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Abstract 

BACKGROUND: Gastric cancer is one of the most important health issues in the world. Considering the lack of 

plenty of pre-awarenesses, the survival of gastric cancer is still quite disappointing. Methylation of PAX5 gene 
promoter is observed in most cancer cells of a human. A study has shown that PAX5 is a new tumoral suppressor 
in gastric cancer and methylation of the PAX5 promoter is associated with the survival rate of gastric cancer.  

AIM: The present research seeks to study the expression rate and methylation of the PAX5 gene in the blood of 
patients who have gastric cancer to be used as a biomarker in this type of cancer. 

MATERIAL AND METHODS: Real-time PCR technique was used to assess expression of PAX5 gene, while the 
methylation status of PAX5 gene promoter in the blood samples of people who have gastric cancer versus blood 
samples obtained from normal Iranian population was studied using MS PCR technique. 

RESULTS: The final results pointed to the fact that expression of PAX5 in blood samples obtained from those 
who have gastric cancer is much less than what is observed in normal blood samples. A significant correlation 
was also observed between expression of this gene and age and promoter methylation rate. The results of 
methylation also indicated that 28% of PAX5 gene promoters among patients were methylated, while all normal 
samples were non-methylated.  

CONCLUSION: Studying the decrease observed in PAX5 gene expression and the rise in promoter methylation 
can be utilised as a biomarker to enhance pre-awareness of gastric cancer. 

 

 
 
 
 
 
 
 

 

Introduction 

 

Gastric cancer is the result of cancer cell 
formation on the interior lining of the stomach [1]. The 
most common form of this cancer is known as 
Adenocarcinoma [2]. Throughout the world, the gastric 
cancer is the fifth main cause of cancer and the third 
major reason for death [3]. Lack of pre-awareness 
factors and proper diagnosis are the main problems in 
treating gastric cancer [3]. PAX genes (paired box) 
are a family of genes encoding tissue-specific 
transcription factors that play a major role in adjusting 
developmental and evolutional programs [4]. Pax1, 
Pax2, Pax3, Pax4, Pax5, Pax6, Pax7, Pax8, and Pax9 
are the members of PAX gene. PAX5 gene encodes a 

family of transcription factors that regulate 
development that play a major and central role in cell 
differentiation and tissue development [4]. 
Inappropriate expression of PAX5 has been reported 
in various types of human tumours [4]. Researchers 
believe that inappropriate expression of PAX5 
contributes to Carcinogenesis and malignant 
progression of human cancers such as gastric cancer 
[5]. PAX5 suppression is closely linked with the 
hypermethylation status of the promoter, and it can be 
reconstructed through demethylation treatments [6]. 
By knocking down PAX5 trough short hairpin RNA’s, 
the survivability and reproducibility of cells rise [5]. As 
a result, PAX5 is a useful tumour suppressor in gastric 
carcinoma and diagnosis of methylated PAX5 can be 
considered an independent pre-awareness factor in 
gastric cancer.  
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The present research seeks to study the 
expression rate and methylation of PAX5 gene in the 
blood of individuals who have gastric cancer and 
compare it against normal blood samples and study 
their role as pre-awareness and diagonal factors in 
gastric cancer. We also seek to study the possible link 
between changes in the expression of this gene and 
gender, age, and methylation status.  

 

 

Materials and Method 

 

As many as 70 venous blood samples (35 
healthy samples and 35 samples obtained from those 
with gastric cancer) were obtained from Masoud 
medical diagnostic laboratory in Tehran, Iran. 18 
samples were females, and 52 samples were males.  

With due observation of the standard protocol 
of the kit, RNA extraction kit made by Sinagen Iran 
Co. (MR7713C) was used to extract Total RNA. Then 
the quality of purified RNA was studied using a 
spectrophotometer, and the optical absorption 
difference of 260 to 280 was taken into consideration. 
To synthesise cDNA, dNTP 10 Mm (1 μl), Random 
Hexamer (40 Mm) (1 μl), and Oligo dt (1 μl) obtained 
from Sinagen Co. and, finally, 10 μl purified RNA was 
added to the microtube. The resulting mixture was 

exposed to a temperature of 65℃ for 5 minutes; then 
it was exposed to a temperature of 4℃ for 1 minute. 
Next, MMULV 10 X buffer (2 μl) and MMULV (200 
U/μl) (0.5 μl) were added to this tube, and the total 
volume was increased to 20 μl using DEPC water. 
The tube was exposed to a temperature of 42℃ for 1 
hour, and then it was exposed to a temperature of 

80℃ for 5 minutes.  

To conduct SYBR Green-based Real-Time 
PCR on cDNA samples, the required primers for 
PAX5 and GAPDH gene (as internal controls) were 
designed using the sequences that exist in NCBI and 
using Annealing Primer Express software. The results 
are presented in Table 1. 

Table 1: The primers used in our research 

Primer Sequence Tm℃ Amplicon 
size(bp) 

PAX5 (F) GGACCAGCAGGACAGGTATT 59.02 118bp 
PAX5 (R) TTGGCGTTTATATTCAGCGA 59.31 118bp 
GAPDH (F) ATGGAGAAGGCTGGGGCT 62.05 124bp 
GAPDH (R) ATCTTGAGGCTGTTGTCATACTTCTC 61.62 124bp 

 

The reaction mixture consisted of 10 μl 
master mix obtained from Sinagen Co., 1 μl gene 
sample, 0.5 μl forward primer (0.4 millimolar), 0.5 μl 
reverse primer (0.4 millimolar) and 8 μl distilled water. 
The following temperature was required in this 

experiment: 95℃ (1 cycle lasting 10 minutes), 95℃ 
(40 cycles each lasting 15 seconds), 58℃ (1 minute) 
for PAX5 and 59℃ (1 minute) for GAPDH gene. 
Finally, the analysis of the data resulting from Real-

time PCR was conducted based on the threshold 
cycle obtained for the target and reference genes. To 
study the specificity of primers and make sure about 
the proliferation of exclusive components, separate 
melting curve graphs were drawn for PAX5 and 
GAPDH genes using Step One Real-Time PCR 
Systems-Applied Biosystems. The RQ of samples 
were calculated by the device, and the chart of results 
was drawn by Graph pad software (P-value < 0.0001). 

To study the presence of CPG islands in 
PAX5 gene promoter and its effect on gastric cancer, 
methylation-specific PCR (MS PCR) technique was 
used. Using DNA extraction kit made by Sinagen Co. 
(DN8118C) and the standard protocol of the kit, the 
genomic DNA was extracted from the blood of 
participants. The kit made by Thermo Scientific Co. 
(EPIJET BISULFITE CONVERSION K1461) was used 
to modify DNA. Two pairs of primers were designed 
for MS PCR reaction. One pair was used for the areas 
containing methylated cytosines beginning with G, 
and the other pair was used for non-methylated 
cytosines beginning with A (Table 2). 

Table 2: The primers designed for methylated and non-
methylated areas in MS PCR reaction 

Amplicon 
Size(bp) 

Tm℃ Sequence 
 

Primer 
 

bp 250 63 TTCGCGTATAGCGTAGAGGGTCG PAX5 MET (F) 
bp 250 62/2 AAACGTAACGAACCCGACCCG PAX5 MET (R) 
bp 250 54/7 TTTGTGTATAGTGTAGAGGGTTG PAX5 UNMET (F) 
bp 250 52/8 AAATGTAATGAACCTGACCTG PAX5 UNMET (R) 

 

MS PCR reaction was carried out by adding 
12 μl master mix, 1 μl forward primer (0.4 millimolar), 
1 μl of reverse primer (0.4 millimolar), 2 μl of modified 
DNA sample (10 ng), and 9 μl of distilled water to the 
microtube. The following plan was defined for 

reaction: exposure to a temperature of 93℃ for 3 
minutes for the initial denaturation, forty 30-second 
cycles of exposure to a temperature of 93℃, exposure 

to a temperature of 66℃ for 30 seconds, exposure to 

a temperature of 72℃ for 30 seconds, and, finally, 

exposure to a temperature of 72℃ for 5 minutes. To 
validate the product of PCR reaction, as much as 10 
μl of it was run in 1% Agarose gel. 

 

 

Results 

 

A group of 39 samples belonged to people 
older than 50 years old, while the remaining 31 
samples were obtained from people younger than 50.  

Having extracted the RNA, the quality of 
extracted RNA was reported 1.7 by comparing the 
wavelength of 260 to 280. 

Normal samples are used as references to 
compare changes in the expression rate of each gene 
compared to ill samples (Figure 1 and 2). 
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a)  

b)  

Figure 1: The linear curve of PAX5 gene proliferation in healthy and 
ill samples (a); the linear curve of GAPDH gene proliferation in 
healthy and ill samples (b) 

 

The expression rate of sick samples was 
compared against normal samples. The results 
represent the expression of the same gene compared 
to what was observed in the blood of normal people 
(Figure 3). 

A)  

B)  

Figure 2: PAX5 gene melting curve in normal and sick samples A); 
GAPDH gene melting curve in normal and sick samples B) 

 

Figure 3: An analysis of PAX5 gene expression in sick samples 
compared to controls (P-value < 0.0001) 

 

As the chart shows, most samples obtained 
from patients indicate less expression compared to 
normal samples. The normal samples are based upon 
the analysis made by the device, and all samples are 
compared against the normal samples. The least 
expression rates are observed in number 2, 4, 5, 7, 8, 
11, 13, 18, 20, 21, 22, 26, 28, 31, 33, and 35 samples. 
As it is expected from PAX5 as a tumour suppressor 
in gastric cancer, the average expression of this rate 
in normal samples is more than all samples.  

Further analysis showed that the mean 
expression rate of the PAX5 gene among patients is 
less than what is observed among normal 
participants. What this means for patients is 0.2, while 
it was 0.55 among normal people. The greater 
expression may vary based upon gender, age, and 
methylation status (P-value = 0.0378) (Figure 4). 

 

Figure 4: Mean expression of PAX5 gene in among patients and 
normal participants (P-value = 0.0378) 

 

An analysis of results has shown that the 
mean expression rate of PAX5 gene among patients 
compared to normal participants younger than 50 
years old is 1.44, while this value for those older than 
50 years old was 0.54 (P-value = 0.0159) (Figure 5). 

 

Figure 5: Mean expression rate of the PAX5 gene based upon age 
(P-value = 0.0159) 
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The mean expression rate of PAX5 gene 
among male patients has been much more than what 
was observed among the female peers. This average 
of RQ among men was 73%, while it was 66.8% 
among women. We may conclude that the expression 
rate of PAX5 among male patients was much more 
than what was observed among female patients (P-
value=0.8721) (Figure 6). 

 

 

Figure 6: Mean RQ of PAX5 gene based upon gender (P-value = 
0.8721) 

 

By conducting MS PCR using methylated 
primers on 70 samples to study the methylation status 
of PAX5 gene promoter, the band was observed in 4, 
5, 31, 33, 34, 35, 39, 41, 43, 48 that it indicates 
methylation of PAX5 gene promoter in these samples. 
The band sizes are in the range of 250 bp (Figure 7). 

 

Figure 7: A sample of MS PCR results using methylated primers. 
Presence of bands with the size of 250 bp indicates methylation of 
PAX5 gene promoter 

 

By conducting MS PCR using non-methylated 
primers on 70 samples to study the methylation status 
of PAX5 gene promoter, the band was observed in 60 
samples out of 70 samples which points to the fact 
that PAX5 gene promoter is non-methylated in these 
samples (Figure 8).  

 

Figure 8: A sample of the results of MS PCR using non-methylated 
primers. Presence of bands with a size of 250 bp indicates the fact 
that PAX5 gene promoter is non-methylated 

 

Considering the results of MS PCR test for 
PAX5 gene, it was shown that only 10 DNA samples 
(of the whole 35 DNA samples) of patients are 
methylated (28%) but all normal samples are non-
methylated. Consequently, 28% of samples for PAX5 
gene promoter are methylated. The average 
expression rate of the PAX5 gene in non-methylated 
samples was 99%, while this value in methylated 
samples is 17%. As a result, the mean expression 
rate of the PAX5 gene in non-methylated samples is 
higher than methylated samples (Figure 9).  

 

Figure 9: Mean RQ of the PAX5 gene based upon methylation 
status (P-value = 0.0409) 

 

The P-values obtained through analysis of 
changes in expression of PAX5 gene based upon 
gender, age, and methylation status are 0.8721, 
0.0159, and 0.0409 which are respectively 
insignificant, significant and significant. As a result, no 
significant correlation is observed between less 
expression of PAX5 and gender, but the correlation 
between less expression of PAX5 and age and level 
of promoter methylation is significant. 
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Discussion 

 

Gastric cancer is still the second and the most 
common reason of death caused by cancer 
throughout the world [6]. In Iran, gastric cancer has 
the greatest prevalence of all cancers among men [7]. 
Various transcriptional and regulatory factors that play 
a tumor suppressive role have been diagnosed in 
gastric cancer. For instance, PAX transcription factor 
has been diagnosed as a tumor suppressor in gastric 
cancer [8]. Other researches have pointed to the little 
or no expression of PAX5 in human cancers which 
shows PAX5 may act as a potential tumor suppressor 
in carcinogenesis [8]. Many researches have reported 
that methylation of the DNA promoter of PAX5 gene 
will result in the shutdown of PAX5 diagnosed in 
several malignancies [9]. PAX5 has recently been 
used in diagnostic predictions of gastric cancer [10]. 
Using PCR technique for proliferation of methylated 
areas, Palmisano et al showed that activation of PAX5 
gene can help neoplastic development by suppressing 
growth regulators through affecting expression of 
CD19 gene [11]. They suggested that PAX5 gene 
methylation is observed in tumors and their 
surrounding tissues and rarely in natural epithelial 
cells (assessments confirm them as intermediate 
markers in breast and lung cancers used to improve 
sensitivity and exclusiveness for development of risk 
models in order to diagnose these types of cancer) 
[11]. Using MSPCR technique and bisulfate genomic 
sequence, Liu et al., (2011) showed that PAX5 is a 
functional tumor-suppressing gene and plays a major 
role in liver carcinogenesis by direct regulation of P53 
signaling path which is usually deactivated through 
promoter methylation in Primary hepatocellular 
carcinoma tissues [12]. Using genome-wide 
methylation screening, Li et al., (2012) reported that 
suppression PAX5 is closely associated with promoter 
hypermethylation and improper expression of PAX5 in 
the shutdown cell lines of GC (AGS, BGC823) 
suppresses formation of colony and survivability of 
cells, stops cell cycle, induces apoptosis, suppresses 
cell immigration and invasion, and suppresses 
tumorigenesis in NUDE mice [13]. Using real-time 
PCR technique, a study was conducted by Liu et al 
and the results showed that PAX5 is suppressed or 
shut down in most HCC cell lines and primary tumors 
[12]. In 2014, Deng et al studied the expression and 
methylation of PAX5 gene in gastric tumor tissue and 
normal tissue for the first time. According to this 
research, mRNA expression of PAX5 gene was 
diagnosed in 25 cancerous tissues of the stomach (of 
the whole 460 cancerous tissues) and 25 healthy 
mucosal gastric tissues through RT-PCR techniques 
[14]. Important differences in mRNA expression of 
PAX5 gene were found in 25 cancerous gastric 
tissues. The mean value of the relative expression of 
mRNA in PAX5 gene in 25 cancerous gastric tissues 
was 0.836 ± 0.357, while the mean value of the 
relative expression of mRNA in PAX5 gene in 25 

normal gastric mucosal tissues was 1.759 ± 0.821. 
The mean value of the relative expression of mRNA in 
PAX5 gene in 25 cancerous gastric tissues was less 
than the 25 normal gastric mucosal tissues [14]. 
Considering the importance of PAX5 gene, the 
present research studied expression of this gene in 
the blood samples of people suffering from gastric 
cancer in Iranian population. This is the first 
comprehensive research which presents statistical 
data of PAX5 gene expression in the blood samples 
obtained from people suffering from gastric cancer in 
Iran. Using Real-Time PCR technique, the expression 
of this gene was compared accurately across the 
healthy participants and patients. Contrary to other 
studies and further to investigating the expression rate 
of PAX5 gene, the present research studied the 
methylation rate of PAX5 gene promoter and the 
correlation between methylation level and PAX5 gene 
expression simultaneously. As the data resulting from 
this research indicate, the expression rate of PAX5 in 
the blood samples obtained from patients is less than 
what is observed in normal samples. This data is in 
line with the results of a research by Deng et al., 
indicating that PAX5 gene in gastric cancer acts as a 
tumor-suppressing gene plus less expression of PAX5 
gene in tumor samples obtained from stomach [14]. A 
review of methylation status of PAX5 gene promoter 
showed that 28% of the DNA obtained from patients is 
methylated and all normal samples were non-
methylated. These results are in line with the results 
of researches conducted on tumor samples of gastric 
tissue [15]. What’s more, there is a significant 
correlation between the mean expression rate of 
PAX5 and age and methylation status of promoter; 
however, no significant correlation was observed 
between average expression rate of PAX5 gene and 
gender. All these researches were conducted on 
paraffined tissue samples; however, gastric cancer is 
not usually diagnosable in its early phases.  

As a result, studying the expression and 
methylation of the PAX5 gene in the blood of people 
who have gastric cancer shortly can be used as a 
diagnostic biomarker for gastric cancer.  

 

 

References 

 

1. Alberts SR, Cervantes A, Van de Velde CJ. Gastric cancer: 
epidemiology, pathology and treatment. Annals of oncology. 2003; 
14(Suppl 2):ii31-6. https://doi.org/10.1093/annonc/mdg726 
PMid:12810455  

2. Alemán JO, Eusebi LH, Ricciardiello L, Patidar K, Sanyal AJ, 
Holt PR. Mechanisms of obesity-induced gastrointestinal 
neoplasia. Gastroenterology. 2014; 146(2):357-73. 
https://doi.org/10.1053/j.gastro.2013.11.051 PMid:24315827 
PMCid:PMC3978703 

 

3. Foroutan M, Rahimi N, Tabatabaeifar M, Darvishi M, Hashemi 
M, Hossein-panah F, et al. Clinical features of colorectal cancer in 
Iran: A 15-year review. J Dig Dis. 2008; 9(4):225-227. 
https://doi.org/10.1111/j.1751-2980.2008.00351.x PMid:18959595  

 

https://doi.org/10.1093/annonc/mdg726
https://doi.org/10.1053/j.gastro.2013.11.051
https://doi.org/10.1111/j.1751-2980.2008.00351.x


Basic Science  
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

1576                                                                                                                                                                                              https://www.id-press.eu/mjms/index 

 

4. Balasenthil S, Gururaj AE, Talukder AH, Bagheri-Yarmand R, 
Arrington T, Haas BJ, Braisted JC, Kim I, Lee NH, Kumar R. 
Identification of Pax5 as a target of MTA1 in B-cell lymphomas. 
Cancer Research. 2007; 67(15):7132-8. 
https://doi.org/10.1158/0008-5472.CAN-07-0750 PMid:17671180  

 

5. Beales IL, Hensley A, Loke Y. Reduced esophageal cancer 
incidence in statin users, particularly with cyclo-oxygenase 
inhibition. World J Gastrointest Pharmacol Ther. 2013; 4(3):69-79. 
https://doi.org/10.4292/wjgpt.v4.i3.69 PMid:23919219 
PMCid:PMC3729870 

 

6. Beliën JA, Buffart TE, Gill AJ, Broeckaert MA, Quirke P, Meijer 
GA, Grabsch H. Gross genomic damage measured by DNA image 
cytometry independently predicts clinical outcome in gastric 
cancer. DNA copy number profiling of gastric cancer and its clinical 
implications. 2008:179. 

 

7. Derakhshan MH, Malekzadeh R, Watabe H, Yazdanbod A, Fyfe 
V, Kazemi A, Rakhshani N, Didevar R, Sotoudeh M, Zolfeghari AA, 
McColl KE. Combination of gastric atrophy, reflux symptoms and 
histological subtype indicates two distinct aetiologies of gastric 
cardia cancer. Gut. 2008; 57(3):298-305. 
https://doi.org/10.1136/gut.2007.137364 PMid:17965056  

 

8. Chen FL, Wang XZ, Li JY, Yu JP, Huang CY, Chen ZX. 12-
lipoxygenase induces apoptosis of human gastric cancer AGS cells 
via the ERK1/2 signal pathway. Digestive diseases and sciences. 
2008; 53(1):181-7. https://doi.org/10.1007/s10620-007-9841-1 
PMid:17522976  

 

9. Cheng D, Hao Y, Zhou W, Ma Y. Positive association between 
Interleukin-8-251A> T polymorphism and susceptibility to gastric 
carcinogenesis: a meta-analysis. Cancer cell international. 2013; 
13(1):100. https://doi.org/10.1186/1475-2867-13-100 
PMid:24143859 PMCid:PMC3854499 

 

10. Chi N, Epstein JA. Getting your Pax straight: Pax proteins in 
 

development and disease. TRENDS in Genetics. 2002; 18(1):41-7. 
https://doi.org/10.1016/S0168-9525(01)02594-X 

11. Palmisano WA, Crume KP, Grimes MJ, Winters SA, Toyota M, 
Esteller M, Joste N, Baylin SB, Belinsky SA. Aberrant promoter 
methylation of the transcription factor genes PAX5 α and β in 
human cancers. Cancer research. 2003; 63(15):4620-5. 
PMid:12907641  

 

12. Liu C, Jiang Z, Deng QX, Zhao YN. Meta-analysis of 
association studies of CYP1A1 genetic polymorphisms with 
digestive tract cancer susceptibility in Chinese. Asian Pacific 
journal of cancer prevention: APJCP. 2014; 15(11):4689-95. 
https://doi.org/10.7314/APJCP.2014.15.11.4689 PMid:24969905  

 

13. Li L, Ying J, Tong X, Zhong L, Su X, Xiang T, Shu X, Rong R, 
Xiong L, Li H, Chan AT. Epigenetic identification of receptor 
tyrosine kinase-like orphan receptor 2 as a functional tumor 
suppressor inhibiting β-catenin and AKT signaling but frequently 
methylated in common carcinomas. Cellular and molecular life 
sciences. 2014; 71(11):2179-92. https://doi.org/10.1007/s00018-
013-1485-z PMid:24158497  

 

14. Deng J, Liang H, Zhang R, Dong Q, Hou Y, Yu J, Fan D, Hao 
X. Applicability of the methylated CpG sites of paired box 5 (PAX5) 
promoter for prediction the prognosis of gastric cancer. Oncotarget. 
2014; 5(17):7420. https://doi.org/10.18632/oncotarget.1973 
PMid:25277182 PMCid:PMC4202133 

 

15. Dong X, Wu J, Liang P, Li J, Yuan L, Liu X. 
Methylenetetrahydrofolate reductase C677T and A1298C 
polymorphisms and gastric cancer: a meta-analysis. Archives of 
medical research. 2010; 41(2):125-33. 
https://doi.org/10.1016/j.arcmed.2010.01.001 PMid:20470942  

 

 

https://doi.org/10.1158/0008-5472.CAN-07-0750
https://doi.org/10.4292/wjgpt.v4.i3.69
https://doi.org/10.1136/gut.2007.137364
https://doi.org/10.1007/s10620-007-9841-1
https://doi.org/10.1186/1475-2867-13-100
https://doi.org/10.1016/S0168-9525(01)02594-X
https://doi.org/10.7314/APJCP.2014.15.11.4689
https://doi.org/10.1007/s00018-013-1485-z
https://doi.org/10.1007/s00018-013-1485-z
https://doi.org/10.18632/oncotarget.1973
https://doi.org/10.1016/j.arcmed.2010.01.001

