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Cyclin G2 is an unconventional cyclin which might have a potential negative role in carcinogenesis. In 
this study, the effect of cyclin G2 overexpression on gastric cell proliferation and expression levels of 
cyclin G2 in normal gastric cells and gastric cancer cells were investigated. Moreover, mutation 
analysis was performed in tissues from 57 gastric cancer patients. Our data demonstrate that ectopic 
expression of cyclin G2 inhibited the proliferation of gastric cells and the expression of cyclin G2 were 
significantly decreased in gastric cancer cells compared with normal cells. No mutations were found 
but four synonymous SNPs were detected in gastric cancer tissues, suggesting that mutations of cyclin 
G2 might not be the main reason for gastric carcinogenesis.  
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INTRODUCTION 
 
Gastric cancer is one of the most common malignant 
tumors in the world. With a high death rate, it ranks as 
the second most common cause of cancer death 
worldwide. Hence, elucidating the mechanisms of gastric 
carcinogenesis is urgent for its prevention and treatment. 
Like other types of cancer, multiple oncogenes and tumor 
suppressor genes are involved in the development of 
gastric cancer as the results of genetic and/or epigenetic 
alterations (Wu et al., 2010).  

Cyclins are critical regulators of the cell cycle. Highly 
conserved and characterized by a dramatic periodicity in 
protein abundance through the cell cycle, cyclins activate 
specific cyclin-dependent kinases (CDKs) to promote cell 
cycle progression (Liu et al., 2011; Hydbring and Larsson, 
2010; Lang and Calegari, 2010). Based on their structural 
similarity and functional period during cell cycle, cyclins 
have been identified into  different groups. Till  now,  more 
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than 10 groups have been identified. 
As a member of cyclin G family identified in 1996,  

cyclin G2 gene is located on 4q21.22 and encodes a 126- 
amino acid protein with the molecular weight of 39 kDa 
(Jensen et al., 1999). Cyclin G2 is highly expressed in 
cerebellum, thymus, spleen, prostate, kidney and the 
immune system (Horne et al., 1996, 1997). In contrast to 
the conventional cyclins, cyclin G2 is suggested to be a 
negative regulator of the cell cycle (Bennin et al., 2002; 
Horne et al., 1997). Overexpression of cyclin G2 is 
reported to promote cell cycle arrest and apoptosis 
(Arachchige et al., 2006). Moreover, its down-regulation 
has been reported in thyroid cancer, breast cancer, oral 
cancer

 
and acute leukemia (Alevizos et al., 2001; Bogni 

et al., 2006; Choi et al., 2009; Jia et al., 2005; Kim et al., 
2004). Our previous study showed that ectopic 
expression of cyclin G2 could inhibit colony forming 
efficiency in the gastric cancer cell line SGC-7901 (Tian 
et al., 2002). Additionally, the expression levels of cyclin 
G2 were demonstrated to correlate with gastric cancer 
progression (Choi et al., 2009). However, less is known 
about the underlying mechanisms of cyclin G2 on gastric 
carcinogenesis. 

In this study, the regulation of cyclin G2 overexpression 
on cell viability and the expressions of cyclin G2 in gastric 
cells were investigated. Furthermore, mutation analysis 
was performed in tissues from 57 gastric cancer  patients 



 
 
 
 
with PCR, denaturing high-performance liquid 
chromatography (DHPLC) and sequencing. Our results 
indicate that cyclin G2 is a putative negative proliferation 
regulator in gastric cells and cyclin G2 expressions are 
significantly down regulated in gastric cancer cell lines at 
mRNA level and protein level. In addition, no mutations 
are found but four synonymous SNPs are detected in 
mutation screen, suggesting that mutations of cyclin G2 
might not be the main reason for gastric carcinogenesis. 
 
 
MATERIALS AND METHODS 
 
Clinical data 

 
Matched normal and tumor tissues were obtained from 57 patients 
(44 men and 13 women) with primary gastric carcinoma from the 
Department of Oncology of the First Clinical College in China 
Medical University, from January 2003 to October 2005. According 
to tumor, node, metastasis (TNM) staging system (7th edition), 
there were 10 cases of I stage, 18 cases of II stage, 25 cases of III 
stage and 4 cases of IV stage. Normal tissues were 5 cm away 
from tumor tissues. All patients did not receive preoperative 
chemotherapy or radiotherapy. Approval for the study was received 
from the Ethics Committee of China Medical University. 
 
 
Recombinant construction 
 
The cyclin G2 encoding sequence was cloned into the p3xFLAG-
CMV-7.1 eukaryotic expression vector using standard procedure 
and the recombinant plasmid p3xFLAG-CMV-G2 was verified by 
sequencing. 
 
 
Cell culture and transfection 
 
Human gastric epithelial immortalized cells GES-1 were maintained 
in Dulbecco’s modified Eagle’s medium; the human gastric cancer 
cell lines SGC-7901 and MGC-803 were maintained in RPMI-1640 
medium. Cells were cultured with 10% fetal bovine serum in a 
humidified environment containing 5% CO2 and held at a constant 
temperature of 37°C. Transient transfections were performed with 
Lipofectamine

TM
 2000 Reagent (Invitrogen) as described by the 

manufacturer. 
 

 
Trypan blue exclusion test 
 
GES-1 cells were seeded at 0.5×10

5
 cells per well in 24-well plates. 

Transfections were performed as above and proliferation was 
determined using the trypan blue exclusion test. Cells were 
digested with 0.25% tryspin, collected and stained with 0.4% trypan 
blue (Sigma-Aldrich, USA) for 5 min at 24, 48 and 72 h post-
transfection, respectively. The unstained cells were counted on a 
hemocytometer using an upright microscope (Olympus).  
 
 
Methyl thiazolyl tetrazolium (MTT) assay 
 

GES-1 cells were seeded and transfections were performed as 
described above. MTT (Sigma-Aldrich, USA) was added to each 
well at 24, 48 and 72 h post-transfection and left for 4 h, 
respectively (Zandi et al., 2010). The medium was removed after 
incubation and DMSO was added to dissolve the crystals by 
shaking the plate gently for 10 min. The absorbance at 570 nm  was  
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read with a microplate reader. 
 
 
Reverse transcription polymerase chain reaction (RT-PCR) 

 
Cellular RNA from GES-1, SGC-7901 and MGC-803 cells was 
extracted using TRIzol reagent and 1 µg of total RNA was reverse 
transcribed into cDNA. RT-PCR was performed with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as an internal control. 

Primers were the following: 5′-TGT TGC CAT CAA TGA CCC CTT-

3′ (sense) and 5′-CTC CAC GAC GTA CTC AGC G-3′ (antisense) 

for GAPDH; 5′-TGC CTA GCC GAG TAT TCT TCT-3′ (sense) and 

5′-TGT TTG TGC CAC TTT GAA GTT G-3′ (antisense) for cyclin 
G2. The intensity of bands was quantified using LabWorks™ Image 
Acquisition and Analysis Software (Ultra-Violet Products Ltd., 
Cambridge, UK).  
 
 
Preparation of cell lysates and western blot 

 
Cells were washed twice with ice-cold PBS and rinsed in lysis buffer 
containing 50 mM Tris-HCl (pH 7.5), 300 mM NaCl, 5 mM EDTA, 
1% NP-40 with protease inhibitor cocktail (Roche). The lysates 
were sonicated and centrifuged at 12,000 rpm for 15 min at 4°C. 
Proteins were separated by SDS-PAGE, transferred to PVDF 
membrane and immunoblotting was performed using the standard 
protocol: Blocking with 5% nonfat milk in TBS, incubating primary 
antibody overnight and secondary antibody for 2 h, washing 3 times 
in TBST 0.05% and signals were revealed with super signal 
chemiluminescent substract (Thermo Scientific). 

 
 
Genomic DNA extraction, primer design and PCR amplification 

 
Genomic DNA was extracted from matched normal and cancer 
tissues from 57 gastric cancer patients using the established 
phenol/chloroform protocols as described previously

 
(Chen et al., 

2008). Primers to amplify each exon and flanking intronic 
sequences according to the genomic sequence of cyclin G2 were 
outlined in Table 1. PCR amplifications were performed according to 
the following conditions: initial denaturation at 94°C for 1 min, 
followed by 35 cycles with 30 s at 94°C,    30 s at 55°C, 1 min at 
72°C, with a final extension step at 72°C for 5 min. Following PCR, 
reactions were denatured by heating to 95°C for 5 min and then 
cooled to 25°C over 30 min at 0.01°C/s to enhance heteroduplex 
formation. The products were examined on 1.5% agarose gels. 

 
 
DHPLC analysis and sequencing 

 
The fragments were directly injected into a DNASep column. Each 
fragment was analyzed under three partially denaturing tempe-
ratures using the Transgenomic WAVE DNA Fragment Analysis 
System and associated WAVE-Maker™ Software with the optimal 
temperature determined as previously reported (Chen et al., 2008). 
The chromatograms of each fragment were compared to those 
obtained from normal DNA. Fragments containing heteroduplexes 
with a shorter retention time were purified and sequenced for 
detecting variations. 

 
 
Data analysis 

 
Results were expressed as the mean ± S.D. of three independent 
experiments and statistical significance was determined by 
Student’s t test for paired values. Differences at P < 0.05 were 
considered to be significant.   
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Table 1. Primer sequences and DHPLC conditions for mutation screen of cyclin G2. 
 

Fragment Primer sequence (5’ to 3’) PCR size (bp) Tm (°C) DHPLC temperatures (°C) 

Exon1 
5′-GATTACATTCTCTGTGTGGTGTC-3′ 

5′-TTACCTCCTCCAAGCCCCATCA-3′ 
228 60.4 

59.4 

60.4 

     

Exon2 
5′-CTGTGTGGTGTCTTTACTGC-3′ 

5′-CCCATCAGCTGCTTGAGCAA-3′ 
203 60.3 

60.3 

61.3 

     

Exon3 
5′-CCTTGGTTCTTGGTTTTTATTGC-3′ 

5′-GTGCTAGGCACTGGGCATAGAA-3′ 
219 53.2 

56.2 

57.2 

     

Exon4 
5′-GACAGTTGTTAAAAGAAGCCTC-3′ 

5’-CTGGGCAACAAGAGCGAAATT-3′ 
464 53.9 

53.9 

54.9 

     

Exon5 
5’-GGAAGTTTAATAAATCTTTGTTCTTTGC-3′ 

5′-CAAGGCTAATACAGATGGCTG-3′ 
224 53.2 

55.0 

56.8 

     

Exon6 
5′-GCAACTGCCGACTCATCTTTTC-3′ 

5′-CAAGTGTAAAAGTTAAGAGTCCC-3′ 
332 53.9 

55.0 

54.4 

53.8 

Exon7 
5′-TTTGGGAGACATTGCCGTAACC-3′ 

5′-GTAGGTGCTTGCTTTCTCTG-3′ 
356 55.5 

55.5 

57.4 

58.5 

     

Exon8 
5′-CCTCACTAGAGATATAGCAGC-3′ 

5′-GGCTAAACCAGGAAACTACC-3′ 
301 55.1 

55.1 

57.7 

 
 
 

RESULTS 
 
Ectopic expression of cyclin G2 inhibits proliferation 
of gastric cells 
 
To investigate the regulation of cyclin G2 overexpression 
on the proliferation rate, GES-1 cell viability was 
examined by the trypan blue exclusion test and MTT 
assay, respectively. 

For the trypan blue exclusion assay, cell numbers were 
monitored at the different time points. The cell number 
was suppressed to 85% at 24 h and it kept decreasing to 
81% at 48 h and 79% at 72 h post-transfection (P < 0.05, 
Figure 1A). 

In the MTT assay, the proliferative changes were 
presented as relative cell numbers based on the OD570 
value. The actual absorbance value was obtained by the 
absorption value of each well after subtracting the blank 
absorbance value. Compared with the control, the 
number of cells transfected with cyclin G2 was reduced 
by 25, 22 and 26% at 24, 48 and 72 h post-transfection, 
respectively (P < 0.05, Figure 1B). Hence, over 

expression of cyclin G2 is demonstrated to inhibit gastric 
cell proliferation significantly. 

 
 

Expressions of cyclin G2 are decreased in gastric 
cancer cells 
 
RT-PCR was repeated 3 times to analyze the differences 
of cyclin G2 expression levels among gastric cancer 
SGC-7901, MGC-803 cells and the normal GES-1 cells. 
As shown in Figure 2A, the mRNA expression of cyclin 
G2 decreased to 40% in the poorly-differentiated MGC-
803 cells while 85% in the well-differentiated SGC-7901 
cells contract to that of GES-1. Furthermore, we also 
detected protein levels of cyclin G2 in gastric cancer 
cells. Consistent with RT-PCR data, Figure 2B demon-
strated that protein expression of cyclin G2 decreased in 
gastric cancer cells. In addition, we observed that the 
protein expression of cyclin G2 was lower in MGC-803 
cells than that of SGC-7901, suggesting that expression 
reductions of cyclin G2 at mRNA levels and protein levels 
might be involved in the  progression  of  gastric  carcino- 
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Figure 1. Overexpression of cyclin G2 significantly inhibits cell proliferation of gastric cells. Trypan blue exclusion tests (A) and MTT 
assays (B) were performed on GES-1 cells at 24, 48 and 72 h post-transfection, respectively. The data presented were mean ± S.D. 
of triplicate wells.  Advanced  *P < 0.05 and **P < 0.01. 

 
 
 

 
 
Figure 2. Expressions of cyclin G2 are decreased in gastric cancer cells. The expressions of cyclin G2 in the SGC-7901 and BGM-

803 gastric cancer cell lines and normal gastric GES-1 cells were analyzed by semi-quantitative RT-PCR (A) and western blot (B), 
with GAPDH and β-tubulin as internal control, respectively. The intensity of bands was quantified using LabWorks™ Image 
Acquisition and Analysis Software.   *P < 0.01 and **P < 0.001. 
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Figure 3. DHPLC detection of cyclin G2 mutation. The chromatogram profile of tumor tissues compared with that of the matched 
normal tissues. Heteroduplexes were detected in exon2 (A), exon7(B,C) and exon8 (D). 

 
 
 

genesis (P < 0.01). 
 
 
Mutation analysis of cyclin G2 with DHPLC and 
sequencing 
 
We further investigated if mutations of cyclin G2 contri-
buted to its expression reductions. Genomic DNA was 
extracted from 57 matched normal and tumor tissues and 
PCR was performed as described above. With DHPLC 
analysis, 9 cases of heteroduplexes were identified in 
PCR products amplified exon2 (2 cases), exon7 (1 case) 
and exon8 (6 cases) as shown in Figure 3.  

PCR products showing aberrant chromatograms on 
DHPLC analysis were subjected to DNA sequencing. 
Four SNPs in cyclin G2 were detected in the gastric 
cancer tissues, all of which were synonymous 
demonstrated as following: E29E (222G>A) in cyclin G2 
exon2; IVS7-57A>G in cyclin G2 intron7; IVS7-55T>C in 
cyclin G2 intron7; IVS8+31A>G in cyclin G2 intron8 
(Figure 4). No mutation was detected. 
 
 
DISCUSSION 
 
G-type cyclins have well conserved amino acid 
sequences among mammals. Cyclin G1 and G2 share 

53% amino acid sequence identity, 60% nucleotide 
sequence identity and they are both downstream 
regulated by homeobox A-10 (Yue et al., 2005). However, 
they show several differences. Cyclin G1 is identified as 
one of the transcriptional targets of the tumor suppressor 
gene p53 while cyclin G2 expression is known to be 
independent of p53 (Bates et al., 1996). In contrast to the 
nuclear localization of cyclin G1, cyclin G2 shows nucleo-
cytoplasmic shuttling (Arachchige et al., 2006). The level 
of cyclin G1 is stable in cell cycle while cyclin G2 
expression oscillates tightly with the cell cycle, peaking at 
late S/G2 phase (Bennin et al., 2002).  

Cyclin G2 modulates cellular division by associating 
with phosphatase 2A (PP2A), ubiquitin Skp1 and Skp2 
and regulating their activities (Bennin et al., 2002; Xu et 
al., 2008). Moreover, mRNA expression of cyclin G2 was 
reported to elevate at G0 phase and considerably reduce 
when cells enter cell cycle, suggesting its potential role in 
G0 phase (Martínez-Gac et al., 2004). In addition, cyclin 
G2 was reported to be involved in the differentiation of 
the uterus and adipocytes (Aguilar et al., 2010; Yue et al., 
2005). No known active CDK partner of cyclin G2 has yet 
been described.  

In our study, ectopic expression of cyclin G2 was 
detected to inhibit gastric cell proliferation. Furthermore, 
the expression reduction of cyclin G2 were detected in 
gastric   cancer  cells  compared  with  normal  cells.  Our 
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Figure 4. Four SNPs were detected with DNA sequencing in the 57 gastric cancer tissues. A: E29E 

(222G>A) in cyclin G2 exon2; B: IVS7-57A>G in cyclin G2 intron7; C: IVS7-55T>C in cyclin G2 intron7; D: 
IVS8+31A>G in cyclin G2 intron8. 

 
 
 

results demonstrate the negative modulation of cyclin G2 
in gastric carcinogenesis and suggest that the expression 
of cyclin G2 might be regulated in gastric cancer. To 
unambiguously evaluate the role of cyclin G2, we 
performed mutation analysis by screening each of its 
exons and some introns in 57 gastric cancer tissues. No 
mutations were detected in our screens, suggesting that 
mutation of cyclin G2 might not be the main cause for 
gastric carcinogenesis and other reasons such as loss of 
heterozygosity (LOH) and/or epigenetic modifications of 
cyclin G2 might contribute to the gastric carcinogenesis. 
Moreover, the expression of cyclin G2 was reported to be 
regulated by phosphoinositide 3-kinase (PI3K), Fox0 
genes, c-jun NH (2)-terminal kinase, mTOR signaling and 
estrogen-occupied estrogen receptor. In gastric cancer, 
the role of these factors in modulating cyclin G2 
expression awaits further investigation (Ito et al., 2003; 
Le et al., 2007; Stossi et al., 2006; Kasukabe et al., 
2008).   

In summary, this study provides the evidence that cyclin 
G2 is a negative regulator in gastric cell proliferation and 
its expressions are regulated in gastric cancer cells. In 
addition, no mutation of cyclin G2 was detected in tissues 

from 57 gastric cancer patients, suggesting that 
mutations of cyclin G2 might not be the main reason for 
leading to gastric carcinogenesis.   
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