
 

 

Introduction 
 
The incidence of cutaneous malignant mela-
noma is increasing at a greater rate than that of 
any other cancer [1]. Since malignant mela-
noma is the most serious skin cancer, malig-
nant melanoma is a threat for human life. How-
ever, an effective therapy for malignant mela-
noma has not yet been fully established [2]. 
Therefore, identification of novel molecules as-
sociated with malignant melanoma formation is 
important for pathological analysis and therapy 
of malignant melanoma. We previously estab-
lished oncogenic RET (RFP-RET)-transgenic 
mice (RET-mice) of line 304/B6 that stepwisely 
develop cutaneous benign tumors and malig-
nant melanoma [3, 4]. Since both benign and 
malignant tumors often develop simultaneously 
in an individual RET-mouse, this transgenic 
mouse line could be a strong tool for DNA mi-

croarray analysis without a difference between 
individuals. 
 
Heterotrimeric G protein, which is composed of 
a Gα-subunit and a Gβγ-dimer, has been re-
ported to be involved in various biological activi-
ties [5]. Gγ2 (Gng2/GNG2) is one of the sub-
units of the Gβγ-dimer. A previous study showed 
that Gng2 alone is required for angiogenesis 
through Vegf signaling in zebrafish [6], suggest-
ing a potential correlation between Gng2 and 
tumorigenesis. To our knowledge, however, 
there is no information on the expression level 
of Gng2/GNG2 alone in any kind of tumor.  
 
In this study, we performed DNA microarray 
analysis in a benign melanocytic tumor and a 
malignant melanoma that developed in a RET-
mouse of line 304/B6. We then focused on 
Gng2 and analyzed its expression levels in    
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benign melanocytic tumors and malignant mela-
nomas in mice and humans. 
 
Materials and methods 
 
Mice 
 
Previously established RFP-RET-transgenic mice 
(RET-mice) of line 304/B6 [7-9] were used. The 
Animal Care and Use Committee (approval no. 
18001 and 2210038) and Recombination DNA 
Advisory Committee (approval no. 10-08) in 
Chubu University approved this study.  
 
Cell lines and culture conditions 
 
Normal human epithelial melanocytes (NHEM) 
were purchased from Cell Applications Inc. and 
were maintained in melanocyte growth medium 
containing hydrocortisone and growth supple-
ments. SK-Mel28, MNT-1 [10], G361, HM3KO 
[11], A375P and A475M human malignant 
melanoma cells were cultured in RPMI1640 
supplemented with 10% fetal bovine serum.  
 
Real-time PCR analysis 
 
Real-time PCR was performed by the method 
previously described [12]. Primer pairs for real-
time PCR were as follows: 5’- GAA GCC AAC ATC 
GAC AGG AT -3’ and 5’- GTT TTC TGA GGC TGG 
GAC TG -3’ for Gng2 and 5’- CTT TGC TGA CCT 
GCT GGA TT -3’ and 5’- TAT GTC CCC CGT TGA 
CTG AT -3’ for Hprt.  

Immunoblot and immunohistochemical analy-
ses 
 
Immunoblot analysis was performed by the 
method previously described [13]. Rabbit poly-
clonal antibodies against Gng2 (Proteintech 
Group) and mouse monoclonal antibodies 
against α-TUBULIN (Sigma) were used as first 
antibodies. Immunohistochemistry was per-
formed by the method previously described [14] 
with anti-Gng2 antibody (Proteintech Group). 
Densitometric evaluation was performed using 
the software program WinROOF (MITANI Corpo-
ration) as previously reported [15]. 
 
Statistical analysis 
 
Statistical analysis in this study was performed 
according to the method previously described 
[8]. Results from more than three independent 
samples (Figure 1A) and experiments (Figure 1B 
and Figure 2) 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. 
 
Results 
 
DNA microarray analysis of tumors from RET-
mice of line 304/B6. 
 
We first performed DNA microarray analysis of a 
benign melanocytic tumor and a malignant 

Figure 1. Decreased levels of Gng2 tran-
scription and protein expression in mur-
ine malignant melanomas. (A) Tran-
script expression levels of Gng2 (mean 
± SE) in benign melanocytic tumors 
(n=10) and malignant melanomas (n=5) 
from RET-mice of line 304/B6 evalu-
ated by real-time PCR are presented. 
RNA extraction from and RT-PCR for 
each tumor were independently per-
formed. (B) Protein expression levels of 
Gng2 in benign tumors (lanes 1-3) and 
malignant melanomas (lanes 4-6) from 
RET-mice of line 304/B6 evaluated by 
immunoblot analyses are presented. 
Amounts of α-Tubulin as an internal 
control are also shown. Intensities of 
bands are presented as percentages 
(mean ± SD; n=3) relative to the benign 
tumor (lane 1 in B). **Significantly dif-
ferent (p<0.01) from the benign tumors 
by Student's t-test. 
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melanoma that simultaneously developed in an 
individual RET-mouse to identify novel candidate 
molecules associated with malignant melanoma 
development and progression. Expression levels 
of CyclinD1, Melanoma cell adhesion molecule 
(MCAM), Matrix metalloproteinase 2 (MMP-2) 
and B-cell leukemia/lymphoma 2 (Bcl2) were 
increased in malignant melanomas from the 
RET-mice of line 304/B6, whereas expression 
levels of Transformation related protein 53 
(p53), Phosphatase and tensin homolog (PTEN) 
and MAD homolog 7 (Smad7) were decreased 
(Table 1). The increases and decreases in these 
molecules in benign melanocytic tumors versus 
malignant melanomas from RET-mice of line 
304/B6 correspond to previously reported in-
creases and decreases in malignant melanoma-
related molecules in humans [16-23]. There-
fore, we considered the results of our DNA mi-
croarray analysis using tumors from RET-mice of 
line 304/B6 to be reliable.  
 
Gng2 transcript expression level in the malig-
nant melanoma was less than 1/10 of that in 
the benign tumor in a RET-mouse of line 304/
B6 (Table 1). The difference in Gng2 expression 
level between the benign tumor and malignant 
melanoma was greatest among all of the G pro-
tein γ subunits examined in this study (Table 1). 
Expression levels of other subunits were also 
different in the malignant melanoma and be-
nign tumor. The expression levels of Gng4 and 
11 in the malignant melanoma were more than 
4-fold higher than those in the benign tumor 
(Table 1). Based on the results, we focused on 
the expression levels of Gng2 in malignant 

melanomas. 
 
Expression level of Gng2 in tumors from RET-
mice of line 304/B6. 
 
In addition to the results of DNA microarray 
analysis in tumors from an individual RET-
mouse of line 304/B6, we performed real-time 
PCR (Figure 1A), immunoblot analysis (Figure 
1B) and immunohistochemical analysis (Figure 
3) for multiple tumors from the mice to clarify 
the expression levels of Gng2 transcripts and 
proteins. Real-time PCR analysis of tumors from 
RET-mice of line 304/B6 revealed that Gng2 
transcript levels in malignant melanomas were 
less than 1/3 of those in benign tumors (Figure 
1A). Immunoblot and immunohistochemical 
analyses also showed that Gng2 protein expres-
sion levels in malignant melanomas were dra-
matically decreased compared with those in 
benign melanocytic tumors from RET-mice of 
line 304/B6 (Figure 1B and Figure 3). 
 
Expression levels of GNG2 protein in human 
malignant melanoma cell lines. 
 
Based on the results obtained for murine 
melanocytic tumors, we examined GNG2 protein 
expression levels in 5 human malignant mela-
noma cell lines (A375P, SK-Mel28, MNT-1, 
G361 and HM3KO) and in normal human 
epithelial melanocytes (NHEM) (Figure 2). GNG2 
protein expression levels in 4 of the 5 human 
malignant melanoma cell lines (SK-Mel28, MNT-
1, G361 and HM3KO) were undetectably low 
(lanes 3-6 in Figure 3). GNG2 protein expression 

Figure 2. GNG2 expression levels in human melanocytes and malignant melanoma cells. GNG2 protein expression 
levels in normal human epithelial melanocytes (NHEM, lane 1) and A375P (lane 2), SK-Mel28 (lane 3), MNT-1 (lane 
4), G361 (lane 5) and HM3KO (lane 6) malignant melanoma cells evaluated by immunoblot analysis are presented. 
Amounts of α-TUBULIN as an internal control are also shown. Intensities of bands are presented as percentages 
(mean ± SD; n=3) relative to NHEM (lane 1). * and ** Significantly different (* p< 0.05; ** p<0.01) by Student's t-
test. 



Reduced GNG2 expression levels in melanoma  

 
 
325                                                                                                            Am J Cancer Res 2012;2(3):322-329 

 Table 1. A list of gene expression levels in a benign tumor and a malignant melanoma developed in 
a RET-mouse. 
   Melanocytic tumors in a RET-mouse 

Gene  Expression values in 
Benign 

Expression values in 
Malignant 

Benign/Malignant 
Ratio 

CyclinD1  911.5  30871.8  33.869 

Melanoma cell adhesion molecule (MCAM)  441.6  6263.8  14.184 

Matrix metalloproteinase 2 (MMP-2)  394.3  4261.2  10.807 

B-cell leukemia/lymphoma 2 (Bcl2)  710.4  1801.1  2.535 

Transformation related protein 53 (p53)  523.9  209.8  0.400 

Phosphatase and tensin homolog (PTEN)  1424.5  292.8  0.206 

MAD homolog 7 (Smad7)  323.9  40.1  0.124 

G protein gamma 2 subunit (Gng2)  364.7  33.3  0.091 

G protein gamma 3 subunit (Gng3)  133.5  194.9  1.460 

G protein gamma 4 subunit (Gng4)  56.4  271.5  4.814 

G protein gamma 5 subunit (Gng5)  12429.9  15896.5  1.279 

G protein gamma 7 subunit (Gng7)  710.9  666.6  0.938 

G protein gamma 8 subunit (Gng8)  98.5  216.9  2.202 

G protein gamma 10 subunit (Gng10)  1399.2  736.3  0.526 

G protein gamma 11 subunit (Gng11)  2258.5  10041.7  4.446 

Six melanoma-related genes and nine G protein gamma subunit family genes are shown as a result of DNA microarray analysis. 

 

Figure 3. Immunohistochemical analysis of Gng2 protein expression in murine tumors. Results of immunohistochem-
istry for Gng2 protein in benign tumors (A-D) and malignant melanomas (E-H) from RET-mice of line 304/B6 are pre-
sented. Bottom panels are shown as higher magnification of top panels. Staining of Gng2 protein and the nucleus are 
presented as purple and green, respectively. 
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level in A375P cells was significantly lower than 
that in NHEM (lanes 1 and 2 in Figure 3). These 
results suggest that GNG2 expression is re-
duced in human melanoma cell lines compared 
with that in normal epithelial melanocytes. 
 
Discussion 
 
There has been no report showing levels of 
GNG2 alone in malignant melanomas in mice 
and humans. In this study, we first demon-
strated that the expression levels of Gng2 were 
reduced in malignant melanomas compared 
with those in benign melanocytic tumors from 
RET-mice of line 304/B6. We then showed that 
GNG2 expression levels were also reduced in all 
5 human melanoma cell lines compared with 
the level in NHEM. 
 
G proteins are heterotrimeric proteins consisting 
of α, β and γ subunits. At least 16 α genes, 5 β 
genes and 12 γ genes have so far been identi-
fied in the human genome [24-29]. These genes 
have been reported to be major transducers 
from extracellular signaling to intracellular sig-
naling associated with cell proliferation, differ-
entiation, invasion and angiogenesis [5]. Over-
expression of the Gβγ-dimer promotes cell prolif-
eration and invasion with activation of c-SRC, 
FAK and PI3 kinase/AKT molecules [5, 6, 30, 
31]. In contrast, reduction of the Gβγ-dimer has 
been reported to suppress cell invasion [32]. 
Thus, previous studies showed that Gβγ-dimers 
have cancer-promoting effects. On the other 
hand, a previous study showed that level of G 
protein γ 7 subunit (GNG7) expression was de-
creased in human esophageal cancer and cell 
lines [33]. Moreover, suppressed cell growth 
and tumorigenesis in vitro and in vivo with 
modulation of p27kip1 expression was observed 
in GNG7-overexpressed KYSE150 human eso-
phageal carcinoma cells without intrinsic ex-
pression of GNG7 [34]. Since both cancer-
promoting and -suppressing effects have been 
reported for Gβγ-dimers and G protein γ subunit 
alone, the biological significance of the reduced 
GNG2 expression level in malignant melanoma 
is unknown. Further study is needed to clarify 
the biological function of GNG2 for malignant 
melanoma. 
 
In summary, we found reduced expression lev-
els of Gng2/GNG2 in spontaneously developed 
murine malignant melanomas and human mela-
noma cell lines. Our results suggest that GNG2 

could be a novel biomarker for malignant mela-
noma. 
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