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Abstract: Background: The aberrant activation of oncogenic signaling such as Ras/MAPK signaling is a frequent 
event in human cancers. In addition to genetic changes, epigenetic silencing of inhibitors in Ras/MAPK signaling 
contributes to the activation of Ras/MAPK signaling. Recently, ANXA6 has been shown to interact with Ras-GAP1 
and inhibit Ras activation in human breast cancer. However, whether and how it is involved in human cancers 
remain unknown. Methods: Real-time PCR was used to determine ANXA6 expression in gastric cancer cells and 
primary gastric carcinomas. Next, we explored the methylation of ANXA6 promoter in cell lines and tumor tissues 
with methylation-specific PCR and bisulfite genomic sequencing. We also investigated the function of ANXA6 in gas-
tric cancer cells with colony formation assay and western blotting analysis. Results: ANXA6 was down-regulated in 
gastric cancer cells and primary gastric carcinomas. Ectopic ANXA6 expression inhibited the growth of gastric can-
cer cells and the activity of Ras/MAPK signaling. Its expression was restored after pharmaceutical demethylation. 
ANXA6 promoter was methylated in gastric cancer cell lines (6/6) and primary gastric carcinoma tissues (29/156). 
Interestingly, the knockdown of oncoprotein Yin Yang 1 (YY1) also restored ANXA6 expression and promoted the 
demethylation of ANXA6 promoter. However, ANXA6 methylation was not associated with clinical parameters such 
as differentiation, and TNM staging. Neither Kaplan-Meier Curve nor Cox regression analysis revealed a significant 
role of ANXA methylation to predict the survival of gastric cancer patients. Conclusions: We firstly reported that 
ANXA6 is epigenetically silenced through promoter methylation in human cancers and YY1 is important to initiate 
or maintain ANXA6 promoter methylation in gastric cancer cells. ANXA6 functions as a tumor suppressor in gastric 
cancer cells through the inhibition of Ras/MAPK signaling. ANXA6 methylation is not a prognostic factor for gastric 
cancer patients.
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Introduction

Human cancers result from the accumulation 
of multiple genetic and epigenetic changes that 
eventually lead to the deregulation of signaling 
pathways critical to cell proliferation and differ-
entiation such as Ras/MAPK signaling. As the 
first oncogene identified from human tumors, 
Ras is one of the most well-known oncogenes 
aberrantly activated in human carcinogenesis 
[1-3]. Aberrant activation of Ras signaling often 
results from point mutations that render Ras 
constitutively active. Such oncogenic muta-
tions have been frequently found in many 

human cancers including pancreatic cancer, 
colorectal cancer and lung cancer [3]. However, 
Ras mutations are rarely found in some cancers 
such as gastric cancer, suggesting that other 
mechanisms such as epigenetic changes may 
be responsible for aberrant Ras activation in 
these cancers. Through modulating gene 
expression, epigenetic changes were found as 
the alternative of genetic changes contributing 
to the deregulation of oncogenic signaling [4]. 
As one of most important events of epigenetic 
regulatory network, promoter methylation func-
tions as signals for the recruitment of suppres-
sive factors to inhibit gene expression. Many 
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important regulators in various signaling path-
ways are frequently silenced by promoter meth-
ylation to facilitate oncogenesis [5-7].

Ras activity is tightly regulated by guanine 
nucleotide exchange factors (GEFs) and GTPase 
activating proteins (GAPs). Ras-GEFs can pro-
mote Ras activation in response to the binding 
of growth factors to their receptors. In contrast, 
GAPs trigger the hydrolysis of bound GTP into 
GDP and inactivate Ras. The loss function of 
Ras-GAPs, attributed to either genetic changes 
including deletions and point mutations or epi-
genetic changes such as promoter methylation, 
has been frequently reported in human can-
cers. Annexin VI (ANXA6) belongs to a family of 
calcium-dependent membrane and phospho-
lipid binding proteins with their regulations and 
functions in human cancers largely unknown 
[8]. Recently, ANXA6 has been shown to inter-
act with Ras-GAP1 and inhibit Ras activation in 
human breast cancer [9]. In the current study, 
we found that ANXA6 was down-regulated 
through promoter hypermethylation in human 
gastric cancer, the second leading cause of 
cancer death worldwide. 

Materials and methods

Cells, siRNAs and antibodies

Cells were generally cultured in RPMI 1640 
medium (Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS) and 
incubated at 5% CO2, 37°C and 95% humidity. 
For pharmacological demethylation, cells were 
treated for 72 h with 5 µM 5-aza-2’-deoxycyti-
dine (Aza) (Sigma, St Louis, MO, USA). Aza was 
replenished every 24 h. An equivalent concen-
tration of the vehicle (DMSO) was used as the 
control. The cells were then harvested for total 
RNA and genomic DNA extraction. Double str- 
and siRNAs were synthesized by Genepharma 
(Shanghai, China). All antibodies are products 
from cell signaling technology (Danvers, MA, 
USA).

Total RNA and genomic DNA extraction

Cells were homogenized in Trizol reagent 
(Invitrogen). Total RNA and genomic DNA were 
extracted using the miRNeasy Mini Kit (Qiagen) 
according to the manufacturer’s protocol. The 
concentrations of RNA and DNA were quanti-
fied by NanoDrop 1000 (Nanodrop, Wilmington, 
DE, USA).

RT-PCR

The reverse transcription reaction was per-
formed using 1 µg of total RNA with the High 
Capacity cDNA Reverse Transcription kit 
(Applied Biosystems, Foster City, CA, USA). 
Quantitative real-time PCR was performed 
using the SYBR Green Master Mix Kit and ABI 
PRISM 7500 Real-Time PCR System (Applied 
Biosystems). Glyceraldehyde-3-phosphate deh- 
ydrogenase (GAPDH) was used for the normal-
ization. The primers used for ANXA6 RT-PCR 
are CTGGACATAATCACCTCACG (RTPCR-F) and 
TTGGCATCACAATAGGCAGG (RTPCR-R). 

Bisulfite treatment of DNA and methylation 
analysis

Methylation status of ANXA6 was determined 
by MSP (methylation specific PCR) and BGS 
(bisulfite genomic sequencing) using bisulfite 
modified genomic DNA as the template [10]. 
Genomic DNA was disulphide-treated with 
Zymo DNA Modification Kit (Zymo Research, 
Orange, CA, USA) according to the protocol pro-
vided by the manufacturer. MSP was carried 
out for 40 cycles with annealing temperature at 
60°C, as previously described [11]. The prim-
ers used are GGTTTCGATTTAGCGAGCGT (MSP-
F), CCATCAACCGATAACTAAACG (MSP-R), GGGT- 
TTTGATTTAGTGAGTGT (USP-F) and CCCATCAA- 
CCAATAACTAAACA (USP-R). For BGS, PCR was 
performed using the annealing temperature as 
55°C. Primers used for BGS are GTAAGATTTT- 
AAGAGTTAAGGAGT (BGS-F) and GGTCAACCAA- 
ACCCTCTACAA (BGS-R).

Immunoblotting

Proteins were resolved by SDS-PAGE and trans-
ferred onto Hybond C nitrocellulose mem-
branes (Amersham Life Science, Buckingham- 
shire, UK). Milk-Blocked membranes were 
probed with primary antibodies in blocking buf-
fer overnight at 4°C. Finally, membranes were 
incubated with secondary antibodies conjugat-
ed with HRP (horse-radish peroxidase) and sig-
nals were visualized with enhanced chemilumi-
nescence (Amersham Life Science). 

Cell growth assay

Cell growth was measured by CellTiter 96® 
AQueous Assay kit (Promega, Madison, WI, USA). 
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Briefly, cells were seeded in 12-well plates and 
transfected with plasmids or siRNAs for 48 
hours. Cells were then harvested and re-seed-
ed into 96-well plates. After 24 hours, the 
quantity of formazan was measured at 490 nm 
after one hour incubation with CellTiter 96® 
AQueous One Solution Reagent following the 
instructions provided.

Statistical analysis

The difference in the expression of ANXA6 
between tumor and adjacent non-tumor tis-
sues was analyzed by the Wilcoxon matched 
pairs test. The χ2 tests were used to analyze the 
association of patient characteristics with 
ANXA6 methylation. The probability of overall 
survival was calculated with the Kaplan-Meier 
method and differences between curves were 
evaluated with the log-rank test. Relative risks 
of death associated with ANXA6 methylation 
and other predictor variables were estimated 
by the univariate Cox proportional hazards 
model. Multivariate Cox models were also con-
structed to estimate the relative risk for ANXA6 
methylation with adjustments of age, gender, 
H. pylori infection, Lauren type, differentiation 
and TNM stage. All analyses were performed 
using SPSS for Windows, version 14.0. A p 

value < 0.05 was taken as statistically 
significant.

Results

ANXA6 is down-regulated in gastric cancer

To explore whether ANXA6 is relevant to gastric 
carcinogenesis, we determined the expression 
of ANXA6 in a panel of human gastric carcino-
ma cell lines. In contrast to its high expression 
in stomach epithelium, ANXA6 mRNA levels are 
down-regulated in gastric cancer cell lines 
(Figure 1A). Moreover, ANXA6 expression levels 
in primary gastric carcinoma tissues are signifi-
cantly lower than its expression in adjacent 
non-tumor stomach tissues (Figure 1B).

ANXA6 acts as a tumor suppressor in gastric 
cancer cells

Next, we explored the biological relevance of 
ANXA6 downregulation in gastric cancer cells. 
Transient expression of ANXA6 in MKN28 cells 
inhibited cell growth (Figure 2A). Similarly, sta-
ble ANXA6 expression inhibited the clonogenic-
ity of MKN28 cells (Figure 2B) and attenuated 
the activation of Ras/MAPK signaling (Figure 
2C). 

Figure 1. ANXA6 is down-regulated in gastric cancer. A: ANXA6 expression in a panel of gastric cancer cell lines was 
determined by real-time RT-PCR. B: ANXA6 expression in primary stomach tissues were determined by real-time RT-
PCR (Wilcoxon matched pairs t-test, p<0.05).
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ANXA6 is down-regulated through promoter 
methylation

Due to the presence of a typical CpG Island 
(CGI) in the promoter region of ANXA6 gene 
(Figure 3A), we postulated that methylation of 
ANXA6 CGI might be responsible for the down-
regulation of ANXA6 in gastric cancer cells. 
Indeed, ANXA6 expression was significantly 
restored in cells treated with demethylation 
agents like Aza (Figure 3B). Moreover, methyla-
tion specific PCR revealed the methylation of 
ANXA6 CGI in cancer cells (Figure 3C). Bisulfite 
genomic sequencing further confirmed methyl-
ation of ANXA6 CGI (Figure 3D). 

Ying Yang 1 is important to the promoter meth-
ylation of ANXA6

In an effort to explore how the methylation of 
ANXA6 was maintained in gastric cancer cells, 
we found several binding consensus of Ying 
Yang 1 (YY1) within the promoter region of 
ANXA6 (GCCAT, -2516, -1843 and -1578). Since 
Ying Yang 1 was well known to play an impor-
tant role in the initiation and maintenance of 
DNA methylation, we wonder whether YY1 is 

relevant to the CGI methylation of ANXA6. The 
methylation of ANXA6 CGI was reduced in cells 
treated with YY1 siRNA (Figure 4A and 4B). 
Consistently, ANXA6 expression was restored 
after YY1 depletion (Figure 4C), indicating that 
YY1 promotes CGI methylation and consequent 
silencing of ANXA6.

Methylation of ANXA6 promoter CGI in primary 
tumors

To further illustrate the clinical relevance of 
ANXA6 methylation to gastric carcinogenesis, 
we examined the methylation of ANXA6 CGI in 
primary gastric carcinoma tissues. ANXA6 pro-
moter CGC was methylated in 29 of 156 cases 
(18.6%) (Figure 5A). However, the methylation 
of ANXA6 CGI was not associated with gender, 
H. pylori infection, TNM staging, Lauren typing 
and differentiation (Table 1). Kaplan-Meier 
Curve analysis indicates that the methylation of 
ANXA6 promoter has no effect on the survival 
of gastric cancer patients (Figure 5B). In addi-
tion, neither univariate Cox regression nor mul-
tivariate Cox regression indicates a significant 
value of ANXA6 methylation in the prognosis 
evaluation of gastric cancer patients (Table 2).

Figure 2. ANXA6 acts as a tumor suppressor in gastric cancer cells. ANXA6 expression inhibits the growth (A) and 
clonogenicity (B) of MKN28 cells. C: ANXA6 expression inhibited the activation of MAPK signaling in MKN28 cells.
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Discussion

Aberrant Ras activation is believed to play a 
critical role in many if not all cancers. Many 

genetic and epigenetic alterations can contrib-
ute to aberrant Ras activation during the step-
wise process of cancer development [2, 5, 
12-15]. Point mutations that render Ras consti-

Figure 3. Methylation of ANXA6 promoter CGI mediates ANXA6 downregulation. A: ANXA6 contains a typical CpG 
Island (CGI) in its promoter region. The number indicates the location of CGI from the transcription start site. One 
vertical black line indicate one CpG site. B: Expression of ANXA6 before and after Aza treatment were determined by 
real-time RT-PCR as in Figure 1B. Methylation of ANXA6 promoter in GES-1 and gastric cancer cells were determined 
by MSP (C) and BGS (D).

Figure 4. YY1 is important to the methylation of 
ANXA6 promoter. A: ANXA6 expression in gastric 
cancer cells before and after YY1 depletion were 
determined by real-time RT-PCR. B: Methylation of 
ANXA6 promoter in gastric cancer cells before and 
after YY1 depletion were analyzed by MSP (B) and 
Cobra (C). 
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tutively active have been frequently found in 
many tumors such as pancreatic carcinoma. 
However, such oncogenic Ras mutations have 
rarely been detected in gastric cancer. Many 
genetic and epigenetic changes as well as envi-

ANXA6 can inhibit Ras activation through its 
interaction with Ras-GAP1 [9, 19]. Recen- 
tly, ANXA6 was found as a scaffold for protein 
kinase Cα (PKCα) to promote the inactivation of 
epidermal growth factor receptor (EGFR) which 

Figure 5. Methylation of ANXA6 promoter CGI in pri-
mary tumors. A: Methylation of ANXA6 promoter in 
primary stomach tissues were analyzed by MSP. T: 
tumor tissues; N: Adjacent non-tumor tissues. B: The 
effect of ANXA6 methylation on the survival of gastric 
cancer patients was analyzed by Kaplan-Meier Curve 
analysis.

Table 1. Methylation of ANXA6 in gastric cancer

Variable Methylated  
(n=29) % Nonmethylated 

(n=127) % p  
value

Mean age, y ± SD 55.3 ± 12.7 58.3 ± 12.4 0.393
Gender 0.972
  M 17 58.6% 74 58.3%
  F 12 41.4% 53 41.7%
H. pylori 0.541
  Positive 7 35.0% 23 28.0%
  Negative 13 65.0% 59 72.0%
TNM 0.470
  I 4 17.4% 22 21.2%
  II 6 26.1% 14 13.5%
  III 6 26.1% 26 25.0%
  IV 7 30.4% 42 40.4%
Lauren 0.836
  Intestinal 25 86.2% 105 84.7%
  Non-intestinal 4 13.8% 19 15.3%
Differentiation 0.093
  Low 21 84.0% 70 65.4%
  Moderate or High 4 16.0% 37 34.6%

Table 2. Cox regression analysis of ANXA6 methylation in gastric 
cancer

ANXA6 methylation
Univariate Multivariate 

RR (95% CI) p-value RR (95% CI) p-value
Yes 1.36 (0.69-2.66) 0.371 0.94 (0.43-2.02) 0.864
No 1.00 1.00

ronmental factors may contrib-
ute to aberrant Ras activation 
in gastric cancer instead of 
oncogenic Ras mutations. For 
example, growth factor recep-
tors like epithelial growth fac-
tor receptors (EGFRs) are over-
expressed via gene amplifica-
tion in gastric cancer [16]. In 
addition, Helicobacter pylori 
infection, one of the risk fac-
tors for gastric cancer, can 
activate Ras through EGFR 
transactivation [17]. Recently, 
we found that promoter meth-
ylation mediates the epigene-
tic silencing of klotho which is 
a transmembrane protein to 
affect the interaction of mem-
brane receptors with ligands 
such as insulin or insulin-like 
growth factors [18]. In con-
trast, ezrin which facilitate Ras 
activation by promoting the 
interaction of Ras with SOS 
was upregulated in cancer 
cells, resulting from the down-
regulation of microRNA-204 
[6]. Herein, we presented 
another mechanism for aber-
rant Ras activation in gastric 
carcinogenesis.
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functions upstream of Ras/MAPK signaling 
pathway [20, 21]. In addition, ANXA6 was found 
to inhibit cancer cell growth, indicating ANXA6 
is a functional tumor suppressor [22]. Similar to 
RASAL which is a functional Ras-GAP and epi-
genetically silenced in multiple types of human 
cancers, ANXA6 was found to be down-regulat-
ed in human breast cancer [9]. How- 
ever, it remains unknown how ANXA6 is down-
regulated in breast cancer cells, particularly 
EGFR-overexpressing and estrogen receptor 
(ER)-negative cells. There is a typical CGI locat-
ed in the promoter of ANXA6 and we found for 
the first time that promoter methylation is 
responsible for ANXA6 downregulation in 
human gastric cancer cells. YY1 which is a 
ubiquitously distributed transcription factor 
belonging to the GLI-Kruppel class of zinc finger 
proteins can activate or repress gene expres-
sion through directing histone deacetylases 
and histone acetyltransferases to the promot-
er. We found that ANXA6 promote contains sev-
eral binding sites for YY1 and YY1 is important 
to ANXA6 methylation. Recently, DNA methyla-
tion was recognized as a dynamic process due 
to the existence of active demethylation in 
human cells such as embryonic stem cells [23]. 
ANXA6 CGI starts to be demethylated 4 days 
after YY1 depletion, indicating that YY1 most 
likely induces passive demethylation through 
disrupting the initiation or maintenance of DNA 
methylation. ANXA6 is down-regulated in many 
human cancers (www.oncomine.org) and it 
would be interesting to known whether the 
downregulation of ANXA6 in these cancers is 
also attributed to YY1-involved promoter methy- 
lation.

Promoter methylation was recently recognized 
as the biomarkers for cancer detection and 
prognosis prediction in addition to screening or 
defining novel tumor suppressor genes [24-26]. 
However, we failed to find any association of 
ANXA6 with clinical parameters such as overall 
survival, differentiation and staging. The posi-
tive rate of ANXA6 promoter methylation is only 
18.6% and there are only 29 patients with 
ANXA6 promoter methylated in the cohort. This 
may underscore the clinical relevance of ANXA6 
promoter methylation. 

Conclusion

In conclusion, we firstly reported that ANXA6 is 
epigenetically silenced through promoter meth-

ylation in human cancers and YY1 is important 
to initiate or maintain ANXA6 promoter methyl-
ation in gastric cancer cells. ANXA6 functions 
as a tumor suppressor in gastric cancer cells 
through the inhibition of Ras/MAPK signaling. 
Our results did not support ANXA6 methylation 
as a prognostic factor for gastric cancer 
patients.
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