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ABSTRACT

Background: Gastric cancer is an invasive cancer, which is usually diagnosed in advanced stages. However,
the markers affecting its progression, and invasion are of great importance in its diagnosis and treatment. The
current research aimed to study the correlation of genes that contributed to epithelial-mesenchymal transition
(EMT), Mest1, and GjA1l, with some clinicopathological specifications in gastric cancer patients to better
comprehend the functions of these genes in this tumor.

Materials and Methods: RNA was extracted from the tumor, and normal tissues and cDNA were
synthesized. Then, by designing specific primers for Gjal and Mestl genes, their expressions were studied by
RT-PCR. The data was analyzed by GraphPad Prism 8 software.

Results: Significant differences among the expressions of mentioned genes associated with clinicopathological
variables of gastric cancer patients, including tumor size, grade, stage, metastasis, and lymphatic invasion
were seen.

Conclusion: The obtained data showed the important role of EMT-related genes, Gjal and Mestl in the
clinical progression of the tumor. Further studies with larger sample sizes are required to confirm these genes
as biomarker candidates for detecting gastric cancer.
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decreased cell adhesion followed by increased cell

INTRODUCTION

One of the most common cancer types is gastric
cancer which affects a large number of people each
year®. There is an increasing prevalence of this
disease among men, with a higher incidence among
men than women?. Diagnosis of the disease occurs
after metastasis, at an advanced stage when
symptoms are frequently absent. This significantly
diminishes the likelihood of effective treatment.
Epithelial- mesenchymal transition (EMT) is one of
the most important and necessary processes in the
metastasis process, which is associated with

migration®. Meanwhile, changes in the expression
of some genes are very important factors in EMT.
There are several studies suggesting that type | EMT
proteins and genes could have a functional role in
type Il EMT, such as FGF-10°¢. Recently, our study
indicated different expressions of VIM and
fibronectin genes in different colorectal cancer
lines, and expressions of Scinderin and Gelsolin
genes in gastric cancer’. Mesoderm-specific
transcript (MEST) is a type | EMT transcription
factor. The high expression of MEST in EMT in
breast cancer was shown via a switching promoter,
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and the involvement of this transcription factor has
been reported in EMT® ° The pseudogenes of
Mestl are located on the short arm of
chromosomes 3 and 4, as well as the long arm of
chromosomes 6 and 15. This gene is highly
expressed in the early embryo °.

The GJA gene family encodes connexin (Cx) or gap
junction proteins. These proteins act as cell
channels, connexons, and binding channels!. It was
documented that these channel structures play a
role in a variety of cellular responses that occur in
pathological states. Prior  studies have
demonstrated the involvement of the Mestl and
GJA1 genes in extracellular matrix (EMT), indicating
their potential contribution to cancer metastasis 2.
Assuming these genes are involved in the EMT, the
current research was conducted to evaluate the
relationship between the expression levels of those
genes and clinicopathological specifications in
gastric cancer patients.

MTERIALS AND METHODS

The present study was approved by the ethics
committee of Tehran University of Medical Sciences
(NO, IR.IAU.PS.REC.1397.313). The current research
was designed as a case/control study. All samples
(including 30 tumors and 30 normal adjacent fresh
frozen tissues) stored in -80°C for further
procedures and demographic, morphological, and
clinical data were recorded.

RNA Extraction and cDNA Synthesis

Cellular RNA extraction was performed using RNA
extraction kit (Sinaclon Cop, Iran) based on
manufacturer's instructions. To determine the
purity and concentration of extracted RNA, the
study made use of Nanodrop (Nanodrop
Spectrophotometr, Thermo scientific) and 1%
agarose gel electrophoresis. BioFact kit was applied
to synthesize cDNA. Thermal program included 94
°C for 4 min, 94 °C for 30s, 62 °C for 30s, and 72 °C
for 30s.
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Primer Design

B-actin gene was used as control. Primer designs for
GjA1 and Mestl genes were done using Primer3
software®>. Table 1 shows the designed primer
sequences

RT-PCR

The expression levels of the studied genes were
assessed using RT-PCR technique. In this study,
cybergreen kit (Biofact) and Real Time PCR device
(Rotor-Gene Q) were used. The final reaction
volume was 20 pl (10 pl of cybergreen, 7 ul double
distilled water, 1 pl forward primer, 1 ul reverse
primer, and 1 pl cDNA). At the end of reaction, the
melting curve of the products was plotted from 55
to 95 ° C and the presence of a specific peak point in
the curve was investigated

Statistical analyses

22T method was used to evaluate the relative
change in the expression levels of the studied
genes. Quantitative and qualitative variables were
presented as meantSD and percentage (%),
respectively. The value of delta ct was used for
comparing tumor and normal adjacent tissues. To
evaluate the significant changes in expression levels
of GjA1l and Mestl genes in tumor and normal
tissues t-test was used. The probability levels of p
<0.05 was considered statistically significant.
GraphPad Prism V.8 software (San Diego, California,
USA) was used to analyze the data.

RESULTS

Patients’ demographic, clinical, and morphological
data

Table 2 shows the demographic, clinical, and
morphological characteristics of patients.
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Table 1: The sequences of primers for GjAl, Mest1, and S-actin genes

The Expressions of MEST1 and GJA1 Genes

Genes Sequences

GjAl-F 5- TCCAGTCACCCATGTTGCC-3’
GjAl-R 5- CTGACTGCCTGAACTTGCCTT-3’
Mest1-F 5- AAGACTCTGTGGGTGTGGTT-3’
Mest1-R 5- AGGATGAGGGAGTGGTGGG-3’
B-actin-F 5'- CACCATTGGCAATGAGCGGTTC-3
[-actin-R 5- AGGTCTTTGCGGATGTCCACGT-3

Table 2: Patients’ demographic, clinical, and morphological data

Attributes Levels Patient n (%)
Age
<65 18 (64.3)
265 10 (35.7)
Stage
I 11 (36.7)
Il 8 (26.7)
I 4 (13.3)
\Y 3(10.0)
Gender
Male 23 (76.7)
Female 7 (13.3)
M stage
0 25 (83.3)
1 (13.3)
Grade
| 5(16.7)
I 15(50.0)
I 8 (26.7)
v 2 (6.7)

Mestl and GJA1 expressions in normal and tumor
cells

There was no significant difference in the
expressions of GjA1 and Mestl genes between
gastric tumor and normal adjacent samples (P>
0.05). The expression level of GjA1 gene in normal
(1.02+ 0.05) and in tumor (1.08+ 0.06) tissues did

not show a statistically significant difference.
Furthermore, the expression of Mestl gene was
0.99+3 0.03 and 1.01+ 0.04 in normal and tumor
tissues, respectively, indicating that there was no
significant difference (Figure 1).
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Figure 1: Comparing Mest1 and GjA1 gene expressions between tumor and normal tissues. ns: non-significant
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The association of Mestl and GJAl1 gene
expressions with Tumor size

The expressions of Mestl and GjA1 genes were
studied in 3 tumor groups with tumor sizes <3cm, 3-
6cm, and 26 cm. There were significant differences
in the expressions of GjAl and Mestl genes
between different tumor sizes (P <0.0001). The
higher expression of GjA1 gene was observed in
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tumors smaller than 3 ¢cm and larger than 6 cm
compared to 3-6 cm tumors. On the other hand,
Mest1 expression was lower in the tumors larger
than 6 cm, and maximum expression of Mest1 gene
was observed in 3-6 cm tumors (Figure. 2).
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Figure 2: Comparing GjAl (a) and Mest1 (b) gene expressions among gastric cancer tumors with different sizes, ****P<0.0001 "+xP<0.01

The association of Mestl and GJAl1 gene
expressions with tumor grade

The expressions of GjA1 and Mestl genes were
examined in gastric tumors with different grades.
The results are presented in Figure 3, suggesting
significant differences (P <0.0001). The highest
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expression of Mest1 gene was observed in grade |l
gastric tumor, and the lowest in grade IV. However,
the highest expression of GjAl gene with the
progression of gastric cancer was observed in grade
IV gastric cancer and the lowest in grade | (Figure 3).
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Figure 3. Comparing Mest1 and GjA1 gene expressions among different grades of gastric tumors
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The association of Mestl and GJAl1 gene
expressions with metastasis

A comparison between the expression ratio of
Mestl and GJA1 genes in normal and tumor tissues
in terms of presence or absence of metastasis is
demonstrated in Figure 6. T-test showed a
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The Expressions of MEST1 and GJA1 Genes

significant difference between two groups (P
<0.0001). The results indicated that under
metastatic conditions, the expression of GjAl
decreased while that of Mest1 increased (Figure 4).
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Figure 4. Comparing mean expression levels of GjAl (a) and Mest1 (b) genes in tumor tissues under metastatic (M1) and non-metastatic (M0)
conditions

The association of Mestl and GJAl1 gene
expressions with disease stage

The expressions of Mestl and GjAl genes were
studied based on clinical stages (I-1V). The results
indicated Mestl and GJA1 genes differently
expressed in different stages of gastric cancer (p
<0.0001). GjA1 gene overexpressed with gastric
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cancer progression and culminated in stage Il
However, it was dramatically reduced in stage IV.
On the other hand, Mestl expression decreased
with the progression of gastric cancer. Its highest
expression was observed in stage | and the lowest in
stage IV (Figure 5).
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Figure 5. Expression of GjA1l (a) and Mestl (b) genes in different stages of gastric cancer
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The association of Mestl and GJAl1 gene
expressions with lymphatic invasion

GjAl and Mestl gene expressions were compared
in terms of lymphatic invasion using t-test, and the
results showed significant differences (P <0.0001).
The GjAl gene overexpressed and led to the
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development of lymphatic invasion in the presence
of it. The Mestl gene, however, expressed itself at
its maximum level in the absence of lymphatic
invasion and reduced in the presence of it (Figure
6).
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Figure 6. Comparing the expression levels of GjAl (a) and Mest1 (b) genes in tumor tissues under the presence and absence of lymphatic

Correlational analysis

Non-significant correlations were observed among
the expressions of GjA1 and Mest1 genes in normal
(r=0.211, 95% CI=-0.3865 to 0.5564, P=0.696) and
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tumor (r=0.227, 95% Cl=-0.6334 to 0.3810, P=0.591)
tissues (Figure 7).
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Figure 7: Correlation analysis between GjAl and Mestl gene expressions in a) gastric tumor and b) normal tissues
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DISCUSSION

As far as the authors of the present study are
concerned, studies on the clinical significance of the
GJA gene are very limited. Hence, it is critical to
consider the clinical implications of this gene family
in the context of gastric cancer. Cx43 connexin,
which is abundant in gastric epithelial cells 4, is
encoded by the GJA1 gene. It is a crucial protein in
establishing channels and cell-to-cell connections *°.
GJA1 expression in association with tumor size was
significantly different between the normal and
tumor tissues; the overexpression of this gene was
observed by increasing gastric tumor size. Various
assumptions and possible mechanisms of Cx43 roles
in gastric cancer were suggested & 171118 Cx43 can
induce gastric cancer associated with Helicobacter
pylori via Vac-A-induced cell death °. Tang et al. %
found that this protein's aberrant expression could
increase gastric tumor metastasis via hetero-cellular
gap junction channels. Thus, Cx43 upregulation can
lead to increase the gastric cancer tumor sensitivity
to chemotherapy and there is a relationship GjA1
expression level and gastric cancer 8 However, in
our research, no significant differences were seen
regarding GjA1 gene expression between tumor and
normal tissues, which is contrary to the findings of
Liu et al. 2X. However, the overexpression of that
gene was shown in the higher grades of the disease.
Metastasis is a complex process involving several
mechanisms that are poorly understood. Genetic
and biochemical elements determining the
acquisition of invasion phenotype, and systematic
proliferation of cancer cells?? were extensively
studied. For that, EMT has been suggested as an
important contributor®®. Mesenchymal markers,
including FSP1, vimentin, and desmin were
reported overexpressed in carcinoma cells®*, These
are usually observed on the invasive front of
primary tumors and eventually introduce the later
stages of the metastasis cascade?®. EMT induction is
vital for the progression of carcinoma to metastatic
state %
The decrement of GjA1 expression and non-
significant difference in Mestl gene expression
were observed in metastatic tumors compared to
non-metastatic tumors. Loss of expression of the
GJA gene family was shown to be an important

The Expressions of MEST1 and GJA1 Genes

event in cancer invasion and metastasis?’. However,
the role of connexins in malignancy is unclear, as it
has not yet been determined whether the
expression of connexins is necessary for metastasis
or not. However, our results showed that GjA1 was
down-regulated in the metastatic tumors, which is
in line with the above hypothesis. Loss of GJA
expression may facilitate local invasion of cancerous
tumors as reduced cell to cell connections may be
contributed in cell segregation . The current study
is, to the best knowledge of the authors, the first to
show that GjA1 expression is reduced in metastatic
gastric cancer cells and that there is no change in
Mest1 gene expression during metastasis.

A significant difference was seen in the expressions
of GjA1 and Mest1 genes in relation to the stage of
cancer. These results are consistent with the results
reported by Kamyabayashi et al.?®, where they
stated that the expression of connexins decreased
in the early stages of skin cancer in mice and
increased in the later stages, causing the cancer to
metastasize to the lymph nodes. However, the
current research results suggest that decreased
Mest1 expression, and increased GjA1l expression
occur in tumors that metastasize to lymph nodes.
Decreased expression of Mestl and loss of
imprinting of this gene were reported in head and
neck cancers ?°. The protein encodes by PEG1/MEST
pertains to a/B hydrolase family. The exact
functions of that gene unknown, because the
catalytic properties of this class of enzymes vary
widely and include haloalkanes, lipids, and
epoxies®®. However, it has been reported that it
reacts with some of the biological substances
affected the growth mesoderm cells. Connexins
function in the invasion of cancer cells to lymphatic
tissues by forming gap connections between tumor
and endothelial cells in the lymph nodes®. The
results of the current study confirm the results
obtained in previous studies 3.

CONCLUSION

Mestl downregulation and GJA1 upregulation
both contribute to gastric cancer metastasis. It
would appear that the formation of cellular
connections in  malignancies is significantly
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influenced by the GJA1 protein. The present study
offers valuable insights into the involvement of the
Mestl and GjA-1 genes in the metastasis of gastric
cancer. However, further studies are required to
fully understand the mechanism of tumor
metastasis in gastric cancer. In this regard,
genomics and transcriptomic studies can pave the
way for identifying many genes.

ACKNOWLEDGMENTS
We would like to thank and appreciate the efforts
of the staff of Imam Khomeini Hospital.

REFERENCES

1. Van Cutsem E, Sagaert X, Topal B, et al. Gastric cancer.
Lancet. 2016;388(10060):2654-64.

2. Li H, Wei Z, Wang C, et al. Gender differences in gastric
cancer survival: 99,922 cases based on the SEER
database. J Gastrointest Surg. 2020;24(8):1747-57.

3. Pasechnikov V, Chukov S, Fedorov E, et al. Gastric
cancer: prevention, screening and early diagnosis. World
J Gastroenterol. 2014; 20(38):13842-62.

4. Diepenbruck M, Christofori G. Epithelial-mesenchymal
transition (EMT) and metastasis: yes, no, maybe? Curr
Opin Cell Biol. 2016;43:7-13.

5. Abolhassani A, Riazi GH, Azizi E, et al. FGF10: Type Il
Epithelial Mesenchymal Transition and Invasion in Breast
Cancer Cell Lines. J Cancer. 2014;5(7):537-47.

6. Shirkoohi R. Epithelial mesenchymal transition from a
natural gestational orchestration to a bizarre cancer
disturbance. Cancer Sci. 2013;104(1):28-35.

7. Ghavami TST, Irani S, Mirfakhrai R, et al. Differential
expression of Scinderin and Gelsolin in gastric cancer and
comparison with clinical and morphological
characteristics. EXCLI J. 2020;19:750-761.

8. Pedersen IS, Dervan PA, Broderick D, et al. Frequent
loss of imprinting of PEG1/MEST in invasive breast
cancer. Cancer Res. 1999;59(21):5449-51.

9. Nakanishi H, Suda T, Katoh M, et al. Loss of imprinting
of PEG1/MEST in lung cancer cell lines. Oncol Rep.
2004;12(6):1273-8.

10. Sado T, Nakajima N, Tada M, et al. A Novel
Mesoderm-Specific cDNA Isolated from a Mouse
Embryonal Carcinoma Cell Line: (embryonal carcinoma
cell/cDNA/in situ hybridization/mesoderm/mouse
embryo). Dev Growth Differ. 1993;35(5):551-560.

11. Puebla C, Cisterna BA, Salas DP, et al. Linoleic acid
permeabilizes gastric epithelial cells by increasing
connexin 43 levels in the cell membrane via a GPR40-and
Akt-dependent mechanism. Biochim Biophys Acta.
2016;1861(5):439-48.

90

IJHOSCR, 1 January. Volume 18, Number 1

12. Santin AD, Zhan F, Bignotti E, et al. Gene expression
profiles of primary HPV16-and HPV18-infected early
stage cervical cancers and normal cervical epithelium:
identification of novel candidate molecular markers for
cervical cancer diagnosis and therapy. Virology.
2005;331(2):269-91.

13. Untergasser A, Cutcutache |, Koressaar T, et al.
Primer3—new capabilities and interfaces. Nucleic Acids
Res. 2012;40(15):e115.

14. Maes M, Cogliati B, Yanguas SC, et al. Roles of
connexins and pannexins in digestive homeostasis. Cell
Mol Life Sci. 2015;72(15):2809-21.

15. Yahiro K, Hirayama T, Moss J, et al. Helicobacter
pylori VacA toxin causes cell death by inducing
accumulation of cytoplasmic connexin 43. Cell Death Dis.
2015;6(11):e1971.

16. Lerotic |, Vukovic P, Hrabar D, et al. Expression of
NEDD9 and connexin-43 in neoplastic and stromal cells of
gastric adenocarcinoma. Bosn J Basic Med Sci.
2021;21(5):542-8.

17. Li CH, Hao ML, Sun Y, et al. Ultrastructure of gap
junction and Cx43 expression in gastric cancer tissues of
the patients. Arch Med Sci. 2020;16(2):352-8.

18. Liu D, Zhou H, Wu J, et al. Infection by Cx43
adenovirus increased chemotherapy sensitivity in human
gastric cancer BGC-823 cells: not involving in induction of
cell apoptosis. Gene. 2015;574(2):217-24.

19. Radin JN, Gonzalez-Rivera C, Frick-Cheng AE, et al.
Role of connexin 43 in Helicobacter pylori VacA-induced
cell death. Infect Immun. 2014;82(1):423-32.

20. Tang B, Peng ZH, Yu PW, et al. Expression and
significance of Cx43 and E-cadherin in gastric cancer and
metastatic lymph nodes. Med Oncol. 2011;28(2):502-8.
21. Liu X, Furuya T, Li D, et al. Connexin 26 expression
correlates with less aggressive phenotype of intestinal
type-gastric carcinomas. Int J Mol Med. 2010;25(5):709-
16.

22. Fares J, Fares MY, Khachfe HH, et al. Molecular
principles of metastasis: a hallmark of cancer revisited.
Signal Transduct Target Ther. 2020;5(1):28.

23. Thiery JP. Epithelial-mesenchymal transitions in
tumour progression. Nat Rev Cancer. 2002;2(6):442-54.
24. Yang J, Weinberg RA. Epithelial-mesenchymal
transition: at the crossroads of development and tumor
metastasis. Dev Cell. 2008;14(6):818-29.

25. Fidler 1J, Poste G. The “seed and soil” hypothesis
revisited. Lancet Oncol. 2008;9(8):808.

26. Kalluri R, Weinberg RA. The basics of epithelial-
mesenchymal transition. J Clin Invest. 2009;119(6):1420-
8.

27. Nicolson GL, Dulski KM, Trosko JE. Loss of
intercellular junctional communication correlates with

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir



[JHOSCR, 1 January 2024. Volume 18, Number 1

metastatic potential in mammary adenocarcinoma cells.
Proc Natl Acad Sci U S A. 1988;85(2):473-6.

28. Kamibayashi Y, Oyamada Y, Mori M, et al. Aberrant
expression of gap junction proteins (connexins) is
associated with tumor progression during multistage
mouse skin carcinogenesis in vivo. Carcinogenesis.
1995;16(6):1287-97.

29. Kataoka H, Nakano S, Oshimura M, et al. S081 Loss of
Imprinting of PEG1/MEST, IGF2 in Head and Neck Cancer.
Arch Otolaryngol Head Neck Surg. 2006;132(8):857-858.
30. Arand M, Grant DF, Beetham JK, et al. Sequence
similarity of mammalian epoxide hydrolases to the
bacterial haloalkane dehalogenase and other related
proteins: implication for the potential catalytic
mechanism of enzymatic epoxide hydrolysis. FEBS Lett.
1994;338(3):251-6.

31. Wu JI, Wang LH. Emerging roles of gap junction
proteins connexins in cancer metastasis,
chemoresistance and clinical application. J Biomed Sci.
2019;26(1):8.

The Expressions of MEST1 and GJA1 Genes

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir

91



