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GNG2 inhibits invasion of human malighant melanoma
cells with decreased FAK activity
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Abstract: It is well known that heterotrimeric G protein is composed of a Ga-subunit and a GBy-dimer and promotes
cancer characteristics. Our recent study showed reduced G protein y2 subunit (Gng2/GNG2) expression levels in
malignant melanoma cells compared with those in benign melanocytic cells in both mice and humans. Our recent
study also showed that reduced GNG2 alone augmented proliferation of malignant melanoma cells. To our knowl-
edge, however, there is no evidence showing an effect of Gng2/GNG2 alone on metastasis of any cancers including
malignant melanoma. In his study, we first prepared GNG2-overexpressed SK-Mel28 human malignant melanoma
cells, in which GNG2 protein expression level was undetectably low. Migration and invasion activities of the GNG2-
overexpressed malignant melanoma cells were suppressed up to 1/10th, with decreased activity of focal adhesion
kinase (FAK). We then found that the expression level of GNG2 in A375M, a highly metastatic cell line, was signifi-
cantly lower than that in A375P, the parental cell line of A375M. We finally showed that knockdown of GNG2 alone
in A375P cells enhanced migration and invasion with increased FAK activity. Taken together, our results suggest that
overexpression of GNG2 alone inhibits metastasis in human malignant melanoma cells with decreased FAK activ-
ity. Thus, GNG2 might be a candidate of molecular targets of prevention and therapy for metastasis of malignant
melanoma.
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Introduction

The incidence of malignant melanoma is
increasing by 3.1% per year and its incidence
rate doubled over a 10-year period [1].
Malignant melanoma is the most serious skin
cancer and is markedly resistant to convention-
al therapy [2-5]. Since malignant melanoma is
known as a representative of highly invasive
and metastatic cancers, control of metastasis
is an important task for therapy of malignant
melanoma.

Heterotrimeric G protein has been reported to
be involved in various biological activities
including cell proliferation, differentiation, inva-
sion and angiogenesis [6, 7]. G protein y2 sub-
unit (Gng2/GNG2) is one of subunits of the
GBy-dimer composing heterotrimeric G protein

with a Go-subunit. We previously showed that
Gng2 expression level in malignant melanoma
was lower than that in benign melanocytic
tumors in RET-transgenic mice (RET-mice), in
which benign tumors and malignant melano-
mas spontaneously develop [8-10]. Expression
levels of GNG2 in five human melanoma cell
lines were also reduced compared with the
level in normal human epithelial melanocytes
(NHEM) [11], suggesting that GNG2 could be a
novel biomarker for malignant melanoma [11].
Our previous study also showed that depleted
GNG2 in human malignant melanoma cells
enhanced proliferation of human malignant
melanoma cells [12]. However, there has been
no study showing direct evidence of the involve-
ment of GNG2 for cancer other than the above-
mentioned studies. In fact, the effect of Gng2/
GNG2 alone on metastasis of any cancers
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including malignant melanoma remains un-
known.

Previous studies showed that activities of inva-
sion and migration are correlated with activities
of metastasis [4, 13]. Therefore, in this study,
we examined the effect of GNG2 on migration/
invasion activities in both GNG2-overexpressed
and -depleted human malignant melanoma
cells.

Materials and methods
Cell lines and culture conditions

SK-Mel28, A375P and A475M human malig-
nant melanoma cells were cultured in
RPMI1640 supplemented with 10% fetal bovine
serum, 100 U/ml penicillin, and 100 U/ml
streptomycin. All cells were maintained at 37°C
in an atmosphere of 5% CO, and 95% relative
humidity. A375P and A375M cells were kindly
provided from Dorothy C Bennett (St. George’s,
University of London, UK). SK-Mel28 cells were
kindly provided from the Riken Bioresource
Center Cell Bank.

Expression vectors and establishment of
stable clones

Expression vector pIRES-puro3 (Invitrogen) was
used for construction of the GNG2 expression
vector. The human GNG2 coding region fused
with a FLAG sequence was inserted into the
EcoRl and BamHI sites. Empty and GNG2
expression vectors were transfected into
SK-Mel28 cells with Lipofectamine LTX
(Invitrogen) and stable cell clones were select-
ed with 1 pg/ml puromycin (Wako).

Wound healing assay

Cells were seeded on 6-well plastic dishes at a
density of 6 x 10° cells per well. The confluent
cells were scratched with a 200 ul disposable
pipette tip and allowed to migrate toward the
wound for 16 hours. Images were taken with an
Olympus inverted microscope coupled to a
CCD-SPOT digital camera (Olympus DP71).

Migration and invasion assay

A total of 1.5 x 10° cells were seeded on a non-
coated (for migration assay) or Matrigel (100
pug/ml, BD Bioscience)-coated (for invasion
assay) chamber (24 wells) with 300 pl of serum-
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free RPMI-1640 medium, and 900 ul of 10%
FBS-containing RPMI-1640 medium including
chemoattractants was added to the lower
chamber to induce invasion of cells. After 24
hours, the inner surface of the chamber was
gently scraped to leave only cells on the outer
layer. The remaining cells were subsequently
fixed with 10% formaldehyde and stained with
crystal violet, and the number of cells was
counted. The results of three independent
experiments were normalized and presented
as a migration or invasion index.

Immunoblot analysis

Immunoblot analysis was performed by the
method previously described [14]. Rabbit poly-
clonal antibodies against Gng2 (Proteintech
Group) and phosphorylated tyrosine 397 in FAK
(Invitrogen) and mouse monoclonal antibodies
against alpha-TUBULIN (SIGMA) and FAK
(Millipore) were used as first antibodies.
Densitometric evaluation was performed using
the software program WiIinROOF (MITANI
Corporation) as previously reported [15].

RNA interference

Small interfering RNA (siRNA)-mediated deple-
tion (knockdown) of GNG2 was performed with
21-nucleotide synthetic duplexes (Invitrogen).
Cells were transfected with GNG2 siRNA or a
21-nucleotide control RNA (Invitrogen) using
Lipofectamine RNAi MAX (Invitrogen) according
to the manufacturer’s protocol. After the cells
had been incubated for 48 hrs, they were used
for cell migration and invasion assays.

Statistical analysis

Statistical analysis in this study was performed
according to the method previously described
[8]. Results from more than three independent
experiments in each group were statistically
analyzed by Student’s t-test. We used the SPSS
(version 18) software package (SPSS Japan
Inc.) for these statistical analyses, and the sig-
nificance level was set at p<0.05.

Ethics statement

This study was performed in Chubu University,
Japan. The study was approved by Recom-
bination DNA Advisory Committee (approval no.
10-08) in Chubu University.
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Figure 1. GNG2 inhibits migration and invasion of SK-Mel28 cells. (A) Levels of GNG2 protein expression in stable
clones of SK-Mel28 cells with empty (Clones 1-3) or GNG2 expression (Clones 5, 6 and 13) vectors are presented.
Two stable clones (Clones 6 and 13) were used in subsequent experiments. (B) Wound healing assay was performed
with control (Clone 1) and GNG2-overexpressed (Clones 6 and 13) SK-Mel28 cells. Cultured cells were scratched
with a sterile pipette tip and evaluated after incubation for 16 hrs. (C, D) Cell migration (top panels in C; left panel
in D) and invasion (bottom panels in C; right panel in D) in vitro were examined by the Boyden chamber assay and
Matrigel invasion assay, respectively. Morphology (C) and index as percentages (D; mean + SE) of migrating and
invading cells after incubation for 16 hrs are shown. **, Significantly different (**, p<0.01) from the control (Clone
1) by Student’s t-test.
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Figure 2. FAK activities in GNG2-overexpressed SK-
Mel28 cells. Phosphorylation and/or protein expres-
sion levels of FAK are presented. Intensities of bands

are presented as percentages (mean + SD; n=3) rel- SK-Mel28 cells were suppressed to less than
ative to the control (Clone 1). *, Significantly different 1/3rd of those of control SK-Mel28 cells. The
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Figure 3. Expression levels of GNG2 protein in A375P and A375M human mel-
anoma cell lines. (A) Levels of GNG2 protein expression in A375P and A375M
cells. (B) Levels of GNG2 protein expression in control (siControl) and GNG2-
depleted (siGNG2 #1 and #2) A375P cells. Intensities of bands are presented
as percentages (mean = SD; n=3) relative to A375P (A) or siControl (B). * and
** Significantly different (*, p<0.05; **, p<0.01) by Student’s t-test.

studies on migration and invasion using two
other control cell clones (Clones 2 and 3) and
one GNG2-overexpressed cell clone (Clone 5)
(data not shown). These results suggest that a
high expression level of GNG2 inhibits migra-
tion and invasion of human malignant melano-
ma cells. G-protein-related tumor invasion is
associated with the activity of focal adhesion
kinase (FAK) [6, 7, 16, 17]. We thus examined
the activation status of FAK in GNG2-
overexpressed SK-Mel28 cells. Phosphorylated
FAK levels in GNG2-overexpressed cells were
significantly decreased compared with those in
control cells (Figure 2). Taken together, the
results suggest that overexpression of GNG2 in
malignant melanoma cells suppresses motility,
migration and invasion with inhibition of FAK
phosphorylation.

GNG2 depletion in A375P cells enhanced inva-
sion activity

Previous studies revealed that two sub-lines of
A375 represented the parental cell line (A375P)
and a highly metastatic sub-line (A375M)
derived by serial passage of the tumor through
tail vein injections and isolation of pulmonary
metastases [18]. To elucidate the relationship
between expression level of GNG2 and inva-
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expected, migration (top pan-
els of Figure 4A and left
graph of Figure 4B) and inva-
sion (bottom panels of Figure
4A and right graph of Figure
4B) activities were enhanced
in  GNG2-depleted A375P
cells. In accordance with the
cellular physiological results,
phosphorylation levels of FAK were significantly
increased in GNG2-depleted A375P cells
(Figure 4C). These results suggest that deple-
tion of GNG2 enhances the promotion of migra-
tion and invasion through FAK activation.

#2

Discussion

In this study, we first demonstrated that cell
migration and invasion were strongly inhibited
in stable GNG2-overexpressed SK-Mel28
human malignant melanoma cells with inhibi-
tion of FAK phosphorylation. We then demon-
strated that GNG2 expression level in the highly
invasive A375M human malignant melanoma
cell line was significantly lower than that in the
weakly invasive A375P cell line, which is a
parental cell line of A375M. We finally demon-
strated that migration and invasion of A375P
cells with GNG2 depletion by siRNA knockdown
were enhanced with increased FAK activity.

In previous studies, overexpression of the GBy-
dimer promoted invasion with activation of FAK
[7, 16], while reduction of the GBy-dimer sup-
pressed cell invasion [19]. However, our results
showed that overexpression of GNG2 alone in
SK-Mel28 human melanoma cells inhibited cell
motility, migration and invasion with decreased
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Figure 4. Effect of GNG2 depletion on characteristics of A375P cells. (A) Cell migration (top panels) and invasion
(bottom panels) of control (siControl) and GNG2-depleted (siGNG2 #1 and #2) A375P cells were examined by the
Boyden chamber assay and Matrigel invasion assay, respectively. (B) Indexes of cell migration and invasion after
incubation for 24 hrs are shown as percentages (mean + SD; n=3) relative to siControl. (C) Phosphorylation and/
or protein expression levels of FAK in control (siControl) and GNG2-depleted (siGNG2 #1 and #2) A375P cells are
presented. Intensities of bands are presented as percentages (mean + SD; n=3) relative to siControl. * and **,
Significantly different (*, p<0.05; **, p<0.01) by Student’s t-test.

FAK activity and that reduction of GNG2 alone
enhanced migration and invasion of A375M
human melanoma cells with increased FAK
activity. Previous studies showed that expres-
sion of human G protein gamma 7 subunit
(GNG7) was downregulated in esophageal can-
cer cells [20] and that loss of the expression of
GNG?7 alone increased the depth of tumor inva-
sion and aggressiveness [21]. Thus, modula-
tion of the expression level of G protein gamma
subunit alone such as GNG2 and GNG7 may
exhibit different biological functions compared
with that of GPy-dimer. However, it remains
unknown how GNG2 might function as a tumor
suppressor in malighant melanoma. For exam-
ple, dopamine receptor-interacting protein 78
(DRiP78), one of the modulators for GBy assem-
bly, interacts with the Gy subunit but not with
G and Ga subunits. DRiIP78 also competes
with the GR subunit to interact with the Gy sub-
unit and prevents degradation of Gy until provi-
sion of Gf3 [22]. Overexpression of GNG2 alone
may affect the function of regulators for GRy
such as DRiP78 and modulate normal GRy
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assembly, resulting in a suppressive effect on
malignant melanoma. In addition, depletion of
Gng2 alone in zebrafish development blocked
the normal angiogenic process by modulating
Vegf signaling [6], suggesting that the function
of GNG2 might be associated with angiogene-
sis to trigger invasion of malignant melanoma.
In any case, further investigation of the roles of
GNG2 alone in malignant melanoma cells is
needed.

In summary, this study showed that modulation
of GNG2 protein expression level affects the
invasion and migration activities of malignant
melanoma cells with modulation of FAK activi-
ty. Our results suggest that GNG2 could be a
new potential molecular target for prevention
and therapy of metastasis in malignant
melanoma.
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