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Abstract 
 
Background: In lung cancer, expression changes in genes that indirectly trigger carcinogenesis are 
a remarkable issue. In addition to mutations, detection of expression of genes that affect cell division, 
apoptosis, invasion and cell migration is important for studies to develop new inhibitor or monoclonal 
antibody drugs. Aim of this study was to investigate the mRNA expression levels of PTGS2, CALR 
and MAGE-A3 genes in the A549 cell line which is modeling lung adenocarcinoma compared to the 
BEAS-2B cell line which is modeling healthy bronchial epithelium. 
Materials and Methods: Quantitative Real-time PCR was performed to obtain the mRNA expression 
level changing. 
Results: In the results of the study, the mRNA level expression difference in A549 cell line compared 
with BEAS-2B cell line 229,13-fold increase in PTGS2 gene; 4,03-fold increase in CALR gene; 3,41-
fold increase in MAGE-A3 gene were observed. These three genes are known to play roles in cancer 
cell division, apoptosis resistance, invasion, and angiogenesis. 
Conclusions: As a result of this study, these three genes are thought to have jointly effect on the NF-
κB signaling pathway. It may be beneficial to investigate on protein level for these three genes to 
illuminate at this point. 
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Öz. 
 
Amaç: Akciğer kanserinde dolaylı yoldan karsinogenezi tetikleyen genlerdeki ifade değişimleri dikkat 
çekici bir konudur. Mutasyonların yanı sıra hücredeki bölünme, apoptoz, invazyon ve hücre göçleri 
üzerinde etkili olan genlerin ifade artışının saptanması, yeni inhibitör veya monoklonal antikor ilaçları 
geliştirme çalışmaları için önem arz etmektedir. Bu çalışmanın amacı, akciğer adenokarsinomunu 
modelleyen A549 hücre dizisinde PTGS2, CALR ve MAGE-A3 genlerinin, sağlıklı bronş epitelini 
modelleyen BEAS-2B hücre dizisine kıyasla ilgili genlerin ifade düzeylerini araştırılmasıdır. 
Materyal ve Metod: mRNA ifade seviye değişikliğini belirlemek için kantitatif Gerçek zamanlı PCR 
yapılmıştır. 
Bulgular: Çalışmanın sonucunda, A549 hücre dizisinde mRNA ekspresyon seviye farkı, BEAS-2B 
hücre dizisi ile karşılaştırıldığında PTGS2 geninde 229,13 kat artış; CALR geninde 4,03 kat artış; 
MAGE-A3 geninde 3,41 kat artış gözlendi. Bu üç genin kanser hücresi bölünmesinde, apoptoz 
direncinde, invazyon ve anjiyogenezde rol oynadığı bilinmektedir. 
Sonuç: Bu çalışmanın bir sonucu olarak, bu üç genin NF-κB sinyal yolu üzerinde birlikte etkisi olduğu 
düşünülmektedir. Bu üç genin bu noktada aydınlanması için protein seviyesinde araştırma yapmak 
faydalı olabilir. 
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Introduction 
Lung cancer is a malignant tumor with uncontrolled cell di-
vision in lung tissue. This growth usually occurs because 
of mutation accumulation, changes in gene expression or 
troubles of post-translational modifications or abnormal 
protein inhibition and epigenetic factors. Lung cancer can 
be divided into two major types based on the morphology 
of cells called Small cell lung carcinoma (SCLC) and non-
small cell lung carcinoma (NSCLC) (1,2). 
The prostaglandin endoperoxide synthase-2 (PTGS2) or 
cyclooxygenase-2 (COX2) gene is the key enzyme for 
prostaglandin biosynthesis. It converts arachidonic acid to 
prostaglandin-E2 (PGE2). PGE2 stimulates the activity of 
transcription factors in the Nuclear Factor-kappa B (NF-κB) 
signaling pathway that remains cellular survival. The stimu-
lated NF-κB signaling pathway increases the transcription 
of the BCL2 anti-apoptotic protein, which leads to inhibition 
of apoptosis. Thus, abnormally increasing PTGS2 expres-
sion indirectly contributes to carcinogenesis by increasing 
the amount of PGE2 (3).  
The calreticulin gene is localized on human chromosome 
19 and codes calreticulin protein which is a chaperone pro-
tein involved in the proper folding of synthesized proteins. 
It is not only involved in protein processing, but also in 
transport. In addition, it acts as a calcium-binding agent 
and plays a role in maintaining intracellular calcium ion 
concentration (4).  One of the nuclear activities of the Cal-
reticulin (CALR) protein is that interacting with the transc-
ription factor NF-κB signaling pathway to increase the pro-
duction of pro-inflammatory cytokines. It has also been 
shown to induce maturation of dendritic cells. Moreover, it 
has been shown to support the adaptive immune response 
against cancer by triggering the activation of effector me-
mory T cells and dendritic mature cell infiltration in cancer 
(5,6).  
The MAGE-A3 gene, member 3 of the melanoma-associa-
ted antigen gene family, is localized in Xq28 and encode 
MAGE-A3 protein. MAGE-A3 has been identified in many 
tumors, including all melanomas, liver, NSCLC and hema-
tologic cancers (NCBI, Gene ID: 4102). NSCLC has been 
reported to encode a protein that causes immune response 
in the body in testicular cancer, head and neck cancers, 
liver cancer, and melanomas and is associated with the 
NF-κB signaling pathway (7,8). 
PTSG2, COX2 and MAGE-A3 genes are known to play a 
role in cancer cell division, apoptosis resistance, invasion, 
and angiogenesis. Moreover, these three genes are tho-
ught to have jointly effect on the NF-κB signaling pathway.  
Aim of this study was to determine and compare the 
expression of PTGS2, CALR, and MAGE-A3 genes at 
transcription levels in the A549 lung epithelial squamous 
cell adenocarcinoma cancer cell line and the BEAS-2B he-
althy bronchial epithelium cell line. 
 

Materials and Methods 
Cell Culture 
In this study, A549 human lung epithelial squamous cell 
adenocarcinoma and BEAS-2B human lung bronchial epit-
helial cell lines were used. They were purchased from 
American Type Tissue Culture Collection (ATCC).  
Cells were cultured in Dulbecco’s modified eagle medium 
(DMEM), supplemented with 10% fetal bovine serum 
(FBS), 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mM 
sodium pyruvate, and 6 mM glutamine at 37°C in a humi-
dified incubator atmosphere containing 5% CO2. Cells 
were seeded in 175-cm2 flasks with ventilated cap at a 
density of 2 million cells per flask and grown until 85% cell 
confluency. After 24 hours, the cells were washed once 
with PBS and detached using trypsin–EDTA. Viable cells 
were counted by staining with trypan blue (all chemicals 
purchased from Sigma-Aldrich, St. Louis, MO, USA). The 
cells were pelleted at 300 ×g for 5 min and then stored at 
−80°C until further processed.  
Reverse transcription polymerase chain reaction (RT 
PCR) and quantitative (q)PCR 
Total RNA Kit-I was purchased from Omega Bio-tek, Inc. 
(Norcross, GA, USA). First-strand cDNA synthesis kit and 
SYBR green Real-time Quantitative PCR (RT-qPCR) kit 
were purchased from Qiagen, Inc. (Germantown, MD, 
USA). Total RNA was isolated with Total RNA isolation kit, 
following to produce cDNA using the first-strand cDNA 
synthesis kit, which were then served as templates for RT-
qPCR amplification with the SYBR green qPCR kit.  
The cDNA synthesis was done (65 °C, 5 min; 4 °C, 5 min; 
25 °C, 10 min; 50 °C, 60 min; 85 °C, 5 min) in a 30 µL 
reaction mixture containing 5X Reaction buffer, 1,5 M 
dNTP randomized primers, 50 mM RNase inhibitor, 1,25 M 
DTT, 1 M RTE, and 10 uL RNA samples. The qPCR reac-
tion was done (94 °C, 4 min; 95 °C, 30 sc; 58 °C, 30 sc; 
72 °C, 30 sc; 72 °C, 10 min) in 25 µl reaction mixture con-
taining 10 µl 2X SYBR Green with reaction buffer, 1,5 µl 
forward and reverse primer, 4 µl cDNA template and 4 µl 
ddH2O. The qPCR primers are given in Table 1. Beta-actin 
was amplified as an internal control. Fold changes were 
calculated relative to BEAS-2B cells. All experimental con-
ditions were performed in technical triplicates. 
 
Results 
In this study, gene expression at transcription level of 
PTGS2, CALR, and MAGE-A3 genes in A549 cell line and 
BEAS-2B cell line with healthy bronchial epithelium were 
compared comparatively. The expression levels of PTGS2, 
CALR and MAGE-A3 genes were given in the A549 cell 
line, according to the BEAS-2B cell line, including the 
housekeeping gene Beta-actin in Table 2. Calculation re-
sults of Ct values and expression change rates of the stud-
ied genes can be seen in Table 2. 
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According to the real-time PCR analysis results, an in-
crease in the expression level of all three genes was ob-
served. Delta delta Ct (ΔΔCt) calculation of the results of 
the study showed that the expression increase rates of 
genes were 229,13 times in the PTGS2 gene for A549 cell 
line; 4,03 times in the CALR gene, and in MAGE-A3 gene, 
it was determined as 3.41 times. Expression fold-changes 
of the genes can be seen in Figure 1.  
 
Table 1. qPCR primers 

qPCR primers 

Gene Name   Primer sequences  

PTGS2  Forward ATCATTCACCAGGCAAATTGC            

PTGS2  Reverse  GGCTTCAGCATAAAGCGTTTG 

CALR Forward AAGTTCTACGGTGACGAGGAG           

CALR Reverse  GTCGATGTTCTGCTCATGTTTC 

MAGEA3 Forward AAGCCGGCCCAGGCTCGGT           

MAGEA3 Reverse  GCTGGGCAATGGAGACCCAC 

 
 
Table 2. Expression fold changes of the genes 

  

A549 
BEAS-
2B  
(control) 

Delta 
Ct  
ΔCt 
(A549)  

Delta Ct  
ΔCt 
(BEAS-
2B) 

Delta 
Delta 
Ct  
Calcu-
lation 
ΔΔCt 

Expres-
sion  
Change  
2^-ΔΔCt 

Ave-
rage CT 
value 

Average 
CT value 

Beta-Actin  
(house-kee-
ping gene) 

31,25 31,62         

PTSG2 17,93 26,14 13,32 5,48 -7,84 229,13 
CALR 14,37 16,75 16,88 14,87 -2,01 4,03 
MAGE-A3 22,78 24,92 8,47 6,70 -1,77 3,41 
 
 

 
Figure 1. Expression fold changes of the genes 
 

The analysis was carried out as a set of three replicate ex-
periments, and the average of the three was taken for the 
value to be based on. 
 
Discussion 
In this study, gene expression of PTGS2, CALR and 
MAGE-A3 genes in the A549 cell line modeling lung ade-
nocarcinoma and BEAS-2B cell line with healthy bronchial 
epithelium were compared comparatively. In the studies in 
the literature, it is stated that the expression of the PTGS2 
gene increases in many cancerous tissues and indirectly 
plays a role in angiogenesis and apoptosis resistance 
(9,10). In addition, increased expression in lung cancer has 
been associated with metastasis and invasion (11,12). In 
this study, expression of PTGS2 gene was determined by 
qPCR method in NSCLC adenocarcinoma cell line A549 
and healthy lung epithelial cell line BEAS-2B. Accordingly, 
in accordance with the results of previous studies in the 
literature, 229.13 fold increase in expression of PTGS2 
gene was detected in NSCLC A549 cell line compared to 
BEAS-2B, which is a healthy lung epithelial cell line. Simi-
larly, in 2014, Li and his team found that PTGS2 expres-
sion was very high in the A549 cell line. In this study, butein 
substance obtained from Rhus verniciflua and Butea mo-
nosperma plants, whose secondary metabolites are used 
in traditional treatments in China, was used as PTGS2 in-
hibitor. Butein treatment has been shown to reduce PTGS2 
mRNA and protein levels and promote cells to apoptosis 
(13). In our study, the other gene with high expression level 
in A549, which is the NSCLC adenocarcinoma cell line, is 
the CALR gene. Expression of the CALR gene was found 
to be 4.03 fold increased compared to the healthy lung cell 
line BEAS-2B. There are studies that have been suggested 
to play a role in the control of CALR protein, immune res-
ponse, wound healing, cell growth and division, cell migra-
tion, cell adhesion and apoptosis. (14).  In addition, there 
are study results showing that CALR protein plays an anti-
cancer role in the immune response and the increase in 
expression in cancer cells gives the cells apoptosis resis-
tance. A study conducted in China in 2012 suggested that 
CALR may be a biomarker for lung cancer as a result of 
the immunohistochemical experiment with CALR monoclo-
nal antibody (15). Contrary to the conclusion found in our 
study; In a study published in Germany in 2009 by Bergner 
and his team, it was revealed that CALR expression dec-
reased in lung cancer and hepatocellular cancer compared 
to healthy lung epithelial cells and Calcium homeostasis 
was very different between normal lung epithelial cells and 
cancerous lung cells  (16). Another gene studied was 
MAGE-A3, and expression of the MAGE-A3 gene increa-
sed by 3.41 times in the A549 NSCLC cell line compared 
to the BEAS-2B cell line. A study similar to our results in 
the literature is a study published by Thongprasert et al. In 
Taiwan in 2016. In the study, MAGE-A3 expression was 
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found in 26% of 377 samples taken from patients with East 
and Southeast Asian NSCLC. (17). In a study by Chen and 
his friends in the USA in 2016, it was observed that the 
expression of MAGE-A3 in NSCLC was related to the prog-
nosis (18).  In another clinical study conducted in Belgium 
in 2013, a 27-month 13-dose MAGE-A3 immunotherapy 
was performed on 182 NSCLC patients. In patients with 
high MAGE-A3 expression, a 35% regression in cancer 
was detected with this method, which was applied in the 
process after the surgical approach, and it was suggested 
that this application was at the minimum toxicity level and 
it could be initiated in the third phase studies (19). MAGE-
A3 protein is known as “lung cancer antigen”. In the name 
of lung cancer treatment development studies, “MAGE-A3 
vaccine” was applied in 2004. In the clinical trial applied in 
122 NSCLC patients with high expression of MAGE-A3 in 
diagnosis and in the early stages, 33% successful respon-
ses were obtained (20).   
In our study, in parallel with the studies in the literature, the 
expression of the MAGE-A3 gene increased by 3.41 times 
in A549 NSCLC cell line compared to BEAS-2B cell line. 
Our study results are in line with other study results in the 
literature. 
PTGS2, CALR and MAGE-A3 genes have relationships 
with the NF-κB pathway. NF-κB is a transcription factor di-
rectly related to cytokine production and cell survival in the 
immune response. It plays a primary role in vital functions 
such as immunity, cellular proliferation, inflammation and 
apoptosis. Dysfunction is directly related to inflammation, 
autoimmune diseases and cancer. The increased expres-
sion of the MAGE-A3 gene is thought to lead to the immor-
tality of the cell, keeping this signal path always open. High 
PTGS2 expression increases the activation of the NF-κB 
pathway by increasing the amount of PGE2. Increased ac-
tivation NF-κB signal path triggers BCL2 transcription and 
creates apoptosis resistance in the cell (3). On the other 
hand, the CALR protein has been reported to initiate an 
anti-inflammatory and anti-cancer response that activates 
the immune response, and even acts as a kind of extracel-
lular chaperone for the surrounding cancerous cells (21). 
As an example of its role in the anti-inflammatory response, 
it has been reported that it interacts with the NF-kinB sig-
naling pathway to increase the production of pro-inflamma-
tory cytokines. CALR also performs chaperone protein 
function via the NF-κB signal pathway (5) 
Based on all this information, it can be speculated that inc-
reased expressions of PTGS2 and MAGE-A3 genes can 
play a role in the cancer process by interacting with the NF-
κB signal pathway, by the proliferation of cancer cells and 
inhibition of apoptosis. In order to develop new treatment 
approaches in NSCLC, more studies are needed regarding 
PTGS2, CALR and MAGE-A3 genes and proteins, which 
are thought to induce carcinogenesis directly or indirectly. 
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