Aberrant methylation of Pyk2 gene promoter
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ABSTRACT
Objective: Proline-rich tyrosine kinase 2 Pyk2 has been
recognized as potential tumor suppressors in the occurrence
and development of tumors. Aberrant methylation of CpG
islands was found to be connected to the loss of gene function
in tumor cells. DNA Methylation-specific PCR and real-time
PCR were done in order to evaluate Pyk2’s role in gastric
cancer.
Methods: Eight CCGG sites of Pyk2 (proline-rich tyrosine
kinase 2) gene promoter in gastric cancer cells were detected
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by enzyme-cutting PCR. Besides, we detected aberrant
methylation of Pyk2 gene promoter in 55 respected primary
gastric cancer tissues compared to 55 corresponding
nonmalignant gastric tissues by MSP (methylation specificPCR). Moreover, we investigated the effects of DAC (5-aza2-deoxycytidine) and TSA (trichomycin A) in the expression
of Pyk2 in gastric cancer cell lines.
Results: Six sites methylated in gastric cancer cell lines and
only one site methylated in normal gastric cell line (P<0.05).
Pyk2 gene methylation was detected in 34.5% tumor samples,
which exists in only 1.82% of normal samples (P<0.05).
However, there is no significant correlation between the
methylation status and clinic pathological characteristics
(P>0.05). It was found that TSA could increase the Pyk2
expression slightly, while DAC can significantly increase the
expression of Pyk2, and the combination of DAC and TSA
can increase its expression most.
Conclusion: Methylation of Pky2 promoter is highly expressed
in gastric cancer, and TSA together with DAC can increase
the expression of Pyk2 in gastric cancer.
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Introduction
Pyk2 (also named cell adhesion kinase-b, CAK) is
widespread and observed in many tissues including
nervous tissue, hematopoietic tissue, stomach, intestinal,
live, spleen, kidney and epididymis.1,2 Its expression is
statistically different between gastric cancer and normal
gastric mucosas.3 Activation of Pyk2 is involved in many
cellular processes including calcium-induced regulation
of the ion channel,4 stress-induced c-Jun NH2-terminal
kinase activation5 and Src-mediated activation of MAP
kinase signaling pathway.6 However, the mechanism of
Pyk2 activation is still unclear. Our study used MSP,
real-time quantitative PCR, and other methods to find
whether methylation of Pyk2 gene plays an important
role in its activation in gastric cancer.

Materials and methods
Tumor samples: primary gastric tumor samples (n=55)
and corresponding normal gastric musin (n=55) were
obtained from gastric cancer patients who had been
treated with curative resectional surgery in Peking
university first hospital (Beijing, China) between July 2006
and July 2008. There were 36 males and 19 females (age
37-82 years, mean age at 61.9 years). Only one patient had
stage I disease, 12 patients had stage II disease, 30 patients
had stage III disease, and 8 patients had stage IV disease.
Histological subtypes of adenocarcinoma included 1
high differentiation, 13 moderate differentiation, 35 low
differentiation, and 2 undifferentiating samples.

Cell culture
Human gastric cancer cell lines GES-1, MGC-803,

BGC-823 (From Institute of Biochemistry and Cell
Biology, SIBS, CAS) was grown in Dulbecco’s modified
Eagle’s medium (GIBICO,) plus 10% fetal bovine serum
at 37C in 5% CO2 atmosphere.7 The cells were grown
to 90% confluence before being harvested.

Enzyme-shearing PCR
DNA of this three gastric cancer cell lines GES-1, MGC803, BGC-823 was extracted as described previously.
For each sample, 5ug DNA was added into 20u HapII
or MSPI, added 10ul 10×buffer, and then added up to
100ul by demonized water. Incubated the samples in
37°C over night. The next day, added 10ul 5M-sodium
acetate, added dehydrated alcohol to 250ul, centrifuge
and wash the sample by 75% alcohol, finally resolves it
in TE (PH8.0). Primers for PCR were designed by Primer
5.0, and the sequence and annealing temperature are
summarized in table 1.
The PCR mix contains 5×buffer 10ul, dNTP (2.5uM)
1ul, Mgcl2 2ul(promega USA), and DNA sample about
500ng. 95°C 60s, 57°C 45s, 72°C 30s for 35 cycles.
10 ul of each PCR P was loaded onto a 2% agarose gel
and visualized under UV illumination.

Methylation-Specific PCR
DNA of all samples was extracted as described
previously,8,9 and bisulfate modification of genomic DNA
was performed according to the manufacture protocol
(s7820, chemicon, USA&Canada). Briefly, First, add
7 ul NaOH to 1 ug DNA, and incubate DNA in 50°C
for 10 mins, then add 550 ul of freshly prepared DNA
Modification Reagent I, vortex and incubate at 50 °C

Table 1: Summary of enzeyme-sharing PCR
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overnight. Second, resuspend Reagent III by vortexing
vigorously, add 5 ul of well-suspended Reagent III,
750 ul of Reagent II, vortex, and centrifuge and wash
the pallet by 1.0 ml 70% EtOH three times. At last,
completely modify the DNA (Desulfonation), desalting
for the second time and elute the DNA, add TE buffer
and incubate the sample for 15 minutes at 50-60°C to
elute the DNA. Stored sample at –80°C. We used p16
gene as the positive control.10 Gene primer sequences
of these two genes for both the methylated and the
unmethylated forms, annealing temperatures, product
size are summarized in Table 2.
The PCR mixture contains 10× PCR buffer 10ul
(TaKaRa), deoxynucleotide triphosphates (2.5 mM),
primers (final concentration, 20uM each reaction),

Hot-Star Taq polymerase 2.5 unit (TaKaRa), and
bisulfitemodified DNA (200 ng). 10 ul of each PCR
product was loaded onto a 2% agarosegel and visualized
under UV illumination. The PCR for all samples
demonstrating methylation for the individual genes was
repeated to confirm these results.

5’-Aza-2-deoxycytidine/Trichomycin a
treatment
human gastric cancer cell lines GES-1, MGC-803,
BGC-823 were grown in the presence and absence of
5-aza-CdR (100ng/ml, sigma) and/or TSA (10ng/ml,
sigma) as described previously.10,11,25 The method of
DAC/TSA treatment is in table 3. After the cell were
harvested RNA of all the 21 samples was extracted

Table 2: Data Summary of MSP

Table 3: Treatment of gastric cancer cell lines
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from the cell lines using Trizol Plus RNA Purification
Kit (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Each microgram of RNA
was reverse-transcribed to cDNA using the reverse
transcription kit (PROMEGA) using oligo dT primers.

Real-time PCR
The relationship between Pyk2 gene promoter
methylation and gene silencing was investigated using
real-time quantitative PCR. Quantitative real-time PCR
was carried out onan ABI Prism 7500HT. Primers and
probes for Pyk2 was designed and synthesized by custom
TaqMan gene expression assays. TaqMan glyceraldehyde3-phosphate dehydrogenase (GAPDH) control was used
for internal reference. The sequence of primers and
Taqman probe was shown in table 4. Reactions were
performed using 2×TaqMan Gene Expression Master Mix
(ABI real-time PCR) following the protocol as described:
50°C 2mins, 95°C 10mins followed by 40 cycles of 95°C
15 s, 60°C 1 min. Relative quantification was performed
using Delta-Delta cycle threshold method (Ct) with an
Applied Biosystems Prism Sequence Detection Software
version SDS 2.2.12

Statistics
Statistical analysis was performed using the x2 test
for the differences between tumor tissue group and
nonmaligment tissue group. Fisher’s exact test was
performed for the relationship between methylaton
and histological subtypes, and also for the relationship
between methylation and TNM stage. Total survival
rate was calculated using Kaplan-Meier log-rank testing.8

RESULTS
Methylation of CCGG site in Pyk2 gene
promoter CpG Island is different between
human gastric cancer lines and gastric
epithelial cell line GES-1
We used Enzyme-shearing PCR to detect methylation of
CCGG site in Pyk2 promoter CpG Island. Eight CCGG
sites were tested between human gastric epithelial cell
line GES-1 and human gastric cancer lines MGC-803 and
BGC-823. We found totally six sites were methylated in
gastric cancer cell lines site 1,2,3,5,6,7 and only one site
was methylated in gastric epithelial cell line site 5. The
detailed results of methylation of site 6 and site 4 in gastric
cancer cell lines compared with the corresponding gastric
epithelial lung tissues are shown in Fig. 1.

Frequency of Methylation in Primary
gastric cancer and their Corresponding
Nonmalignant gastric Tissues are different.
We determined the frequency of methylation of
Pyk2 in 55 resected primary gastric cancers and in 55
corresponding nonmalignant gastric tissues by MSP. We
found that there were totally 19 methylation in gastric
cancer samples (19/55,34.5%) and in the corresponding
nonmalignant gastric tissues only one methylation was
found (1/55,1.82%). The detailed results of methylation
for Pyk2 gene in all tumors tissues compared with
the corresponding nonmalignant tissues are shown in
Fig. 2. A statistically significant difference was found
for the methylation status between tumors tissues and
nonmalignant gastric tissues (pairs-x2 test, p<0.0005).

Table 4: Sequence of Real-time PCR primer and Taqman
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No significant correlation between the
methylation situation and clinicopathological
characteristics.
We analyzed the methylation changes in the tumors and
the clinical data obtained from these patients (Table 5).
For the TNM stage, there is no methylation in stage I,
three methylation in stage II (3/12), ten methylation in

stage III (10/30) and four methylation in stage IV (4/8).
there is no correlation between the TNM stage and
patients’ methylation (Fisher’s exact =0.502, p=0.502).
For the histological subtypes, there is no methylation in
high differentiation adenosquamous carcinoma (0/1),
four methylation in moderate adenosquamous carcinomas
(4/13), twelve methylation in low carcinomas (11/35)
and one methylation in undifferentiated carcinomas

Table 5: Methylation changes in the tumors and the clinical data
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(1/2). There is no correlation between histological
subtypes and patients’ methylation neither (Fisher’s
exact = 0.749,p=0.463). Overall, we found no
correlation between the methylation situation and any
of the clinicopathological characteristics of the patients
including TNM stage, histological subtypes. Though
there is no statistically difference between methylation
and patients’ survival time, there is a tendency. (Fig. 3).

treatment of DAC together with TSA to cell increased
the expression most, treatment with DAC acted obviously
and a little less than DAC, but treatment with TSA could
only increase the expression slightly. There is statistically
difference in the expression of Pyk2 mRNA before and
after the treatment of DAC and the combination of DAC
and TSA (x2 test, P<0.05). The combination of this two
drug acted significantly. (Fig. 4)

Treatment with 5-aza-CdR or /and TSA leads
to an increase in the Pyk2 mRNA levels by
real-time PCR:

Discussion

We observed that whether the treatment with 5-azaCdR or/and TSA in the gastric cancer cells led to a
demethylation of the Pyk2 gene promoter and an increase
in its gene transcription by real-time PCR, we used
GAPDH as internal control.13 First, we observed the
mRNA expression of Pyk2 and GAPDH in three cell
lines: GES-1, MGC-803, BGC-823 by real-time PCR. The
expression of Pyk2 is almost the same and at a low level,
and mRNA of GAPDH of three cell lines was the same
too. After being treated with DAC/TSA, the expression
of Pyk2 mRNA increased, and the mRNA expression
of GAPDH was still the same. In detail, we found the

The methylation of DNA has been the focus for a long
time. It is one of the important regulatory mechanisms
of epigenomics. DNA is methylated only at cytosines
located 5’ to guanosine in the CpG dinucleotide, and
DNA methylation of CpG sites in the promoter regions
of genes is a frequent acquired epigenetic event in the
pathogenesis of many human cancers.14 This modification
has important regulatory effect by causing loss of gene
expression, when there is involvement of CpG-rich
area known as CpG islands. Promoter region DNA
methylation is acquired during tumorigenesis but is not
normally present in non-tumor tissue. DNA methylation
may provide an alternative pathway to gene deletion or
mutation for the loss of tumor suppressor gene function.
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Aberrant promoter methylation has been described for
several genes in various malignancies,15,16,17,18 and the
spectrum of genes involved suggests that specific tumors
may have their own distinct pattern of methylation. XiaoLi Xu et al15 detected 31 genes might correlate with CRC,
and found several genes that contributed to colorectal
carcinogenesis. Gyeong Hoon Kang et al16 found aberrant
CpG island hypermethylationo occurred in early stages
and tended to increase along the multistep gastric
carcinogenesis. Chang Do Jee et al19 found GPX3, GPX1,
IGFBP6 and other genes were methylated in gastric
cancer. Yu J et al20 found methylation of protocadherin
10 was associated with poor prognosis in patients with
gastric cancer. So far, the aberrant methylations of antioncogene Pyk2 (proline-rich tyrosine kinase 2) haven’t
been reported.
In our study, we detected the aberrant methylation of
8 CCGG sites of Pyk2 gene promoter region in human
gastric epithelial cell line GES-1 and human gastric cancer
cell lines MGC-803 and BGC-823 using enzyme-shearing
PCR. We chose the CCGG site from the CpG Island.
From the result of enzyme-shearing PCR, we detected
six of the eight sites were methylated in human gastric
cancer cell and only one site was methylated in human
gastric epithelial cell. There is difference between gastric
epithelial cell and gastric cancer cell. Secondly we used
MSP to study the overall methylation status of DNA
promoter region of Pyk2. In 55 resected tumor tissues from
patients and their corresponding normal tissue, we found
19 methylations in tumor tissues (34.5%) and only one

methylaiton in normal tissue (1.82%). There is significant
difference between these two kinds of tissue. Furthermore,
we couldn’t find any correlation between patient’s
methylation situation and their clinicopathological
characteristics including TNM stage, histological subtype
and survival time. Methylation rate of Pyk2 is not very
high and can’t be a useful biomedical marker in gastric
cancer. So we suspected that metylation of Pyk2 could
only play a role in the oncogenesis of gastric cancer and
does not act in its development and tumor differentiation.
Besides, we treated the gastric epithelial cell line GES-1
and human gastric cancer lines MGC-803 and BGC-823
with DAC and/or TSA to demonstrate a direct relation
between the methylation status of the Pyk2 promoter to
Pyk2 mRNA in the purpose of finding a target for the
demethylation drug which could increase the expression
of anti-oncogene in cancer cells. We used real-time PCR
to detect the change of Pyk2 expression before and after
the use of drugs. From the result, a proportional increase
in the mRNA expression was observed with a similar
level of demethylation of the Pyk2 promoter. In detail,
the combination of DAC and TSA is more obvious than
using DAC alone, and the use of TSA almost didn’t work.
In conclusion, our study about methylation of Pyk2
in primary resected gastric cancer tissue shows high
frequency of methylation in a large collection of samples
and demonstrates that methylation may be a common
mechanism to inactivate cancer-related genes in gastric
cancer. But our research indicates that the Pyk2 gene
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methylation profile in gastric cancers doesn’t correlate
with clinicopathological features and can’t be a potential
new biomarker for the prognosis of gastric cancer patients.
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