELMp over-expression on the inva-
sion, metastasis and angiogenesis of gastric cancer cells suggest a potential
strategy for gastric cancer treatment via modulating or regulating the RELMB
expression. Further knocking down the RELMP expression in RELMB highly-
expressed cell lines and in vivo studies are warranted to investigate the role of
RELMB in the development and progression of gastric cancer.
Terminology

RELMB is a recently described goblet cell-specific protein that belongs to the
resistin-like molecules, or found in inflammatory zone (RELM/FIZZ) gene family
and functions as a critical immune-effector molecule in the expulsion of gastro-
intestinal tract nematodes.

Peer review

The authors reported a study elucidating the effects of RELM[ over-expression
on the invasion, metastasis and angiogenesis of gastric cancer cell lines. It
revealed that transient transfection of RELM into low-expressing gastric
cancer cell lines resulted in attenuated adhesion, migration and invasion, three
important steps for cancer metastasis. In addition, over-expression of RELMf
suppressed the angiogenic capabilities of cancer cells. The results are original
and may represent a novel strategy for the treatment of gastric cancer.
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