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Expression of glia maturation factor vy is associated with
colorectal cancer metastasis and its downregulation
suppresses colorectal cancer cell migration
and invasion in vitro
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Abstract. Glia maturation factor y (GMFG) functions to
reorganize the actin cytoskeleton and appears to play a
causative role in cell migration and adherence. The present
study assessed GMFG expression in colorectal cancer cells
and tissue specimens and then explored the role of GMFG
in colorectal cancer progression in vitro. GMFG protein was
highly expressed in colorectal cancer tissues and a metastatic
colon cancer cell line. Knockdown of GMFG expression using
GMFG siRNA or anti-GMFG antibody decreased the capacity
of colon cancer LoVo cell migration and invasion in vitro, while
recombinant GMFG treatment induced LoVo cell migration.
Furthermore, GMFG knockdown also decreased expression
of MMP?2 protein and reversed epithelial-mesenchymal tran-
sition (EMT) phenotypes in LoVo cells. Co-culture of LoVo
cells with human umbilical vein endothelial cells (HUVECsS)
and exogenous GMFG treatment promoted LoVo cell migra-
tion and invasion. The data from the present study indicate
that GMFG should be further evaluated as a biomarker for
detection of colorectal cancer metastasis and that the targeting
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of GMFG expression or function could be a novel strategy in
the future control of colorectal cancer.

Introduction

Colorectal cancer is the third most commonly occurring
cancer worldwide and accounts for the third highest cancer-
related mortality rate in the US (1,2). Colorectal cancer
development may take decades by transformation of normal
epithelial cells to invasive tumor cells and involves many
genetic alterations and is influenced by many environmental
factors. Dr Vogelstein illustrated decades ago a model of the
adenoma-carcinoma sequence with gene alterations (3-5).
Clinically, ~65% of colorectal cancer patients survive for an
average of 5 years (1,2). However, when diagnosed with early
stages and localized disease, the 5-year survival rate can reach
90.3%, while the survival rate may be reduced to only 12.5%
when patients are diagnosed with advanced stages with tumor
distant metastasis (6,7). The most common metastatic sites
include the liver and peritonea and ~20% of patients have liver
metastases at the first diagnosis of colorectal (8-10). Moreover,
tumor metastasis accounts for the majority of cancer-related
deaths, and only 40% of patients are implicated to receive
curable surgery. Thus, it is urgent to search for and identify
novel biomarkers for the early detection of colorectal cancer,
particularly for detection of tumor metastasis and progression.

Glia maturation factor y (GMFG) is a 17-kDa protein
and the GMF family of proteins includes GMFB and
GMFG (11-14). GMFG levels are detectable in sera of healthy
individuals without obvious difference between women and
men and are enriched in various human organs, such as the
thymus, spleen and colon (15). Structurally, GMFG protein
belongs to the ADF/cofilin family and can modulate actin
cytoskeleton reorganization in microvascular endothelial,
human airway smooth muscle and ovarian cancer cells (16,17).
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Moreover, GMFG can affect Toll-like receptor 4 (TLR4)
signaling in macrophages, regulate chemotaxis of neutrophil
and T lymphocytes (18,19), and affect the angiogenic sprouting
in zebra fish (20). Taken together, GMFG could regulate
cell mobility and angiogenesis and therefore, we speculated
that GMFG could play a role in cancer metastasis. Indeed,
Zuo et al (14) showed that GMFG expression was able to influ-
ence migration and invasion of epithelial ovarian cancer. In
addition, alteration and reduction in epithelial cell adhesion
ability enhance epithelial-mesenchymal transition (EMT), and
contribute to tumor cell migration, invasion and metastasis.
E-cadherin (E-Cad) has the ability to regulate cell adhesion,
whereas vimentin is usually overexpressed in carcinoma
cells (21-23) and the matrix metalloproteinase (MMPs) family
is critical in the modulation of tumor cell invasion and metas-
tasis, particularly MMP2 and MMP9 (24), since these MMPs
are enzymes that can digest collagen I and IV and laminin
in the extracellular matrix (25-27). A previous study demon-
strated that aberrant MMP2 gene-phenotype was associated
with colorectal cancer prognosis (28).

In the present study, we first assessed GMFG expression in
colorectal cancer cells and tissue specimens, and then explored
the role of GMFG in the regulation of colorectal cancer
cell migration and invasion. We aimed to provide insightful
information in order to emphasize that detection of GMFG
expression is a valuable biomarker with which to diagnose
colorectal cancer metastasis and predict tumor progression.

Materials and methods

Cancer cell lines and colorectal cancer tissues. Different
human cancer cell lines LoVo, HCT-116, LS174T, SW-620,
SW-480, U87, U251, KBV, A549, MDA-231, HeLa, CaSki,
SiHa, and MG-63 were obtained from the Research Center
of Clinical Medicine, Nanfang Hospital (Guangzhou, China)
and were maintained in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS) (both
from HyClone, Logan, UT, USA) in a humidified incubator
with 5% CO, at 37°C.

Colorectal cancer tissue specimens were obtained from
68 patients who received surgery for tumor resection in
Nanfang Hospital between December 2011 and January 2013.
These patients did not receive any treatments before surgery
and all cases were histologically diagnosed and retrospectively
reviewed by two pathologists in the present study. The present
study was approved by the Human Ethics Committee of Nanfang
Hospital. In the present study, we collected paired normal and
colorectal cancer tissue specimens and clinicopathological
data from each patient. Tissue samples were stored in liquid
nitrogen until use according to our previous study (29). Among
these patients, 24 patients had rectal cancer and 44 had colon
cancer, while 40 were at early stages of disease without tumor
metastasis while 28 had different degrees of tumor metastasis
according to the standard of the National Comprehensive
Cancer Network (NCCN). The clinicopathological character-
istics of the patients are presented in Table 1.

Protein extraction and western blotting. Different cancer
cell lines were grown and then collected from cell culture
plates after being washed with phosphate-buffered saline
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(PBS) 3 times and lysed in a lysis buffer containing 50 mM
Tris (pH 7.4), 150 mM NacCl, 1% sodium deoxycholate, 0.1%
sodium dodecyl sulfate and phosphorylase and metallopro-
teinase inhibitor (Beyotime, Inc., Beijing, China). Colorectal
tumor tissues were grinded on ice and then lysed in the same
lysis buffer. Both types of cell lysis were then centrifuged and
the concentration of protein samples was measured using the
BCA protein assay kit (Beyotime). The protein samples were
then treated with 5X loading buffer and boiled at 100°C for
5 min, separated using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) on 12% SDS-PAGE gels and
transferred onto polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). The membranes were then
blocked in 5% skim milk solution in PBS and then incubated
with different primary anti-human antibodies at 4°C overnight
and the secondary antibody and enhanced chemiluminescence
(ECL) kit according to a standard protocol. The primary
antibodies were anti-GAPDH (1:1,000), anti-GMFG (1:1,000)
(both from ProteinTech Group, Wuhan, China), anti-MMP2
(1:1,000), anti-E-Cad (1:1,000) and anti-vimentin (1:1,000) (all
from Abcam, Cambridge, MA, USA).

Immunohistochemistry. Paraffin-embedded tissue speci-
mens were sectioned into 4-um thick sections and put onto
3-aminopropyltriethoxysilane (APES)-coated glass slides.
For immunohistochemistry, the sections were deparaffinized
in xylene and rehydrated in a series of ethanol solution and
submerged in tap-water. The antigen retrieval was then
performed using an antigen unmasking solution, which was
preheated in a microwave for 5 min and the sections in the
buffer were heated at highest energy levels for 8§ min in a
microwave and cooled down to room temperature. Potential
endogenous peroxidase activity was blocked in 3% hydrogen
peroxide for 20 min and the sections were incubated in 5%
casein in PBS for 1 h to block non-specific antibody binding.
The sections were then incubated at 4°C overnight with a
rabbit anti-GMFG antibody (ProteinTech) at a dilution of
1:100 and subjected to a post primary block using the polymer
penetration enhancer (Boshide, Wuhan, China) for 30 min.
Sections were then washed with PBS 5 min each for 3 times
and further incubated at room temperature for 30 min with
an anti-rabbit IgG-Poly-HRP (Merck, Kenilworth, NJ, USA).
The sections were visualized with 3,3'-diaminobenzidine
(DAB) solution (Boshide) and briefly counterstained with
hematoxylin solution.

The immunostained sections were reviewed and scored by
two investigators under a light microscope for intensity and
percentage of staining. Protein localization was evaluated and
classified as nuclear, cytoplasmic and plasmalemma locations.
The percentage of positively stained tumor cells was graded
as 0-10% (1+), 11-50% (2++) and >50% stained cells (3+++),
while the staining intensity was graded as 1 (weakly positive),
2 (positive) and 3 (strongly positive). Subsequently, an immu-
nostaining index was calculated by multiplying the staining
intensity with the percentage of positive cells to reach nega-
tive (0), weak (1+), medium (2++) and strong (3+++) expression
of GMFG (Table I).

Quantitative reverse transcription-polymerase chain reac-
tion (RT-qgPCR). Total RNA was isolated from cells using



ONCOLOGY REPORTS 37: 929-936, 2017 931
Table I. GMFG expression and its association with the clinicopathological data from the colorectal cancer patients.
Level of GMFG expression
Positive
Clinical parameters Cases - + ++ +++ rate (%) P-value
Age (years) 0.270
=60 39 10 7 16 6 744
<60 29 11 5 8 5 62.1
Gender 0.850
Male 41 13 6 15 7 68.3
Female 27 8 6 9 4 704
Lymph node metastasis 0.013*
Yes 28 4 7 12 5 85.7
No 40 17 5 12 6 575
Tumor differentiation 0.480
Well 20 8 4 5 3 60.0
Moderate 42 12 7 17 6 714
Poor 6 1 1 2 2 833
Total no. 0.046*
Normal 68 40 13 8 7 412
Cancer 68 21 12 24 11 69.1

*P<0.05. GMFG, glia maturation factor v.

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reversely
transcribed into cDNA using 5X PrimeScript RT Master
Mix (Takara, Dalian, China) according to the manufacturer's
protocols. After that, these cDNA samples were subjected to
qPCR amplification using 2X SYBR Premix Ex Taq (Takara)
in the 7500 ABI Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). The amplification conditions were 95°C
for 30 sec, 95°C for 5 sec, and 60°C for 34 sec for 40 cycles and
the relative level of mRNA expression was calculated using
the 2-24¢ method after normalization to the level of GAPDH
mRNA. The primers used were: GMFG, 5-CGC GGG AAG
TAA AAA CAGG C-3' and 5'-GGT CTC GTT GAG GTC
GTC TG-3'; and GAPDH, 5-AGA AGG TGG GGCTCATTT
G-3 and 5-AGG GGC CAT CCA CAGT CTT C-3.

GMFG RNA interference. To knockdown GMFG expression
in colorectal cancer cells, we used GMFG siRNA purchased
from Ruibo Co. (Guangzhou, China) and transfected GMFG
siRNA or negative control (NC) siRNA into the colorectal
cells for 24 h using Hylimax (Dojindo, Kumamoto, Japan) in
Opti-MEM (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer's instructions and assayed. The
NC siRNA was random siRNA duplex sequences.

Tumor cell migration and invasion assays. For the migration
assay, 5x10* cells in a serum-free medium were seeded onto
an uncoated filter with 8.0-ym pores (Corning, Corning, NY,
USA), whereas 1x10° cells were seeded onto a filter with 8.0 mm
pores precoated the extracellular matrix (BD Biosciences,
Franklin Lakes, NJ, USA) for the invasion assays. The bottom
chambers were filled with 10% FBS and cultured for 24 h. In

separated experiments, different concentrations of recombi-
nant GMFG (0, 5, 10, 20 and 30 pg/ml) were added into the
bottom chambers. At the end of the experiments, cells on the
surface of the filters were removed using cotton swabs and
PBS, while cells that had migrated or invaded into the low
surface of the filters were fixed and stained with crystal violet
(Beyotime). The numbers of migrated and invaded cells were
counted under a microscope for 10 of 20x microscopic fields
and averaged.

ELISA detection of GMFG in cell culture medium. The level
of GMFG in cell culture medium was measured using the
GMFG ELISA kit (Cusabio Biotech Co., Ltd., Wuhan, China)
according to the manufacturer's protocol. GMFG levels were
expressed as mean + SD of triplicate experiments and repeated
at least 3 times.

Statistical analysis. Statistical analyses were performed using
the SPSS 13.0 statistical software (SPSS, Chicago, IL, USA).
The data are expressed as mean + SD and were statistically
analyzed using one-way ANOVA and ¥ test. P<0.05 indicates
statistically significant results.

Results

Expression of GMFG in different cancer cell lines and
colorectal cancer tissue specimens. In the present study, we
first detected GMFG expression in 14 different cancer cell
lines and found that GMFG was expressed in the majority
of the cell lines (Fig. 1A). GMFG protein was preferentially
expressed in U87, U251, KBV, MDA-231, SiHa and LoVo cells,
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Figure 1. Expression of GMFG protein in various types of human cancer cell lines. (A) Western blot analysis of GMFG expression in 9 different cancer cell
lines. (B) Western blot analysis of GMFG expression in 5 different colorectal cell lines.
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Figure 2. Expression of GMFG in colorectal cancer and normal tissues. (A) Western blot analysis of GMFG expression in paired normal colorectal (N) and
colorectal cancer tissues (T) from 68 patients (data for 4 paired samples are shown). (B) Immunohistochemistry. The data showed differential expression of
GMEFG in colorectal adenocarcinoma and normal adjacent tissues (a, normal tissue; b, well-differentiated colorectal cancer tissue; ¢ moderately differentiated
colorectal cancer tissues; and d, poorly differentiated colorectal cancer tissue). Original magnification, x100.

while colorectal cancer cell line LoVo expressed the highest
level of GMFG compared with the other cell lines (Fig. 1B).

We then analyzed GMFG expression in 68 colorectal
cancer surgical samples and found that 42 samples (61.8%)
expressed a high level of GMFG protein using western blot-
ting compared with the adjacent non-tumor tissues, while
14 samples (20.6%) showed no obvious difference, whereas
12 samples (17.6%) had lower levels of GMFG compared with
normal tissues (Fig. 2A).

Immunohistochemical data showed that GMFG was
highly expressed in colorectal tissues compared to normal
tissues (Fig. 2B). GMFG protein was mainly localized in
mesenchymal cells of the non-tumor colorectal tissues and
in the gland cells in the tumor tissues. We then associated
GMFG expression with clinicopathological parameters from
these patients and found that GMFG was associated with
lymph node metastasis (85.7 vs. 57.5% in non-metastatic cases;
Table I), but there was no statistically significant difference in
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Figure 3. Effects of GMFG knockdown on the regulation of colorectal LoVo cell migration and invasion. (A) Western blot analysis of GMFG expression in
LoVo cells after transfection with GMFG siRNA vs. negative control siRNA. (B) RT-qPCR analysis of the GMFG mRNA level in LoVo cells after transfection
with GMFG siRNA vs. negative control siRNA. (C) Tumor cell migration assay. LoVo cells were grown and transiently transfected with GMFG siRNA vs.
negative control siRNA, and then subjected to Transwell migration assay. The graph shows the summarized data. (D) Tumor cell invasion assay. LoVo cells
were grown and transiently transfected with GMFG siRNA vs. negative control siRNA and then subjected to Transwell migration assay. The graph shows
summarized data of the means + SD of n=3 experiments; “P<0.01 vs. the control cells.

GMFG expression associated with patient gender and age and
tumor differentiation (Table I).

Suppression of LoVo cell migration and invasion abilities after
knockdown of GMFG expression. We then assessed the effects
of GMFG knockdown in colorectal cancer cells using GMFG
siRNA. Our data showed that GMFG siRNA significantly
silenced GMFG expression in the LoVo cells (Fig. 3A and B).
We then performed the Transwell assay to assay the altered
ability of tumor cell migration and invasion, and found that
both tumor cell migration and invasion capacities were reduced
after knockdown of GMFG expression (Fig. 3C and D).

Induction of LoVo cell migration and invasion by exogenous
GMFG treatment. We further determined whether addition
of exogenous GMFG could affect LoVo cell migration. As
shown in Fig. 4A, the number of LoVo cells was increased
after addition of exogenous GMFG and the maximal GMFG
concentration was 20 ug/ml, although the level of LoVo cell

migration did not obviously increase as GMFG concentration
continued to rise.

Induction of LoVo cell migration after co-culture with
HUVECs. As discussed in the Introduction section, GMFG
can promote angiogenesis. We, thus, co-cultured LoVo cells
with human umbilical vein endothelial cells (HUVECs). Our
data showed that the migration capacity of the LoVo cells was
increased after being co-cultured with the HUVECs (Fig. 4B).
However, addition of the GMFG antibody into this co-culture
downregulated LoVo cell migration (Fig. 4C). Moreover,
knockdown of GMFG expression in HUVECs and then
co-culture with LoVo cells showed a decrease in LoVo cell
migration compared with the NC group (Fig. 4D). However,
we failed to detect GMFG levels in cell culture medium in our
cancer cell lines by using GMFG ELISA kit (data not shown).

Inhibition of MMP2 expression and reversal of EMT after
knockdown of GMFG expression in LoVo cells. Western blot
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Figure 4. Effects of different GMFG modulation on the regulation of LoVo cell migration as detected by Transwell migration assay. (A) LoVo cells were
grown and then treated with different concentrations of exogenous GMFG and then subjected to Transwell migration assay. a, 0 ug/ml; b, 5 ug/ml; ¢, 10 pg/ml;
d, 20 pug/ml; and e, 30 ug/ml. (B) LoVo cells were co-cultured with HUVECs and then subjected to Transwell migration assay. (C) LoVo cells were grown and
then treated with the anti-GMFG antibody (10 pl/well) and then subjected to Transwell migration assay. (D) LoVo cells were co-cultured with HUVECsS that
had first been transfected for 24 h with GMFG siRNA or negative control siRNA for 24 h and then subjected to Transwell migration assay. (E-H) Quantitative
data of A-D, respectively. All data are expressed as means = SD of n=3 experiments; "P<0.05 vs. the control cells.

analysis revealed that knockdown of GMFG expression down-
regulated expression of E-Cad and MMP2, but upregulated
the vimentin level in the LoVo cells (Fig. 5), indicating that
GMFG promoted tumor cell EMT while silencing of GMFG
reversed the EMT phenotype in the LoVo cells.

Discussion

In the present study, we first assessed GMFG expression in
colorectal cancer cell lines and tissue specimens, and then
explored the role of GMFG in the regulation of colorectal
cancer cell migration and invasion in vitro. We found that
GMFG protein was expressed in 14 different common human
cancer cell lines and the highest GMFG level was noted in

colorectal cancer LoVo cell line. Furthermore, we also found
that GMFG was highly expressed in colorectal cancer tissue
samples, particularly in patients with lymph node metastasis
(85.7 vs. 57.5% of non-metastatic patients). However, knock-
down of GMFG expression or anti-GMFG antibody reduced
the migration and invasion abilities of the LoVo cells, whereas
GMEFG treatment induced LoVo cell migration capacity, which
is consistent with a recent study reported by Zuo et al who
demonstrated that GMFG expression promoted migration and
invasion of epithelial ovarian cancer cells (14). In addition, our
current data also showed that knockdown of GMFG expres-
sion altered expression of tumor EMT-related proteins, such
as MMP2, E-cadherin and vimentin. Since GMFG protein
functions to reorganize the actin cytoskeleton and previous
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Figure 5. Effect of GMFG siRNA on expression of MMP2, E-cadherin (E-Cad) and vimentin in LoVo cells. LoVo cells were grown and then transiently
transfected with GMFG siRNA or negative control siRNA and then subjected to western blotting. The graph shows the summarized data of the western blot

analyses; “P<0.05.

studies have shown that GMFG induced the migration of
human T lymphocytes (16,19), our current data suggest that
GMFG-induced colorectal cancer cell migration and invasion
could be through GMFG-altered tumor cell EMT, although
future study is needed to confirm this.

Furthermore, the LoVo cell line was derived from a patient
with metastatic colon cancer and has a high ability to invade
and metastasize, while the SW480 cell line was established
from a patient with primary colon adenocarcinoma. The
present study showed that expression of GMFG protein was
higher in the LoVo cells than that in the SW480 cell line.
In tissue samples, we also found a similar phenomenon, i.e.,
GMFG protein was higher in tissues with metastatic colorectal
cancer. These results suggest that detection of GMFG protein
could be used as a biomarker for detection of colorectal cancer,
particularly, metastatic colorectal cancer.

Previous studies have confirmed that EMT is an important
early step in the conversion of tumor cells into a migratory
population capable of systemic tumor metastasis (30-32). At
the molecular level, EMT is associated with a gain in mesen-
chymal markers, including vimentin and N-cadherin but a loss
of adherent junction proteins, such as E-cadherin (33-36). In
the present study, we found that knockdown of GMFG expres-
sion upregulated E-cadherin expression but downregulated
vimentin and MMP2 expression in LoVo cells. To the best
of our knowledge, MMP?2 is a key protein in the process of
tumor cell migration and invasion (37-39). Our current finding
provides a more plausible explanation for highly expressed
GMFG protein in most colorectal cancer tissues. However, it
is true that we do not know the mechanism of how GMFG
mediated alteration of the expression of these proteins. This
mechanism could involve GMFG activation of cell receptors
or modulation of integrin expression or functions. Regardless,
the targeting of GMFG expression or function may be a novel
strategy by which to control colorectal cancer progression.

In addition, the present study for the first time confirmed
that exogenous GMFG treatment promoted colorectal cancer
cell migration and that co-culture of LoVo cells with HUVECs
also promoted tumor cell migration, whereas knockdown
of GMFG expression or anti-GMFG antibody decreased

colorectal cancer migration. We then assessed whether
HUVEC:s could secrete GMFG into the cell culture medium to
play its role in the promotion of colorectal cancer cell migra-
tion. However, we could not detect expression of GMFG in the
culture media, although we cannot exclude the role of secreted
GMFG in the regulation of colorectal cancer migration and
invasion, which may be due to the fact that ELISA was unable
to detect the low GMFG level in the growth media. Thus, we
will continue to investigate the underlying molecular mecha-
nism by which GMFG modulates colorectal cancer invasion
and metastasis.

In conclusion, the present study demonstrated that GMFG
expression is associated with colorectal cancer metastasis to
lymph nodes ex vivo and knockdown of GMFG expression or
the anti-GMFG antibody could reduce tumor cell migration
and invasion in vitro. Thus, GMFG should be further evalu-
ated as a diagnostic marker in the early detection of colorectal
cancer metastasis. The targeting of GMFG expression may
suppress colorectal cancer progression.
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