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Study the expression rate and methylation of TIMP-3 gene in the blood 
samples of people suffering from gastric cancer 

Abstract.TIMPs inhibit the necrosis factor converting enzyme of alpha tumor and induce planned cellular death. Methylation 
in TIMP3 promoter would cause tumor progress in cancer. The present research seeks to study the expression rate and 
methylation of the TIMP3 gene in the blood of individuals who have gastric cancer.
 The present research uses MS PCR and Real-time PCR to study the expression rate and methylation of the TIMP3 gene, 
which has recently attracted much attention in gastric cancer. In this research, we have compared the blood samples of 
those with gastric cancer and ordinary people among Iranian patients. The expression rate of TIMP3 in the blood samples 
obtained from those who have gastric cancer has decreased significantly compared to the blood samples obtained from 
ordinary people. A significant correlation was also observed between the ex-pression rate of this gene, age and methylation 
in gastric cancer. Methylation and expression levels of the TIMP3 gene were statistically significant in patient samples 
compared to healthy subjects, and decreased methylation and increased expression of this gene in healthy individuals 
indicated the role of altered gene expression in gastric cancer.
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Gastric cancer is one of the most common types 
among men and women, with no apparent cause. Gastric 
cancer is caused by the uncontrolled growth of malignant 
cells in the stomach over a long period, but it has no symp-
toms in its initial phases. That is the reason why its diagno-
sis is challenging 1. Tissue inhibitors of metalloproteinases 
(TIMPs) are the only Matrix metalloproteinases (MMPs) 
inhibitors that control their activities. By consolidating tu-
mor necrosis factor (TNF) alpha in cells, TIMPs inhibit the 
necrosis factor of alpha tumors and induce planned cellular 
death 2. The TIMP family has the following four members 
in all mammals: TIMP1, TIMP2, TIMP3, and TIMP4. Of all 
TIMPs, TIMP3 possesses the most extensive inhibition 
range 3. TIMP3 has an independent angiogenesis activi-
ty compared to its inhibition for MMPs 4. TIMP3 is directly 
connected to the VEGF receptor and blocks VEGF activity 
by connecting with the VEGF-2 receptor in endothelial cells 
5. Thus by preventing interstitial matrix damage or by inhib-
iting VEGF connection to the VEGF receptor, the TIMP3 
gene inhibits angiogenesis tumor development and inva-
sion and malignancy 6, 7. As a result, disabling the TIMP3 
gene through methylation may play a significant role in the 
invasion and development of tumors in cancer (8). Although 
carrying out research to identify inherited markers prone 
to cancer is essential for better managing this disease, in-
vestigating methylation and expression of the TIMP3 gene 
and its correlation with cancer have not been thoroughly 
studied. 

It was the first time that correlation between expres-
sion rate and methylation of TIMP3 gene was evaluated in 
Iranian samples with gastric cancer, and the result of this 
study is significant for the Iranian epigenetic population 
study. 

MATERIALS AND METHODS

Research design
A case-control study was performed at the Department of 

Biology (Islamic Azad University), Tehran, Iran, between 
January 2017 and January 2018.
 Study subjects

In this research, as many as 50 venous blood sam-
ples (25 healthy cases and 25 cases with gastric cancer 5 
ml from each sample) were obtained from Masoud Medical 
Diagnostic Laboratory of Tehran. 

Laboratory analysis

RNA extraction and cDNA synthesis
Following the standard protocol specified in the kit, 

the RNA extraction kit of Sinagen Co(Cat No: PR891620). 
(Iran) was used for RNA Total extraction. To synthesize 
cDNA, 1μl dNTP 10Mm, 1μl Random Hexamer (40Mm) and 
1μl Oligo dt purchased from Sinagen Co. and 10μl purified 
RNA was added to the microtube. The microtube was first 
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exposed to a temperature of 65 ℃ for 5 minutes; then, it was 
heated to 4 ℃ for 1 minute. Next, 2μl MMULV 10X buffer 
and 0.5μl MMULV (200U/ μl) was added to the tube. Then, 
DEPC water was used to increase the total volume to 20μl. 
The tube was then exposed to a temperature of 42 ℃ for 
1 hour. In this research, we used glyceraldehyde-3-phos-
phate dehydrogenase as an internal control. 

Real-Time PCR
The proliferation of Timp3 and GAPDH genes to 

measure gene expression by Real-Time PCR was relative-
ly based on the standard method. The reaction tube con-
tained 10μl SYBR TM(2X) Master Mix, 0.5μl Primer (10μM) 
Forward, 0.5μl Reverse Primer (10μM), 2μl RT Reaction 
Solution (cDNA), and 7μl dH2O, and the final volume was 
20μl. Primer Express designed the sequence of primers 
used for Timp3 and GAPDH genes, then its accuracy and 
specificity were confirmed using NCBI and Gene Runner. 
The designed primers are presented in (Table 1). Real-time 
PCR was repeated three times for each sample so that the 
results may have high accuracy and precision. The follow-
ing thermal program was defined for PCR reaction: one cy-
cle of exposure to a temperature of 95OC for 10 seconds, 5 
seconds of exposure to a temperature of 95 OC , and 45 cy-
cles of exposure to a temperature of 60 OC  for 34 seconds.

Table 1.  Sequence and properties of specific primers of Re-
al-Time PCR.

To study the specificity of primers and fluorescence 
color (cyber green) to ensure the proliferation of exclusive 
pieces and check for the absence of non-exclusive pieces in 
PCR product, melting curve graphs were drawn separately 
for timp3 and GAPDH genes (by PCR Real-time ABI 7500). 
After the proliferation reaction, the ct of samples was calcu-
lated by machines and converted to RQ (Relative Quantifi-
cation). Gene expression rate was measured using the Ct 
method. 

Genomic DNA extraction
DNG kit made by Sinagen Co (Cat No: DN8118C). 

(Iran) was used to extract genomic DNA due to the standard 
protocol accompanying it. The extraction product was run on 
1% agarose gel for verification. 

DNA methylation reaction was carried out using the 
K1461 kit (Thermo Scientific) with due observation of the 
standard protocol in the kit. 

MS PCR reaction
MSPCR reaction was carried out by adding 12.5μl 2x 

master, 1μl forward primer, 1μl reverse primer, and 8.5μl dis-
tilled water to the microtube in a total volume of 25μl. The 
primers used for this reaction are presented in (Table 2). The 
following thermal program was defined: initial denaturation 
in a temperature of 93 OC for 3 minutes and then 93 OC for 
30 seconds, the annealing temperature of 54.4OC for 30 sec-
onds, and extension in a temperature of 72 OC for 40 sec-
onds in 35 cycles. In the end, the final extension was carried 
out at a temperature of 72 OC for 5 minutes. Finally, MS PCR 
results were run on 1% agarose gel.

Statistical analysis
The statistical methods were performed using SPSS 

software (version 18.0; SPSS Inc, Chicago, IL, USA) by us-
ing t-test, one-way and two-way ANOVA analysis. A p<0.05 
was considered to indicate statistical significance.

Ethical clearance:
The Research Committee has approved the study at 

the Islamic Azad University, Tehran. 28330522941004 All 
subjects were informed of the study protocol in written and 
verbal form and provided written informed consent.

Table 2.  Sequence of methylated and non-methylated pri-
mers used in MS PCR(12)

RNA extraction and Real-Time PCR

Eppendorf spectrophotometry machine was used to 
confirm the light absorption results of RNA extracted so that 
they could be used in the cDNA synthesis phase in 260 and 
280 wavelengths with 1.7 to 1.9 densities. The real-time 
PCR reaction was carried out on both normal and sick sam-
ples. The normal sample was used as a reference sample 
to compare changes between patients. (Figures 1A & 1B) 
represent Timp3 and GAPDH gene proliferation curves in 
healthy and ill samples.

The expression rate of sick samples was compared against 
standard models. The results represent the expression 
of the same gene compared to what was observed in the 
blood of ordinary people (Figure 2).

The results of the expression rate of the TIMP3 
gene and the RQ graph analysis of samples studied for the 
TIMP3 gene indicate a reduction in this gene expression in 
all samples obtained from sick subjects compared to the 
standard sample in figure 3A. The mean expression rate of 
this gene in standard samples is much more than what was 
recorded for all samples. 

Considering analysis of mean RQ of normal and ill 
samples in figure 3 B. (1.800 and 0.4962 respectively), we 
can see that the expression rate among normal individu-
als has increased significantly compared to ill samples be-
cause Timp3 gene is active in the body as a suppressor and 
reducing a tumor inhibitor may cause a disease. 

A review of the results of the expression rate of the 
TIMP3 gene based upon age (chart 2A) points to the fact 
that the mean RQ among patients compared to normal 
subjects is 0.5451 for those younger than 53 and 1.083 for 
those older than 53. This classification is done without con-
sidering disease stages and people’s gender. It is done only 
based on age (with a significant difference). 

The results of reviewing the expression rate of TIMP3 
gene-based upon gender and mean RQ among men and 
comparing it against female patients yields 0.8942 and 
0.7343, and this rate is much less among women than what 
we see among men (no significant difference was found in 
this comparison) (Figure 5).

MS PCR results using methylated and non-methylated 
primers

The results of MS PCR on methylated and non-meth-
ylated primers of TIMP3 gene (with a glance at mean RQ) 
point to the fact that of the whole 50 cases studied (25 pa-
tients and 25 normal cases), 27 cases were non-methylat-
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Figure 1. The linear curve of Timp3 gene proliferation in healthy and ill samples

Figure 2. The linear curve of GAPDH gene proliferation in healthy and ill samples

The results of reviewing the expression rate of TIMP3 
gene-based upon gender and mean RQ among men and 
comparing it against female patients yields 0.8942 and 
0.7343, and this rate is much less among women than what 
we see among men (no significant difference was found in 
this comparison) (Figure 5).

MS PCR results using methylated and non-methylated 
primers

The results of MS PCR on methylated and non-meth-
ylated primers of TIMP3 gene (with a glance at mean RQ) 
point to the fact that of the whole 50 cases studied (25 pa-
tients and 25 normal cases), 27 cases were non-methylat-

ed, and 23 were methylated. A frequency of 92% has been 
reported for methylation among patients (Figure 6). These 
results show that methylation doesn’t activate tumor re-
pressing genes, but methylation shuts them down. A reduc-
tion in expression makes the individual prone to affliction 
with the disease.

By performing MS PCR using methylated primers 
and non-methylated primers on 50 samples to study the 
methylation status of the Timp3 gene promoter, the strips 
observed in the samples in Figure 6 show the methylation 
of the Timp3 gene promoter in these samples. In Figure 7, 
we see bands in non-methylated samples. The band size in 
all samples is in the range of 250 bp.
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Figure 3. GAPDH gene melting curve in normal and patient samples A) Timp3 gene melting curve in normal and patient 
samples B)

Figure 4. A: Expression rate of TIMP3 gene based upon age (P-value = 0.0482). B) Expression rate of TIMP3 gene based 
upon gender (P-value = 0.6662)

     

Gastric cancer is the fifth most common cancer 
among all cancers, with 5.7% of all new cases attribut-
able to the disease. Each year, over a million new cases 
of gastric cancer are diagnosed in the world. The epigen-
etic mechanism is essential for developing and preserving 
particular tissues’ gene expression patterns among natural 
mammals 9, 10. Disruptions in the epigenetic procedure may 
cause cellular malignancies in gene functioning 11. Methyl-
ation is one of such epigenetic procedures where inappro-
priate changes in DNA methylation in promoter areas would 
deactivate tumor suppressors, which play a significant role 
in tumor development. Methylation of promoter CPG is-
lands is one of the many epigenetic changes which regulate 
gene expression, and hyper-methylation of CPG islands of 
tumor-suppressing genes’ promoters has been recognized 
in many types of cancers 12, 19. Many researchers have re-
cently pointed out that the methylation of the TIMP3 gene 
promoter shuts off TIMP3, a common issue in several types 
of malignancies 13. Expression of this gene has been identi-
fied in response to induced Mitogenic stimulations, and this 
gene is the only member of TIMP’s family that can connect 
to the extracellular matrix 14,15. Improper rise of methylation 
in the adjusting area of TIMP’s family gene, particularly the 
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Figure 5.  Mean RQ of Timp3 gene based upon gender 
(P-value = 0.0492)

Figure 6.  A sample of MS PCR results using methylated 
primers. The presence of bands with the size of 250 bp indi-
cates methylation of Timp3 gene promoter (Most methylated 
samples were patients)

Figure 8.  A sample of the results of MS PCR using 
non-methylated primers. The presence of bands with a size 
of 250 bp indicates the fact that the Timp3 gene promoter is 
non-methylated (Most non-methylated samples were stan-

DISCUSSION

Figure 7. A sample of MS PCR results using methylated 
primers. The presence of bands with the size of 250 bp indi-
cates methylation of Timp3 gene promoter (Most methylated 
samples were patients)

TIMP3 gene, and a reduction in duplication would disrupt 
the natural performance of this gene 16. In 2019, a study 
of patients with endocrine tumors of the salivary glands 
revealed that the TIMP-3 gene had multiple mutations at 
different sites 17.

Shinojima et al. (2012), in another study, reported 
that TIMP3 was a tumor suppressor in prostate cancer, but 
epigenetic changes may interfere in the development of 
this cancer. They showed that promoter methylation was 
diagnosed in only 3% of low-grade and 21% of high-grade 
tumors 18. Guan et al. (2013) showed that CPG island’s 
methylation in the primary mechanism of TIMP3 gene ex-
pression could be a piece of evidence for diagnosing and 
measuring gastric cancer. The expression rate in 70% of 
tumor tissues was negative, and 91.4% were hyper-meth-
ylated. Thus, there is a significant correlation between hy-
per-methylation and TIMP3 expression in gastric cancer 
19. YU JL et al. (2014) showed that the expression rate of 
the TIMP3 gene among patients and normal subjects was 
34.8% and 98.9%, respectively, and the methylation rate 
among those with cancer and normal subjects was 63.04% 
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and 4.3%, respectively. Diagnosis of methylated TIMP3 in 
body fluids before operation extended the subjects’ life to 
more than 26 months than those not diagnosed with meth-
ylation 20.

Low expression of TIMP3 is correlated with infection 
and the size of the tumor, histological differentiation, lym-
phatic invasion, venous invasion, depth of invasion, and 
lymph node metastasis 21. Based on various research con-
ducted in this field, we seem to use methylated genes to 
diagnose people at high risk. Thus, scientists are currently 
paying attention to helpful tumor markers 22. Expression and 
methylation of the TIMP3 gene are molecular pre-aware-
ness markers in gastric cancer. Several characteristics 
make it a good target for treating and inhibiting gastric 
cancer 23. By increasing the expression rate of the TIMP3 
gene in the bodies of sick individuals, we may prevent the 
disease as this gene acts as a tumor suppressor, and its 
inhibition may cause the disease 24, 25. The present research 
has used the Real-Time PCR technic based upon cyber 
green to study TIMP3 gene expression, while MS PCR was 
utilized to see the methylation status of TIMP3 gene pro-
moters. 50 samples (25 normal blood samples and 25 sick 
blood samples) were studied in this statistical population. 
The individuals who provided the samples were in various 
age groups and tumor stages. As our data indicate, the ex-
pression rate of this gene in the blood samples obtained 
from patients was much less than what was observed in 
standard blood samples. This data is in line with the data 
obtained in other research indicating that the TIMP3 gene in 
gastric cancer acts as a tumor-suppressing gene and that 
the TIMP3 gene has a lower expression rate in gastric tu-
mor samples (26). Studying the methylation status of the 
TIMP3 gene promoter shows that 92% of the DNA obtained 
from patients is methylated, and all normal samples were 
non-methylated. These results align with those achieved by 
studying the tumor samples of stomach tissue. A significant 
correlation was observed between the mean expression 
rate of the TIMP3 gene and age and the methylation status 
of the promoter. Still, the correlation between the mean ex-
pression rate of the TIMP3 gene and gender was far from 
significant. Well-designed molecular and clinical examina-
tions are required to target the TIMP3 gene in treating gas-
tric cancer. The general survival of patients is the end and 
critical point that needs to be considered in examinations. In 
designing tests and confirming them, we must consider the 
response rate to treatment and survival rate. This requires 
further and authenticated investigations and studies to ap-
prove the applicability of this biomarker and its functioning 
in treatment.

Our study showed that methylation and expression 
levels of the TIMP3 gene were statistically significant in 
patient samples compared to healthy subjects, and de-
creased methylation and increased expression of this gene 
in healthy individuals indicated the role of altered gene ex-
pression in gastric cancer. Genetic diagnosis technologies 
to predict cancer have long been the focus of interest in 
many developed countries. As a result, providing a sound 
and rational solution to this issue and public awareness in 

developing countries such as Iran can be effective in reduc-
ing morbidity and mortality.
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