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Introduction

Cancer is a genome disease arising from DNA
alterations that dysregulate gene structure and
function (Garraway and Lander,2013). Damage to

Abstract

Cancer is a disease arising from DNA alterations that dysregulate gene structure
and function. These deregulated genes can also play a role in tumor invasion and
metastasis or resistance to treatment. In this study, we determined the gene
expression during transcription of PTGS2 (Prostaglandin-endoperoxide synthase
2), MAGE-A3 (Melanoma-associated antigen 3), CALR (Calreticulin), KRT19
(Cytokeratin 19), and TMPRSS4 (Transmembrane protease, serine 4) in
HCT116 colon cancer cell line and PC3 prostate cancer cell line. After RNA
isolation and cDNA conversion, DNA amplification was performed with Real-
Time PCR. We determined the altered transcriptional expression level of those
genes. In HCT116 colon cancer cell line, expression of the TMPRSS4 gene,
MAGEA3 gene and KRT19 gene was found as increased and expression of the
CALR gene and the PTGS2 gene was found as decreased. Especially a 93.70-fold
increase in expression of the KRT19 gene was found in HCT116 colon cancer
cell line. In PC3 prostate cancer cell lines, TMPRS4 gene expression and
MAGEA3 gene expression were found as increased. But there was 50 fold
decrease in PTGS2 gene expression.

the cellular genome or altered expression of genes is
a standard feature for virtually all neoplasms. These
genes may play a role in cancer formation, tumor
invasion, metastasis, or therapy resistance (Negrini
et al.,2010). Prostaglandin endoperoxide H synthase 2
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(PTGS2) converts  arachidonic  acid to
prostaglandins, which are essential inflammatory
mediators. It is shown that excessive PTGS2
expression plays a role in different stages of various
cancers such as breast, lung, colon, and prostate
cancer (Regulsk et al.,2016).

MAGE-A3 gene belongs to the melanoma-associated
antigen gene family. MAGE-A3 is a tumor-specific
protein and has been identified on many tumors,
including melanoma, non-small cell lung cancer
(NSCLC), hematologic malignancies. Normal adult
cells other than testicular germ cells do not express
this gene. The expression of MAGE-A3 by cancer
cells was related to a bad prognosis. It may have a
role in cancer development (Schcolnik-Cabrera et
al., 2019).

Calreticulin (CALR) is a protein found in the
endoplasmic reticulum and takes a role in both
calcium storage and formation and secretion of
glycoproteins. Studies performed show that role of
CALR in cancer development is controversial and
depends on the type of cancer (Zeng et al.,2016).
Cytokeratin 19 is a member of the cytokeratin
family, which are intermediate type filamentous
proteins that take a role in forming the cellular
skeleton. They are also functional in apoptosis by
regulating the cellular response to several stress
responses, cell signalization, and organelles and
substrates' intracellular movement. Cytokeratin 19 is
heterotrimer and is expressed by the periderm,
pancreas, Kidney, and digestive system epithelial
cells (Mehrpouya et al.,2019; Jain et al., 2010).

The transmembrane protease serine 4 (TMPRSS4)
gene encodes for a serine protease, which takes a
role in both embryo and cancer development. The
overexpression of TMPRSS4 is reported in breast,
lung, colorectal, pancreatic, gastric, and liver
cancers (Tanabe and List, 2017). Studies show that
excessive TMPRSS4 expression is a poor prognostic
marker in breast and colorectal cancers (Aberasturi
and Calvo,2015).

Because expression of PTGS2, MAGE-A3, CALR,
KRT19, and TMPRSS4 genes are associated with
different cancers, in this study, it was aimed to
determine the transcriptional expression of PTGS2,
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MAGE-A3, CALR, KRT19, and TMPRSS4 genes in
colon and prostate cancer.

Material and methods

The PC-3 prostate cell line, HCT116 colon cancer
cell line, and BEAS2B Epithelial virus-transformed
cell type from bronchus used in our study were
obtained from the American Type Culture
Collection (ATCC, Manassas, VA). BEAS2B
Epithelial virus-transformed cell type from bronchus
was chosen as a control.

Cell Culture Application

Cells were cultivated in Dulbecco's modified eagle
medium (DMEM), supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin, 100 pg/ml
streptomycin, 1 mM sodium pyruvate, and 6 mM
glutamine at 37°C in a humidified incubator
(Panasonic) atmosphere containing 5% CO,. Cells
were harvested after incubation, and cell pellets
were obtained for analysis.

RNA Isolation

To obtain total RNA from cultured 1 x 10° cells, we
used the Omega Biotek brand (R6834 catalog
number) RNA isolation kit product. RNA isolation
steps were carried out according to the steps
specified by the manufacturer. RNAs obtained were
stored at -80 for use in cDNA transformation. After
isolation, amount and purity of RNAs were
calculated in Nanodrop and 260/280 ratio higher
than 1.8 in all samples.

cDNA Synthesis and Real-Time Polymerase Chain
Reaction

QuantiTect Reverse Transcription kit (Qiagen,
Hilden- Germany) was used for cDNA synthesis.
Following the kit protocol, 10uL total RNA obtained
from each cell line was incubated at 65 °C for 5
minutes and then kept on ice for 5 minutes. The
solutions used in the reaction buffer are summarized
in Table 1. After adding 10 uL of RNA samples to
the buffer, the reaction was as 10 minutes at 10 °C,
60 minutes at 50 °C and finally 5 minutes at 85 °C.
In the end, the tubes were kept constant at 4 °C.
Table 2 shows primers designed for each gene.
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DNA amplification was performed on Corbett
Rotor-Gene 6000 (Qiagen, Hilden- Germany)
Research Real-Time PCR Thermal Cycle device.

Table 1. cDNA Reaction Components

Content Quantity Concentration
5X Reaction buffer S5ul 1X
dNTP 2 ul 100 mM
Randomized primers 5,25 ul 100 pm
RNase inhibitor 05M 0,5mM
DTT 1,25M 1,25 mM
RTE 1M 1M
RNA samples 10 pl 3M
Total volume: 25 ul 25 ul

Table 2. Primer sequences of genes

The reaction buffer was prepared by adding 10 uL of
2X SYBR Green (HibriGen brand, mg-sybr-01-400
catalog numbered product), 1.5 pL of each of the
forward and reverse primers, 4 uL of cDNA sample,
4 pL of nuclease-free water. The samples were run
in duplicate. The efficiency of the transcription and
PCR was estimeted via a standart calibration dilution
curve using a conventional RNA (Stratagene) and
slope calculation for each assay. Slopes between -3.1
and -3.8 was acceptable, giving reactions efficiency
between 90% and 100%. The reaction components
are as in Table 3, and the steps of the reaction are as
in Table 4.

In the real-time PCR analysis calculations, Ct values
of the GAPDH gene were used as a reference. The
negative power above two was taken to find the
increasing or decreasing coefficient of variation in
each replication cycle of the obtained values.

Gene Primer sequences
PTGS2 Forward: ATCATTCACCAGGCAAATTGC
Reverse: GGCTTCAGCATAAAGCGTTTG
KRT19 Forward: CGGGACAAATTCTTGGTGCC
Reverse: ATCCAGCACCCTGCGCAGGCC
CALR Forward: AAGTTCTACGGTGACGAGGAG
Reverse: GTCGATGTTCTGCTCATGTTTC
GAPDH Forward: TGGTGATGGAGGAGGTTTAGTAAGT
Reverse:AACCAATAAAACCTACTCCTCCCTTAA
TMPRSS4 Forward: CCTGGCGAGTATCATCATTGTG
Reverse: GATCGGTCCTTGGAGAGGCG
MAGE-A3 Forward: AAGCCGGCCCAGGCTCGGT

Reverse: GCTGGGCAATGGAGACCCAC

Table 3. PCR reaction components

Content Amount Final .
Concentration
2X SYBR Green 10 uL 1X
Forward primer 1,5 uL 0,3 uM
Reverse primer 1,5 uL 0,3 uM
cDNA 4 uL <500 ng
Water 4 uL
Total 21 uL

Table 4. gPCR cycle stages

Denaturation 94 °C 4 min.
1.Denaturation 95 °C 30 sec.
2. Annealing 58 °C 30 sec.
. 72 °C 30 sec, Fluorescent
3. Elongation .
reading
Final 72 °C 10 min

X 36 Cycle
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Results and Discussion

In quantitative PCR analysis, the expression levels
of the PTGS2, KRT19, TMPRSS4, CALR, and
MAGEA3 genes were calculated by normalizing
them according to the GAPDH gene. Table 5 and
Table 6 summarize the values used when calculating
the expression levels of the studied genes in
HCT116 and PC3 cell lines and the increase and
decrease rates of those genes. BEAS-2B cell line
was used as a control.

Table 5. Calculation results of Ct values and
expression change rate in HCT116 cell line

HCT116 Gene
Average Delta ct Expression
ct value (ACY) Change
2"- AACt
GAPDH
(house- keeping 26,85
gene)
TMPRSS4 24,77 2,08 4,34
MAGE-A3 20,96 5,89 2,82
KRT19 15,1 11,75 93,70
CALR 15,96 10,89 0,31
PTGS2 26,19 0,66 0,17

gPCR analysis for the HCT116 cell line showed a
4.34-fold increase in expression of the TMPRSS4
gene, a 2.82-fold increase in expression of the
MAGEA3 gene, a 93.70-fold increase in expression
of the KRT19 gene, a 3.22-fold decrease in
expression of the CALR gene, and a 5.88-fold
decrease in expression of the PTGS2 gene by using
the calculation of AACt compared to the control cell
line BEAS-2B. We also calculated the expression
levels of PTGS2, TMPRSS4, and MAGEA genes in
the PC3 prostate cancer cell line. According to the
data we obtained in this cell line, there was 50 fold
decrease in PTGS2 gene expression, 2.09 fold
increase in TMPRS4 gene expression, and a 6.10
fold increase in MAGEA3 gene expression
(compared to the control cell line).

PTGS2, also known as cyclooxygenase (COX), is an
enzyme that catalyzes the rate-limiting step in
inflammatory prostaglandin synthesis. PTGS2 is an
inducible enzyme that converts arachidonic acid to
prostaglandins, which play a role in cell proliferation
and inflammation (Thongprasert et al., 2016).
Studies have shown that PTGS2 also has roles in
apoptosis, immune suppression, tumor progression,
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and metastasis (Hla et al., 1999; Liu et al., 1998). In
our study, we found that PTGS2 gene expression
decreases as 50 times in the PC3 prostate cancer cell
line and 5.5 times in the HCT116 colorectal cell line.
Similar to our study, Subbarayan et al. have also
found decreased PTGS2 expression in cancer
prostate cells than normal prostate cells. Also, in the
same study, it was shown that when TNF-a
stimulated lower PTGS2 levels in tumor cells,
PTGS2 levels increased, leading to tumorigenesis
(Subbarayan et al., 2001). Besides the studies
showing that PTGS2 has lower expression in
prostate cancer cells than normal cells, there are also
studies claiming the increased expression of PTGS2
in prostate cancer cells. In their studies of the
expression of HER2 and PTGS2 in prostate cancer
cells, Edward et al. (2004) have found that PTGS2
expression increases in parallel with the tumor stage
(Edwards et al., 2004). Bin et al. (2011), in their
studies done in Chinese patients, investigated
PTGS2 expression in prostate cancer cells; they
determined that PTGS2 is expressed more
significantly in tumor cells in comparison to the
surrounding tissue cells, and the expression is higher
in highly metastatic cell lines (PC-3 M) when
compared to low metastatic cell lines (PC-3, DU-
145, LNcaP) (Bin et al.,, 2011). However, as
Subbarayan et al. (2001) state, low expression of
PTGS2 in prostate cancer does not show that PTGS2
has no role in prostate cancer formation. Subbaryan
et al. (2001) demonstrated that although the
expression is low in prostate cancer cells, after
subsequent TNFo exposure, this protein's increase
occurs (Subbarayan et al., 2001). More studies are
needed to understand the role of PTGS2 in prostate
tumor development, metastasis, and invasiveness.

Table 6. Calculation results of Ct values and expression
change rate in PC3 cell line

Gene

A\I/Decr::)ge Deltact  Expression

ct value (ACY) Change
2"- AACt
GAP[?H (house 28,63
keeping gene)

TMPRSS4 27,6 1,03 2,09
MAGE-A3 21,63 7 6,10
PTGS2 30,64 -2,01 0,02

While PTGS2 is not found in normal colon mucosa,
it is present in 95% of colorectal carcinomas (Brown
and DuBois,2005). In the studies performed, it was
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shown that PTGS2 expression decreases the cell-to-
cell adhesion, increases angiogenesis, increases cell
proliferation, and decreases apoptosis (Kakiuchi et
al., 2002). High PTGS2 gene expression increases
the PGE2 amount and NF-kB pathway activation.
Increased NF-kB pathway activation triggers BCL2
transcription and causes intracellular apoptosis
resistance (Park et al., 2006). In our study, however,
in contrast to studies showing increased PTGS2
expression in several solid tumors, we found
decreased PTGS2 expression in the colorectal cell
line. This result shows that PTGS2 can have a
different effect than demonstrated so far on
colorectal cancer.

The other gene whose effects on colorectal cancer
cell lines we studied was calreticulin (CALR). We
found 3.22 times decrease in its expression in
colorectal cancer. CALR is a multifunctional protein
found mainly in the ER and on the cell membrane,
nucleus, and cytoplasm. It is the primary calcium
regulator in the cell, and it is thought that it has a
role in cancer cell invasion and metastasis. In several
studies performed on solid tumors such as prostate,
breast, and colorectal cancers, the overexpression of
CALR was found (Zamanian et al., 2013). Our study
found that in the HCT166 colon cancer cell line,
CALR gene expression is 3.22 times decreased.
There are limited studies on CALR gene expression
in colon cancer. Colangelo et al. found that in colon
cells, miR27-a suppresses MHC class | expression
through CALR downregulation, eventually affecting
tumor formation (Colangelo et al., 2016).

Another gene that we studied was KRT19. As an
intermediate type filamentous protein, KRT19 is
expressed in both normal cells and malignant tumor
cells. We found that the KRT19 expression level
increases by 93.70 times in HCT-116 colorectal cell
line. There are very few studies of colorectal cancer
and KRT19. Saha et al. showed that KRT19
expression has a role in cancer development (Saha et
al., 2019). We also found 93.70 times increase in
KRT19 expression in the HCT 116 colon cancer cell
line, contributing to the literature.

A few studies of the TMPRSS4 gene and its effect on
prostate and colon cancers are present in the
literature. We found the gene expression of
TMPRSS4 in PC3 prostate and HCT166 colon
cancer cell lines 2.09 and 4.34 times increased,
respectively. This result is in parallel with the
findings in a few studies in the literature. High
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TMPRSS4 levels were related to poor prognosis in
both colon and prostate cancer (Kim et al.,2019;
Huang et al.,2013). Our study contributes to the
limited data in the literature.

The last gene whose expression we studied is
MAGE-A3, and an increase was found in two cancer
cell line types we studied. These findings were
similar to the literature data. In the studies
performed on both cell lines and patients, for two
cancer types, high MAGE-A3 was found to be
correlated with disease progression and was used as
a bad prognosis marker (Ayyoub et al.,2014).

Conclusion

In this study, expression of the TMPRSS4 gene and
MAGEA3 gene was found as increased in both colon
and prostate cancer cell line. We found PTGS2 gene
expression as decreased in both cell line. Especially
in PC3 prostate cancer cell lines, there was 50 fold
decrease in PTGS2 gene expression. There is a need
for further studies to determine the mechanism by
which those genes cause cancer formation.

Conflict of Interest

All authors declare that there is no conflict of
interest.

References

Aberasturi AL, Calvo A (2015) TMPRSS4: an
emerging potential therapeutic target in cancer.
British Journal of Cancer 112: 4-8. doi:
10.1038/bjc.2014.403

Ayyoub M, Scarlata CM, Hamai A, Pignon P,
Valmori (2014) Expression of MAGE-A3/6 in
primary breast cancer is associated with hormone
receptor negative status, high histologic grade, and
poor survival. Journal of Immunotherapy 37(2):73-
76. doi: 10.1097/CJ1.0000000000000013

Bin W, He W, Feng Z, Xiangdong L, Yong C et al
(2011) Prognostic relevance of cyclooxygenase-2
(COX-2) expression in Chinese patients with
prostate cancer. Acta histochemical 113(2):131-
136. doi: 10.1016/j.acthis.2009.09.004

Brown JR, DuBois RN (2005) COX-2: a molecular
target for colorectal cancer prevention. Journal of



www.genapp.ba

Genetics&Applications Vol.4|No.2 | December, 2020

Clinical Oncology 23:2840-2855. doi:

10.1200/JC0.2005.09.051

Colangelo T, Polcaro G, Ziccardi P, Pucci B,
Muccillo L et al. (2016) Proteomic screening
identifies calreticulin as a miR-27a direct target
repressing MHC class | cell surface exposure in
colorectal cancer. Cell Death & Disease
7(2):€2120. doi: 10.1038/cddis.2016.28

Edwards J, Mukherjee R, Munro A, Wells AC,
Almushatat A et al. (2004) HER2 and COX2
expression in human prostate cancer. European
Journal of Cancer  40(1):50-55. doi:
10.1016/j.ejca.2003.08.010.

Garraway LA, Lander ES (2013) Lessons from the
cancer genome. Cell 153(1):17-37. doi:
10.1016/j.cell.2013.03.002

Hla T, Bishop-Bailey D, Liu CH, Schaefers HJ,
Trifan OC. (1999) Cyclooxygenase-1 and -2
isoenzymes. The International Journal of
Biochemistry & Cell Biology 31(5):551-557

Huang A, Zhou H, Zhao H, Quan Y, Feng B et al.
(2013) The high expression level of TMPRSS4
predicts adverse outcomes of colorectal cancer
patients. Medical Oncology  30(4):712. doi:
10.1007/s12032-013-0712-7

Jain R, Fischer S, Serra S, Chetty Ret (2010) The
Use of Cytokeratin 19 (CK19)
Immunohistochemistry in Lesions of the Pancreas,
Gastrointestinal Tract, and Liver. Applied
Immunohistochemistry & Molecular Morphology
18:9-15. doi: 10.1097/PAl.0b013e3181ad36ea.

Kakiuchi Y, Tsuji S, Tsujii, M, Murata H, Kawai N
et al (2002) Cyclooxygenase-2 activity altered the
cell- surface carbohydrate antigens on colon cancer
cells and enhanced liver metastasis. Cancer
Research 62(5): 1567-1572

Kim S, Ko D, Lee Y, Jang S, Lee Y et al (2019)
Anti-cancer  activity of the novel 2-
hydroxydiarylamide derivatives IMD-0354 and
KRT1853 through suppression of cancer cell
invasion, proliferation, and survival mediated by
TMPRSS4. Scientific Reports 9(1): 10003. doi:
10.1038/s41598-019-46447-7

Liu XH, Yao S, Kirschenbaum A, Levine AC
(1998) NS398, a selective cyclooxygenase-2
inhibitor, induces apoptosis and down-regulates
bcl-2 expression in LNCaP cells. Cancer Research
58(19):4245-4249

Mehrpouya M, Pourhashem Z, Yardehnavi N,
Oladnabi M (2019) Evaluation of cytokeratin 19 as
a prognostic tumoral and metastatic marker with
focus on improved detection methods. Journal of
Cellular Physiology 234(12):21425-21435.
https://doi.org/10.1002/jcp.28768

42

Negrini S, Gorgoulis VG, Halazonetis TD (2010)
Genomic instability--an evolving hallmark of
cancer. Nat Rev Mol Cell Biol. 11(3):220-228. doi:
10.1038/nrm2858.

Park JY, Pillinger MH and Abramson SB (2006)
Prostaglandin E2 synthesis and secretion: the role
of PGE2 synthases. Journal of Clinical
Immunology 119(3): 229-240. doi:
10.1016/j.clim.2006.01.016

Regulski M, Regulska K, Prukata W, Piotrowska H,
Stanisz B et al (2016) COX-2 Inhibitors: A Novel
Strategy in the Management of Breast Cancer.
Drug Discovery Today 21(4):598-615.
doi:10.1016/j.drudis.2015.12.003

Saha SK, Yin Y, Chae HS, Cho SG (2019)
Opposing Regulation of Cancer Properties via
KRT19-Mediated Differential Modulation of Wnt/-
Catenin/Notch Signaling in Breast and Colon
Cancers. Cancers 11(1);99. doi:
10.3390/cancers11010099

Scheolnik-Cabrera A, Oldak B, Juarez M, Cruz-
Rivera M, Flisser A et al (2019) Calreticulin in
phagocytosis and cancer: opposite roles in immune
response outcomes. Apoptosis 24:245-255. doi:
10.1007/s10495-019-01532-0.

Subbarayan, V, Sabichi AL, Llansa N, Lippman SM,
Menter DG (2001) Differential expression of
cyclooxygenase-2 and its regulation by tumor
necrosis factor-o in normal and malignant prostate
cells. Cancer Research 61(6):2720-2726

Tanabe LM and List K (2017) The Role of Type Il
Transmembrane  Serine  Protease = Mediated
Signaling in Cancer. FEBS Journal 284(10): 1421—
1436. doi: 10.1111/febs.13971

Thongprasert S, Yang PC, Lee JS, Soo R, Gruselle
O et al (2016) The prevalence of expression of
MAGE-A3 and PRAME tumor antigens in East
and South East Asian non-small cell lung cancer
patients. Lung Cancer 101:137-144. doi:
10.1016/j.lungcan.2016.09.006

Zamanian M, Veerakumarasivam A, Abdullah S,
Rozita R (2013) Calreticulin and Cancer.
Pathology & Oncology Research 19:149-154. doi:
10.1007/s12253-012-9600-2


https://doi.org/10.1002/jcp.28768

