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Abstract: Non-small-cell carcinoma (NSCLC) is one of the most lethal malignancies of lung cancers and its progno-
sis remains dismal due to the paucity of effective therapeutic targets. Recent reports show that Golgi membrane
protein 1 (GOLM1) is highly expressed in a variety of tumor cells, functions as a negative regulator of T cells and
then promotes tumor progression. However, its expression and role in NSCLC remain unclear. Herein, we showed
that GOLM1 was markedly up-regulated in NSCLC cell lines and clinical tissues. Clinically, NSCLC patients with high
expression of GOLM1 had shorter overall survival (OS) and high GOLM1 expression in tumor samples was signifi-
cantly related to malignant phenotype, such as lymph node metastasis and high tumor stage. Ectopic expression of
GOLM1 in NSCLC cells induced epithelial-to-mesenchymal transition (EMT) and promoted proliferation, migration,
and invasion of NSCLC cells in vitro. Furthermore, GOLM1 overexpressing significantly promoted the tumorigenicity
of NSCLC cells in vivo whereas silencing endogenous GOLM1 caused an opposite outcome. Moreover, we demon-
strated that GOLM1 enhanced NSCLC aggressiveness by activating matrix metalloproteinase-13 (MMP13) signal-
ing. Together, our results provided new evidence that GOLM1 overexpression promoted the progression of NSCLC

and might represent a novel therapeutic target for its treatment.
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Introduction

Non-small-cell carcinoma (NSCLC) is among
the most threatening malignancies with a high
incidence and metastasis rate [1]. The inve-
stigation of molecular mechanism of NSCLC
facilitates the development of the rational
design of corresponding targeted therapies.
Nowadays, the survival of patients with malig-
nant NSCLC has improved owing to the devel-
opment of advanced treatment options [2].
Unfortunately, tumor metastasis remains one
of the main causes of death among malignant
tumor patients. Metastasis is a major hallmark
of cancer and yet remains the most poorly
understood component of cancer pathogene-
sis [3]. It is a complex multistep process involv-
ing alterations in the dissemination, invasion,
survival, and growth of new cancer cell colo-
nies, which are regulated by a complex network
of intra- and inter-cellular signal transduction

cascades [4]. Previous studies regarding tumor
metastasis have primarily focused on the adhe-
sion and migration ability of cancer cells them-
selves. Recently, many therapeutic strategies
have been designed to target tumor cells.

GOLM1 (Golm 1, NM_016548) is a resident cis-
Golgi membrane protein of unknown function.
GOLM1 has a single N-terminal transmembrane
domain and an extensive C-terminal, coiled-coil
domain that faces the luminal surface of the
Golgi apparatus [5]. N-terminal cleavage by a
furin proprotein convertase resulted in the
release of the C-terminal ectomain and its
appearance in serum [6]. Golgi has been shown
to play an active role in cell migration through
posttranslational modification and prominent
changes in the Golgi apparatus, as evidenced
by the disruption of biochemical composition,
structure and functional levels observed in
human carcinogenesis and metastasis [7].


http://www.ajcr.us

GOLM1 promotes NSCLC metastasis

Consistently, another Golgi-associated protein,
GOLPH3 has recently been shown to act as an
oncogene by linking cancer to Golgi and DNA
damage signaling. The cleaved form of GOLM1
was detectable in the serum of patients with
hepatocellular cancer, a finding that may have
diagnostic value [8]. In addition, previous stud-
ies demonstrate that GOLM1 mRNA levels can
serve as significant predictors of prostate can-
cer [9]. In prostate cancer, GOLM1 acts as a
critical oncogene by promoting prostate cancer
cell proliferation, migration and invasion, and
inhibiting apoptosis, mainly through activating
PI3BK-AKT-mTOR signaling pathway [10].

Matrix metalloproteinases (MMPs) are mem-
bers of zinc-dependent endopeptidases impli-
cated in a variety of physiological and pathol-
ogical processes [11]. Over the decades, MMPs
have been studied for their role in cancer pro-
gression, migration, and metastasis. As a
result, accumulated evidence of MMPs incrimi-
nating role has made them an attractive thera-
peutic target [12]. Overexpression of MMP13
was observed in esophageal squamous cell
carcinoma (ESCC) clinical tissues, and the
expression of MMP13 promoted cancer cell
aggressiveness [13]. In addition, MMP13 was
overexpressed in nasopharyngeal cancer (NPC)
cells and exosomes purified from conditioned
medium (CM) as well as NPC patients’ plasma
and MMP13-containing exosomes in NPC pro-
gression which might offer unique insights for
potential therapeutic strategies for NPC pro-
gressions [14]. High level of MMP13 protein
expression is proved to be significant correla-
tion with lymph node metastasis and tumor
staging of oral squamous cell carcinoma
(OSCC). Multivariate Cox regression model
analysis revealed that high level of mMRNA and
protein expressions of MMP13 were significant-
ly associated with poor prognosis of OSCC [15].
Taken together, these observations indicate
that the MMP13 overexpression could be con-
sidered as a prognostic marker and potential
target of cancer.

Although GOLM1 is believed to positively cor-
relate to several tumor types, including hepato-
cellular carcinoma metastasis, the regulation
mechanism and function of GOLM1 in human
NSCLC is poorly understood. In this study, we
demonstrated that GOLM1 is over-expression
in NSCLC tissues and cell lines. Meanwhile, we

552

also confirmed that GOLM1 promotes NSCLC
metastasis directly by enhancing migration and
invasion. Collectively, our results suggest that
GOLM1 is a vital factor for NSCLC progression,
and provide GOLM1 as a potential target for
NSCLC treatment.

Materials and methods
Bioinformatics analysis

Gene expression datasets used for statistical
analysis were acquired from the National
Center for Biotechnology Information GEO data-
base with the accession codes GSE69732 and
GSE89039. The screening was performed in
GEO datasets which contained both the lung
tumor samples and the matched adjacent nor-
mal lung samples. The value of logFC (Tumor/
Normal) was calculated for each selected probe
and listed in the rank order. In protein-protein
interaction (PPI) network construction, STRING
10.0 software (http://string-db.org/) is a web-
based database for providing comprehensive
interactions information for the already known
or predicted proteins.

Tissue specimens and cell culture

A total of 37 primary NSCLC cases were ob-
tained between 2010 and 2016 from the First
Affiliated Hospital of Chongging Medical Uni-
versity (Chongging, China) and Inner Mongolia
People’s Hospital (Inner Mongolia, China). All
patients were treatment naive before surgery.
The morphology was confirmed by two patholo-
gists. This study was approved by Inner Mon-
golia People’s Hospital Research Ethics Com-
mittee and written informed consent was
obtained from each patient. The human NSCLC
cell lines H1975, A549, HCC827 and H1650
were purchased from the Shanghai Cancer
Institute. H1975, A549 and HCC827 cells were
cultured in RPMI-1640 medium and H1650
cells were grown in DMEM (Gibco BRL, Grand
Island, NY, USA). All media were supplemented
with 10% fetal bovine serum (FBS). Cells were
maintained at 37°C with 5% CO,,.

Establishment of GOLM1-knock down cell lines

GOLM1 expression construct was generated by
sub-cloning PCR-amplied full-length human
GOLM1 cDNA into the pMSCV retrovirus plas-
mid, and human GOLM21 shRNA lentiviral trans-
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duction particles were cloned into pSuper-
retro-puro to generate pSuper-retro-TRIM14-
shRNA(s). The shRNA sequences were: shRNA
#1: CCGGGTGAATAACATCACCACAGGTCTCGA-
GACCTGTGGTGATGTTATTCACTTTTTTG, shRNA
#2: CCGGGCAGGGAATGACAGAAACATACTCGA-
GTATGTTTCTGTCATTCCCTGCTTTTTTG, shRNA
#3: CCGGGAACAGTGTGAGGAGCGAATACTCGA-
GTATTCGCTCCTCACACTGTTCTTTTTTG (synthe-
sized by Sigma). siRNA of MMP13 were synthe-
sized by GenePharma Co. Ltd. (GenePharma,
Shanghai, China) and the targeted sequences
was: sense, 5-GGAGAUAUGAUGAUACUAACTAT-
3’; antisense, 5-UUAGUAUCAUCAUAUCUCCAT-
dT-3'. Scrambled siRNA (sc-37007; Santa Cruz
Biotechnology, Inc.) was used as a negative
control.

Cell proliferation assay

NSCLC cells were seeded on 96-well micro-
plates (1 x 10° cells per well) and cultured for
24 h, 48 h, 72 h, or 96 h respectively. 100 pl of
MTT reagent (Biotium, Fremont, CA, USA) were
added in each well and incubated at 37°C.
After 4 h, cell viability was revealed through the
conversion of the water-soluble MTT to insolu-
ble formazan. Formazan was solubilized adding
200 pl DMSO and its concentration was mea-
sured by optical density at 450 nm.

Colony formation assay

NSCLC cells were placed into 6-well plates
(1000 cells/well), incubated at 37°C for four
weeks, fixed and stained with crystal violet. The
mean * SD number of colonies was counted
under a microscope from three independent
replicates [16].

Wound-healing assay

NSCLC cells were transfected with GOLM1-
specific shRNA or a scrambled shRNA. Cells
were seeded in 6-well cell culture plates and
after 24 h, the cell monolayer was scratched
through the central axis of the plate. Migration
of the cells into the scratch was digitally docu-
mented O h and 24 h after being made, and
percentage of migratory was calculated [17].

Transwell invasion assay

3 x 10* cells in RPMI-1640 medium with 2%
FBS were seeded into the upper chamber of
Matrigel-coated Transwells, which containing 8
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pm pores (Corning Costar). Media with 10%
FBS were added to the lower chamber. After 24
h, cells were fixed in 4% paraformaldehyde and
stained with 0.1% crystal violet. The number of
invaded cells was quantified in five randomly
fields [18].

Immunofluorescence

Cells were seeded on glass coverslips, fixed
with 4% paraformaldehyde and incubated
with primary antibodies against E-cadherin,
N-cadherin and Vimentin (CST) overnight at
4°C, followed by Alexa Fluor-594 or -488- con-
jugated secondary antibodies (Proteintech,
Chicago, IL, USA).

Quantitative real-time PCR (qRT-PCR)

Trizol reagents (Invitrogen) were applied for
total RNA extraction. The mRNA levels of target
genes were determined by ReverTra Ace qPCR
RT kit and SYBR Green PCR kit (TakaraBio,
Tokyo, Japan). qRT-PCR was performed using
IQTM SYBR Green supermix and the iQ5 real-
time detection system (Bio-Rad Laboratories,
Hercules, CA). The comparative cycle threshold
(Ct) method was applied to quantify the expres-
sion levels through calculating the 2(22°t) meth-
od. The primers used for PCR were as follows
(sense and antisense, respectively): GAPDH:
TGGATTTGGACGCATTGGTC and t TTTGCACTG-
GTACGTGTTGAT; GOLM1: TGGCCTGCATCATCGT-
CTTG and CCCTGGAACTCGTTCTTCTTCA. cDNAs
amplification and relative expression values
were obtained from three independent experi-
ments. GAPDH was used as an endogenous
control for mRNA.

Western blot analysis

Whole-cell lysates were prepared with RIPA buf-
fer containing protease and phosphatase inhib-
itors. 30 ug cell lysates were loaded on 8%
SDS-PAGE and transferred onto PVDF mem-
branes. After membranes were blocked, they
were incubated with monoclonal antibody
against GOLM1 (1:1000, Signalway Antibody),
GPADH (1:1000, Bioworld Technology) followed
by incubation with horseradish peroxidase-
conjugated 1gGs (1:10000, Bioworld Biotech-
nology). Target proteins were detected by the
ECL system (Millipore, Braunschweig, Germany)
and visualized with the ChemiDoc XRS system
(Bio-Rad, Hercules, CA, USA).
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Figure 1. High expression of GOLM1 in tumor tissues of NSCLC patients. A. Expression profiling of dys-regulated
mRNAs in NSCLC cancer tissues compared to normal tissues (NCBI/GEO/GSE69732 and NCBI/GEO/GSE89039).
B. Summary of the common genes in GSE69732 and GSE89039 (lower panel). C. Kaplan-Meier analysis of overall
survival in lung cancer patients was from Kaplan-Meier plotter (http://kmplot.com/analysis), N = 468, P < 0.01, HR
=1.6 (1.24-2.05). D. The expression of GOLM1 mRNA in primary NSCLC tissues vs. normal tissues in Oncomine da-
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tabase (Hou J Lung dataset). E. qRT-PCR showed that the expression of GOLM1 mRNA in tumor tissues was higher
than that in correspondingly peritumoral tissues. F. High-level expression of GOLM1 was associated with lymph node
metastasis of NSCLC (left panel) and TNM classification of NSCLC (right panel). G. Representative image showed the
expression of GOLM1 protein in tumor samples and peritumoral tissues from NSCLC patients by IHC staining. Scale
bar represents 100 um. H. Kaplan-Meier survival test was used to test the relationship between GOLM1 expression
and overall survival of NSCLC patients. **P < 0.01 as compared with normal.

Tumor xenografts

Male athymic nude mice were purchased from
Weitonglihua Biotechnology (Beijing, China)
and maintained in a specific pathogen-free
environment. The experimental protocol was
approved by the First Affiliated Hospital of
Chongqing Medical University Animal Care
Committee and all procedures were performed
in compliance with the institutional guidelines.
1 x 1068 cells (n = 6/group) in 100 ul PBS were
inoculated subcutaneously into the nude mice.
Tumor size was measured by Vernier calipers
and the tumor volume was calculated with the
formula: length x (width)? x 1/2. The mice were
observed over 6 weeks for tumor formation
[19]. For experimental metastasis analysis, the
mice were injected at the lateral tail vein with (5
x 10°%) indicated NSCLC cells. Mice were sacri-
ficed 4 weeks after inoculation and all organs
were examined for the presence of macroscop-
ic metastases. Lung metastatic nodules were
determined under a dissecting microscope.
Furthermore, the lung metastases were con-
firmed by hematoxylin and eosin staining.
Animal handling and experimental procedures
were approved by the First Affiliated Hospital of
Chongqing Medical University Animal Care
Committee.

Statistical analysis

All the analyses were completed by Graphpad
prism 5 software, with P < 0.05 being consid-
ered statistically significant. The two tailed
unpaired t-test was used to evaluate statistical
significance between the mean values of the
two groups.

Results
GOLM1 was highly expressed in NSCLC

Gene expression datasets used for statistical
analysis were acquired from the GEO database
with the accession codes GSE69732 and
GSE89039. The screening was performed in
GEO datasets which contained both the lung
tumor samples and the matched adjacent nor-
mal lung samples (Figure 1A). The 11 common
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potential over-expression genes in lung cancer
were screened out based on the logFC were
summarized in Figure 1B (Fold change > 1 and
P < 0.05). Among these candidates, we focus
on GOLMZ1, which was previous proved closely
associated with several cancer metastases. To
explore the correlation of GOLM1 with lung can-
cer prognosis, the relation was analyzed by the
Kaplan-Meier plotter (http://kmplot.com/analy-
sis) and the data suggested that GOLM1 was
associated with poor prognosis of lung cancer
patients (Figure 1C). Further Oncomine analy-
sis (Hou J Lung dataset) [20] showed that the
expression of GOLM1 was higher in tumor tis-
sue (including lung adenocarcinoma, squa-
mous cell Lung carcinoma, large cell lung carci-
noma) than in normal tissue (Figure 1D and
Supplementary Table 1) (P < 0.01). In addition,
we detected the GOLM1 expression in tumor
tissues and their corresponding adjacent non-
tumor tissues from 37 NSCLC patients by quan-
titative real-time PCR (qRT-PCR). As shown in
Figure 1E, the GOLM1 expression in tumor tis-
sues was much higher than that in adjacent
non-tumor tissues (P < 0.01). Furthermore,
GOLM1 expression was significantly positively
associated with metastasis and stages of the
patients (Supplementary Table 2 and Figure 1F,
P < 0.01). We further used immunohistochem-
istry (IHC) to investigate the expression and
location of GOLM1 in tumor samples from 37
NSCLC patients. The results showed that posi-
tive staining for GOLM1 protein was evidently
stronger in lung cancer tissues that in corre-
sponding adjacent non-tumor tissues (Figure
1G). Finally, Kaplan-Meier analysis indicated
that patients with higher GOLM1 expression
showed poor overall survival in patient with
NSCLC (Figure 1H). Altogether, these data sug-
gest that the expression of GOLM1 was
increased in NSCLC and its down-regulation is
associated with poor prognosis.

High expression of GOLM1 promoted metasta-
sis and invasion of NSCLC cells in vitro

In order to investigate the role of GOLM1 in
NSCLC, we first examined the expression of
GOLM1 in four NSCLC cell lines by western blot-
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Figure 2. Role of GOLM1 expression in the invasion and metastasis of NSCLC cells in vitro. A. The expression of GOLM1 in four NSCLC cell lines was determined
by western blotting (left panel) and qRT-PCR assay (right panel). B. Western blotting and gRT-PCR were performed to assay the interference efficiency of three se-
quence of GOLM1 shRNA in H1975 and A549 cells. The sequence 1 and 3 GOLM1 shRNA was validated as high interference efficiency. C. H1975 and A549 cells
transfected with shGOLM1 and was subjected to MTT (left panel) and colony formation (right panel) assays. D. Migration capacity of GOLM1 in H1975 and A549
cells was examined by wound healing assay. E. H1975 and A549 cells transfected with shGOLM1 and invasion ability of cells was determined by Transwell invasion
assay. F. Western blotting and qRT-PCR showed up-regulated expression of GOLM1 in HCC827 and H1650 cells transfected with GOLM1 cDNA. G. Wound healing
(left panel) and Transwell invasion assay (right panel) showed the enhanced mobility and invasion of HCC827 and H1650 cells transfected with GOLM1 cDNA. H.
GOLM1 over-expressing HCC827 and H1650 cells were subjected to proliferation assay and colony formation analysis.
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ting and gRT-PCR assays, and found that
NSCLC cell line H1975 and A549 had higher
expression of GOLM1 compared with HCC827
and H1650 cells (Figure 2A). Then, we chose
H1975 and A549 cells with high expression
of GOLM1, to construct stably knockdown
expression of GOLM1 cells by short hairpin
RNA (shRNA). shRNA # 1 and shRNA # 3 target
sequence with highly interfered efficiency
were chosen for function study, which verified
by western blot analysis (Figure 2B). GOLM1
knocked-down slightly reduced cell prolifera-
tion and generated a decrease in the number of
colony formation (Figure 2C). Transwell assay
showed the impaired invasion of H1975 and
A549 cells after GOLM1 interference (Figure
2D). Wound-healing assay also showed that
knockdown of GOLM1 in H1975 and A549 cells
dramatically inhibited the ability of migration
(Figure 2E). After successful transfection with
GOLM1-cDNA in NSCLC cell line HCC827 and
H1650 with low level of GOLM1 (Figure 2F),
the elevated GOLM1 expression significantly
enhanced the ability of motility and invasion of
both HCC827 and H1650 cells (Figure 2G). We
also investigated the role of GOLM1 in cell pro-
liferation and found that over-expression of
GOLM1 in NSCLC cells resulted in the increased
proliferation rate and colony formation (Figure
2H). These data revealed that high expression
of GOLM1 promoted proliferation, invasion, and
migration of NSCLC cells in vitro.

High expression of GOLM1 promoted tumor
growth and progression of NSCLC cells in vivo

Next we constructed a subcutaneous xenograft
model using H1975-GOLM1 shRNA cells and
their controls. Four weeks after inoculation, all
mice successfully formed palpable tumors.
Tumor growth curve showed that tumors
derived from H1975-control cells grew faster
than those in H1975 shGOLM1 cells (Figure
3A). After inoculation for 6 weeks, the mice
were Killed. Tumor volume of H1975 shGOLM1
cells was 411+99 mm?3, which was signifi-
cantly less than that derived from and control-
derived xenografts (892.15+127 mm3, P <
0.01, Figure 3B). Moreover, the Ki67 percent-
age score of tumor cells in shGOLM1 group was
relatively decreased compared with that in con-
trol group (Figure 3C). Then, we investigated
the lung metastasis rate using serial section
and found that the pulmonary metastasis rate
was 50% (3/6) in the H1975-control group and
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16% (1/6) in H1975 shGOLM1 group (P < 0.05)
(Figure 3D). Furthermore, the number of lung
metastasis nodules declined significantly in
tumor xenografts with GOLM1 knocked-down
(Figure 3E). It is well documented that epitheli-
al-mesenchymal transition (EMT) enables can-
cer cells with invasive and metastatic proper-
ties and plays critical roles in tumor progres-
sion. Here, we showed that GOLM1 knocked-
down increased epithelial marker expression
(E-cadherin) (Figure 3F), but suppressed mes-
enchymal markers levels (N-cadherin and
Vimentin) in H1975 and HCC827 cells (Figure
3G). Conversely, GOLM1 overexpression dis-
played the opposite effect in NSCLC H1975
cells (Figure 3H-J). Collectively, these results
indicate that GOLM1 could significantly pro-
mote tumor growth and tumor progression of
NSCLC cells in vivo.

Identification of MMP13 as a target gene of
GOLM1 in NSCLC

To better understand the molecular mecha-
nism of GOLM1 in cancer metastasis, we
mapped GOLM1 onto STRING database to build
a PPI network. By using the ‘+ more proteins’
option, additional 17 predicted functional part-
ners were allowed into the network. As shown
in Figure 4A, MMP13 acted as a bridge to
connect GOLM1. Functional enrichments of
the PPI network by STRING software, using and
biological process GO analysis, revealed that
GOLM1 was involved in cell migration and
regulation of epithelial cell proliferation (Figure
4B). Oncomine analysis of neoplastic vs. nor-
mal tissue showed that MMP13 was signifi-
cantly over-expressed in different types of lung
cancer in different datasets (Figure 4C and
Supplementary Table 3). To investigate the bio-
logical functions of MMP13 in NSCLC cells,
endogenous MMP13 was knocked-down in
H1975 cells with a specific siRNA against
MMP13 (siMMP13) (Figure 4D). MMP13
Knocked-down in H1975 cells inhibited cell
growth and colony formation in vitro (Figure
4E). Consistently, the mobility and invasion
was significantly suppressed by siMMP13 and
(Figure 4F, 4G). To investigate the role of
MMP13 in metastasis of NSCLC cells, the ex-
perimental metastasis assay was conducted.
MMP13 knocked-down or control cells were
injected into nude mice via the lateral tail vein.
Four weeks post inoculation, injection of paren-
tal cells resulted in the formation of numerous
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Figure 3. High expression of GOLM1 promoted tumor progression of NSCLC cells in vivo. A. Representative images of tumor-bearing mice. B. Growth curve showed
that tumor derived from parental cells grew faster than that of H1975-shGOLM1 group (n = 6). C. The expression of Ki67 was evaluated by IHC staining utilizing Ki67
percentage score. Data were expressed as Mean * SD. The results were representative of three independent experiments. D. Summary of the total numbers of in-
travenous tumor xenografts with distant lung metastasis after injection of parental or H1975-shGOLM1 cells. E. Quantification of effects of GOLM1 down-expression
on experimental metastasis in vivo. The tumor lesions confirmed by H&E staining from five sections were counted as the number of metastatic foci inside the lung
tissues. F. Immunofluorescence staining images of E-cadherin were shown in H1975 and HCC827 cells transfected with shGOLM1. The cells were fixed and stained
with indicated antibodies, and then detected by anti-rabbit-Alexa-488 (green). Cell nuclei were visualized by DAPI staining. G. Immunofluorescence staining images
of N-cadherin and Vimentin were shown in H1975 and HCC827 cells transfected with shGOLM1. Indicated cells were fixed and stained with indicated antibodies,
and then detected by anti-rabbit-Alexa-594 (red) or-488 (green). Cell nuclei were visualized by DAPI staining. H. Summary of the total numbers of intravenous tumor
xenografts with distant lung metastasis at 28 days after injection of parental or GOLM1 over-expressing H1975 cells. |. Quantification of effects of GOLM1 over-
expression on H1975 cells experimental metastasis in vivo. J. Immunofluorescence staining images of E-cadherin, N-cadherin and Vimentin were shown in H1975
cells transfected with GOLM1. Cells were fixed and stained with indicated antibodies, and then detected by anti-rabbit-Alexa-488 (green). Cell nuclei were visualized
by DAPI staining.
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Figure 5. MMP13 knocked-down reversed the effects of GOLM1 in NSCLC.
A. H1975 and HCC827 cells were transfected with GOLM1 or co-transfected
with siMMP13 and GOLM1. The expression of MMP13 was determined by
gRT-PCR analysis. B. Both H1975 and HCC8271 cells were transfected with
GOLM1, or co-transfected with siMMP13 and GOLM1, and then were seeded
into 96 well plates. After 24 h, 48 h, 72 h and 96 h, the MTT assay was
performed to analysis cell proliferation. C. Colony formation assays of H1975
and HCC827 cells. Representative images for each treatment were shown.
D. H1975 and HCC827 cells co-transfected with siMMP13 and GOLM1 were
subjected to wound closure assay. The percentage of wound closure was
quantified (right panel). Scale bar: 200 ym. E. Transwell invasion assay was
performed after transfection of H1975 and HCC827 cells with siMMP13
and GOLM1. The invaded cells were stained with crystal violet and counted.
Scale bar: 200 ym. "P < 0.01, "P < 0.01 as compared to control and #P <
0.01 as compared to GOLM1.

metastasis loci whereas sil-
encing of MMP13 markedly
inhibited pulmonary metasta-
sis (Figure 4H). These results
implied that MMP13 silencing
indeed perturbed the growth
and metastasis of NSCLC cells
and has a similar effect with
down-expressed GOLM1.

Knock-down of MMP13 re-
verses the effects of GOLM1
in NSCCL cells

We next explored whether
MMP13 knocked-down could
reverse the effects of GOLM1
over-expression on H1975
and HCC827 cell proliferation,
migration and invasion. H19-
75 and HCC827 cells were co-
transfected with GOLM1 and/
or MMP13 siRNA (siMMP13).
The levels of MMP13 in two
cell lines were verified on
MRNA level (Figure 5A). Then,
MTT and colony formation
assays were conducted to
determine whether siMMP13
reversed the acceleration
effects of GOLM1 on H1975
and HCC827 cell growth in
vivo. As shown in Figure 5B
and 5C, knocked-down of
MMP13 reversed all the
effects of GOLM1 over-expres-
sion on cell proliferation and
colonies formation. Consist-
ently, cells transfected with
siMMP13 inhibited the mobili-
ty and invasion in the pres-
ence GOLM1 (Figure 5D and
5E). These results suggested
that GOLM1 influenced the
growth and aggressiveness of
H1975 and HCC827 cells by
targeting MMP13.

Overexpression of MMP13
rescues the effects of GOLM1
down-regulation in NSCLC

To investigate the functional
relevance of MMP13 target-
ing by GOLM1, we assessed
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Figure 6. Up-regulation of MMP13 rescues the effects of GOLM1 down-
expression in NSCLC. A. H1975 and HCC827 cells were transfected with
shGOLM1, or co-transfected with MMP13 over-expression plasmid and
shGOLM1. MMP13 expression on mRNA levels by qRT-PCR assay. B. Cells
were transfected with shGOLM1 alone, or co-transfected with MMP13 and
shGOLM1, and then were seeded into 96 well plates. After 24 h, 48 h, 72 h
and 96 h, the MTT assay was performed to analysis cell proliferation. C. Col-
ony formation assays of H1975 and HCC827 cells. Representative images
for each treatment were shown. D. H1975 and HCC827 cells co-transfect-
ed with MMP13 over-expression plasmid and shGOLM1 were subjected to
wound healing assay and images were taken at O and 24 h (left panel). The
percentage of wound closure was quantified (right panel). E. Transwell inva-
sion assay was performed after transfection of H1975 and HCC827 cells
with MMP13 plasmid and shGOLM1. The invaded cells were stained with
crystal violet and counted. "P < 0.05, **P < 0.01 as compared to control, P
< 0.05, #P < 0.01 as compared to shGOLM1 group.

whether MMP13 over-expres-
sion could rescue the inhibi-
tory effects of shGOLM1 on
H1975 and HCC827 cell prolif-
eration, migration and inva-
sion. H1975 and HCC827 ce-
lls were co-transfected with
shGOLM1 and MMP13 overex-
pression plasmids. gRT-PCR
analysis was used to validate
the MMP13 mRNA in the res-
cue experiment (Figure 6A).
The MTT analysis suggested
that the exogenous expressi-
on of MMP13 rescued the
inhibitory effect of shGOLM1
on cell proliferation in vitro
(Figure 6B). To elucidate the
functions of GOLM1/MMP13,
we conducted colony forma-
tion assay. As shown in Figure
6C, shGOLM1 significantly in-
hibited colony formation in
H1975 and HCC827 cells
whereas MMP13 rescued the
colony formation in NSCLC
cells. After co-transfected wi-
th shGOLM1 and MMP13
overexpression plasmid, both
H1975 and HCC827 cells
were subjected to wound heal-
ing and Transwell invasion
assay. As shown in Figure 6D,
6E, the mobility and invasion
capacity inhibited by shGOLM1
was remarkably rescued by
the overexpression of MMP13.

Discussion

Non-small-cell carcinoma (NS-
CLC) metastasis is the main
cause of NSCLC-related mor-
tality. However, its mechanism
remains poorly understood. In
an attempt to identify genes
that are specific for NSCLC
metastasis, we recently con-
ducted a genome-wide profil-
ing analysis by comparing pri-
mary tumors to normal. We
have characterized one of the
common genes in the NSC-
LC metastasis signature, i.e.,

562 Am J Cancer Res 2018;8(3):551-565



GOLM1 promotes NSCLC metastasis

GOLM1, for further functional studies. In the
present study, we show that GOLM1 encodes
a Golgi associated protein whose function is
critical for NSCLC metastasis. Mechanistically,
GOLMZ1 may promote NSCLC metastasis thro-
ugh its regulation of MMP13. Our study indi-
cates that GOLM1 may serve as an effective
molecular target to block NSCLC metastasis.
Increasing evidences have suggested that
GOLML1 is overexpressed or amplified in hepa-
tocellular carcinoma, prostate cancer, glioma
and esophageal adenocarcinoma [21, 22].

In the present study, our data showed that
GOLM1 expression was overexpressed in
NSCLC tissues. Abundant evidences based on
wound-healing assay and Transwell assay have
shown that Inhibition of GOLM1 expression
impaired invasion and proliferation of NSCLC
cells. Importantly, inhibition of GOLM1 expres-
sion in NSCLC cells markedly impaired tumor
growth and lung metastasis in vivo. It is well
known that malignant tumor cells usually
undergo the EMT process to gain the invasive
and metastatic properties [23]. Our data
showed that NSCLC cells with high expression
of GOLM1 presented with high ability of metas-
tasis and invasion. Moreover, in vitro experi-
ment showed that elevated expression of
GOLM1 in NSCLC cells could up-regulate the
expression of mesenchymal marker N-cadherin,
and down-regulated the expression of epithelial
marker E-cadherin. Thus, our results definitely
suggest that the high level of GOLM1 in NSCLC
cells promote tumor progression through EMT
of tumor cells. Clinically, high expression of
GOLM1 in tumor tissues positively correlated to
malignant phenotype and the poor prognosis of
NSCLC patients.

However, the mechanisms of GOLM1 in direct
metastasis capability needs to be further ex-
plored, in consideration of the migration capa-
bility is concerned with MMPs such as MMP13.
Moreover, because of the significant role of
MMPs in metastasis, some clinical drugs, such
as Batimastat [24] and Marimastat [25], may
have novel therapeutic effects for malignant
tumor patients. The MMPs family proteins
includes more than 20 members, which have
been reported to be fundamentally involved in
many biological processes, such as cell prolif-
eration, apoptosis, angiogenesis, and invasion.
For example, MMP-9 has been reported to be
up-regulated in multiple tumor tissues and its
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overexpression can promote cancer develop-
ment and progression. Additionally, MMP-2 was
also significantly up-regulated in human pros-
tate cancers and found to play an important
role in prostate cancer progression. Herein, we
found that MMP13 was up-regulated in NSCLC
and that MMP13 overexpression promoted
NSCLC aggressiveness both in vitro and in vivo,
which is in agreement with oncogenic-effect of
MMPs family members. Interestingly, we found
that a high level of MMP13 was positively cor-
rected with the level of GOLM1in NSCLC.

Recently, several studies reported that GOLM1
had an oncogenic role in multiple tumor types
and high level of GOLM1 could serve as a bio-
marker for predicting poor prognosis of cancer
patients [26]. In the present study, our results
also showed that NSCLC patients with high
expression of GOLM1 in tumor tissues had poor
prognosis. Moreover, high expression of GOLM1
was significantly related to malignant pheno-
type, such as metastasis, high TNM stage, and
poor prognosis. Overexpression of GOLM1 aug-
mented NSCLC aggressiveness in vitro and in
vivo and activated the MMP13. Therefore,
understanding the biological function of GOLM1
in NSCLC progression both advance our knowl-
edge of the mechanisms that underlie NSCLC
aggressiveness, and establish GOLM1 as a
potential therapeutic target for the treatment
of NSCLC.
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Supplementary Table 1. Changes in GOLM1 gene expression in lung
cancer

Lung cancer P-Value Fold Change Dataset #Samples Ref
Squamous Cell Carcinoma  1.52E-5 1.784 Hou 27 [1]
Large Cell Carcinoma 1.76E-4 2.321 Hou 19 [1]
Adenocarcinoma 1.45E-8 6.075 Su 27 [2]

1.05E-21 3.516 Stearman 58 [3]
3.93E-18 4,698 Okayama 226 4]
1.34E-26 3.562 Landi 58 [5]

Supplementary Table 2. GOLM1 expression and clinico-
pathological features in non-small cell lung cancer (NSCLC)

patients
GOLM1 expression
Variables N High Low
expression  expression p value

Gender

Male 25 11 (44%) 14 (56%)

Female 12 6 (50%) 6 (50%) 0.857
Age (years)

>55 27 19 (70%) 8 (30%)

<55 10 6 (60%) 4 (40%) 0.481
Smoking history

Yes 29 19 (65%) 10 (35%) 0.308

No 8 6 (75%) 2 (25%) 0.296
Pathological type

Adenocarcinoma 21 13 (62%) 8 (38%)

Squamous carcinoma 16 11 (69%) 5 (31%) 0.701
Tumor size (cm)

>3 20 12 (60%) 8 (40%)

<3 17 10 (58%) 7 (42%) 0.681
Lymphatic metastasis

Yes 28 21 (75%) 7 (25%)

No 9 5 (55%) 4 (45%) 0.002

TNM classification
| 18 12 (66%) 6 (34%)
Il 8 5 (62%) 3 (38%)
I+ 1v 11 7 (64%) 4 (36%) 0.013
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Supplementary Table 3. Changes in MMP13 gene expression in lung cancer

Lung cancer P-Value  Fold Change Dataset #Samples Ref
Squamous Cell Carcinoma 0.049 1.892 Garber 13 [6]
1.97E-4 1.800 Talbot 26 [7]

9.47E-5 3.681 Hou 27 [1]

Adenocarcinoma 5.79E-7 7.103 Su 27 2]
1.03E-5 6.601 Stearman 20 [3]

3.75E-13 16.995 Okayama 226 [4]

0.010 2.993 Beer 86 [8]

3.70E-6 1.275 Selamat 58 9]
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