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                                 Abstract 

In this study, the expression levels of Keratin 19 (KRT 19) and Transmembrane 

serine protease 4 (TMPRSS4) genes in metastatic pancreatic cancer cell line 

SU.86.86 and nonmetastatic pancreatic cancer cell line BxPC3 cells were been 

determined and the capacity of these two genes to be metastatic biomarkers in 

pancreatic cancer is aimed to be evaluated. Genomic DNA was isolated from BxPC3 

and Su8686 cell lines, which we replicated in culture medium, and then cDNA was 

obtained. By using gene-specific primers, expression levels of KRT 19 and TMPRSS4 

genes were determined at the transcriptional level by real time PCR method. At the 

end of this study TMPRSS4 gene expression was found to be 1.31-fold decreased and 

KRT19 gene expression was found to be 1234-fold increased in the metastatic 

pancreatic cancer cell line SU8686. TMPRSS4 gene expression was found to be 2.38-

fold decreased and KRT19 gene expression was found to be 183-fold increased in the 

non-metastatic BXPC3 cell line. In pancreatic cancers, where survival is very low, 

most of the patients are in the metastatic process at the time of diagnosis. For this 

reason, there is an urgent need for metastatic biomarkers that can provide information 

about the prognosis of the disease. In this study, the expression of the KRT19 gene at 

the transcriptional level was found to be quite high in the metastatic pancreatic cancer 

cell line. For this reason, it is thought that studies with large patient groups may be 

beneficial as a metastatic biomarker candidate in pancreatic cancer.
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Introduction 

Pancreatic cancer is a deadly cancer type that has 

been increasing in frequency in recent years. Age, 

obesity, long-term smoking and alcohol use, pre-

existing chronic pancreatitis, and family history 

are among the important risk factors (Goral, 2015; 

Klein, 2021). The most common histological type 

of pancreatic cancer is pancreatic ductal 

adenocarcinoma, which has a very poor prognosis. 

Even in cases where PDAC can be surgically 

removed, the recurrence rate of local or 

widespread disease is high (De Abreu et al., 2017; 

Dugnani et al., 2018; Park et al., 2021; Siegel et 

al., 2012). In addition to inherited germline or 

somatic acquired mutations in cancer-associated 

genes, epigenetic changes in DNA and histones 

also contribute to the pathogenesis of PDAC. More 

than 85% of PDAC patients are diagnosed with 

metastases, usually at an advanced stage (Hidalgo, 

2010; Wood et al., 2022). However, the cellular 

and molecular mechanisms involved in the 

metastasis and poor prognosis of PDAC have not 

yet been fully elucidated. Therefore, it is crucial to 

identify metastasis-associated biomarkers that will 

serve for early detection of PDAC. 

Human keratin-19 (KRT19) is a type I keratin 

protein that has 40 kDa molecular weight encoded 

by the KRT19 gene. Keratin proteins are 

intermediate filament proteins responsible for the 

structural integrity of epithelial cells. They play an 

important role in stress, cell signaling and 

apoptosis by participating in the formation of the 

cytoskeleton (Rogel et al., 2010). KRT19 gene has 

been reported to be overexpressed in breast cancer, 

thyroid cancer, hepatocellular carcinoma, 

pancreatic cancer, oral squamous cell carcinoma 

and renal cell neoplasia (De Albuquerque et al., 

2012; Govaere et al., 2014; Kabir et al., 2014; 

Menz et al., 2021; Okamoto et al., 2013; Paiva et 

al., 2011; Prasad et al., 2005; Yang et al., 2024).  

Another gene whose expression level was 

investigated in our study is transmembrane serine 

protease 4 (TMPRSS4) gene that encodes 

TMPRSS4 protein. Although the oncogenic 

significance and molecular mechanisms of 

TMPRSS4 protein is not known exactly, it has 

been reported to be highly expressed in pancreatic, 

thyroid, lung and other cancer cells (Liang et al., 

2013; Tazawa et al., 2022). TMPRSS4 has been 

reported to be overexpressed in pancreatic cancer 

(Wallrapp et al., 2000) and has been proposed as a 

diagnostic marker for malignant thyroid neoplasms 

(Kebebew et al., 2005). TMPRSS4 has been 

reported to increase the invasive and metastatic 

potential of human cancer cells by facilitating 

epithelial-mesenchymal transition (EMT) (Jung et 

al., 2008; Kim, 2023). To optimize the therapeutic 

treatment to be applied in pancreatic cancer, 

guiding prognostic biomarkers are urgently 

needed. Therefore, in this study, the expression 

levels of KRT19 and TMPRSS4 genes at the 

transcriptional stage in metastatic and non-

metastatic pancreatic cancer cell lines were 

determined and their potential as biomarkers were 

investigated. 

Material and methods 

Cell culture 

SU8686 metastatic and BxPC3 non-metastatic 

human pancreatic cancer cell lines were used in 

this study. The medium was prepared as 10% FBS 

(fetal bovine serum) and 1% Penicillin/streptomycin 

in RPMI-1640. The cell suspension was 

transferred to 25 cm2 flasks containing 5 ml of 

medium and incubated at 37°C in an environment 

containing 5% CO2. For passaging the cell lines, 
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Table 1. Desinged primer sequences 

Gene name  Primer Sequence 

GAPDH Forward CATGGCCTTCCGTGTTCCTA 

GAPDH Reverse TACTTGGCAGGTTTCTCCAGG 

TMPRSS4 Forward CCTGGCGAGTATCATCATTGTG 

TMPRSS4 Reverse GATCGGTCCTTGGAGAGGCG 

KRT19 Forward CGGGACAAATTCTTGGTGCC 

KRT19 Reverse ATCCAGCACCCTGCGCAGGCC 

 

the cell suspension was transferred to 75 cm2 

flasks and incubated at 37°C with 5% CO2. The 

cells were multiplied until the desired number was 

reached. Cells were counted by haemocytometer.  

Total RNA isolation 

Total RNA was isolated from 1x106 cells using an 

RNA isolation kit (Omega Bio-tek, R6836). Total 

RNA was isolated and the collected RNAs was 

stored at -80°C. 

cDNA syntesis and Real time PCR reaction 

QuantiTect Reverse Transcription Kit from Qiagen 

was used for cDNA synthesis. Each gene-specific 

primers designed to be used in quantitative PCR 

reaction for gene expression analysis are shown in 

Table 1. Corbett Research Real-time PCR Thermal 

Cycler was used for amplification. 12 µl of Sybr 

Green 2X (HibriGen brand, catalogue number mg-

sybr-01-400) was added to the reaction tube, 0.5 µl 

of each of the reverse and forward primers were 

added, 3 µl of cDNA sample and 4 µl of nuclease-

free water were added. The reaction steps consist 

of 36 cycles; 95 °C for 30 seconds for 

denaturation, 58 °C for 30 seconds for annealing 

and 72 °C for 30 seconds for elongation. 

Results and discussion 

As a result, Ct changes in TMPRSS4 and KRT19 

gene expressions in metastatic and non-metastatic 

cell lines are given in table 2 and table 3. 

SU8686 and BXPC3 cell lines were used as 

experimental groups and human epithelial cell line 

BEAS-2B was used as the control group. 2-∆∆Ct 

calculation for each gene were performed 

independently in 3 replicates and the average of 

these three experiments was used for gene 

expressions analysis. As a result of gene 

expression levels compared to BEAS-2B control 

cell line, we found that expression of TMPRSS4 

gene decreased 1.31-fold and a expression of 

KRT19 gene increased 1234-fold in metastatic 

SU8686 cell line (Table 2 and Figure 1A), 

expression of TMPRSS4 gene decreased 2.38-fold 

and expression of KRT19 gene increased 183-fold 

in non-metastatic BXPC3 cell line (Table 3 and 

Figure 1B). 

Pancreatic cancer is a dangerous type of cancer 

that has been increasing in recent years and  

biological function of the TMPRSS4 gene in 

pancreatic ductal adenocarcinoma (PDAC) 

remains unclear. In this study, in contrast to 

previous studies in the literature, we found that
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Table 2. Results of fold change calculation with average Ct values in SU8686 cell line 

 

Average Ct 

Value 

(BEAS-2B) 

Average Ct 

Value 

(SU8686) 

∆Ct 

(BEAS-2B) 

∆Ct 

(SU8686) 

Expression 

Change 

(Fold) 

2-∆∆Ct 

PRSS4 31,92 33,33 -11,16 -11,74 0,76 

KRT19 30,78 21,54 -10,22 0,05 1234,74 

GAPDH 20,56 21,59    

 

Table 3. Results of fold change calculation with average Ct values in BXPC3 cell line 

 

Average Ct 

Value 

(BEAS-2B) 

Average Ct 

Value 

(BXPC3) 

∆Ct 

(BEAS-2B) 

∆Ct 

(BXPC3) 

Expression 

Change 

(Fold) 

2-∆∆Ct 

TMPRSS4 31,92 33,75 -11,36 -12,59 0,42 

KRT19 21,16 23,86 -10,22 -2,7 183,54 

GAPDH 20,56 21,16    

 

TMPRSS4 gene expression is low in both a 

metastatic pancreatic cancer SU8686 cell line and 

a non-metastatic pancreatic cancer BXPC3 cell 

line. Kim et al. (2012) and Cheng et al. (2019) 

reported that TMPRSS4 affected the proliferability 

and invasiveness of pancreatic cancer cells and 

overexpressed TMPRSS4 indicated poor prognosis 

in pancreatic cancer. Moreover, especially the 

expressions of TMPRSS4 and ECT2 genes were 

reported to be high and both genes may be 

involved in the development of PDAC and may be 

a potential therapeutic target in patients with 

PDAC (Bhasin et al., 2016). Contrary to our study 

results, another study found a high transcriptional 

expression level of the TMPRSS4 gene was done 

by the Gu et al. (2021). These researchers were 

reported that expression levels of the TMPRSS4 

gene were high in pancreatic cancer cell lines, 

including AsPC-1, BxPC-3, Capan-1, CFPAC-1, 

Hs766t, PANC-1, and SW1990. The researchers 

also reported that the expression of TMPRSS4 was 

significantly elevated in the cancerous tissues of 

97 patients diagnosed with pancreatic ductal 

adenocarcinoma (PDAC) compared to normal 

pancreatic tissue, and this elevation was correlated 

with shorter survival times in the patients. Hereby, 

they suggested that TMPRSS4 expression could be 

prognostic biomarker and a potential therapeutic 

target in PDAC. Similar to this study, in a study 

conducted by Tazuma et al. (2024) in 81 

pancreatic ductal adenocarcinoma patients, the 

five-year overall and recurrence-free survival rates 

were significantly lower in the TMPRSS4-positive 

group than in the TMPRSS4-negative group.
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Figure 1. Relative gene expression of TMPRSS4 and KRT19 genes. BEAS-2B is normal cell line. (A) TMPRSS4 gene 

expression was found to be 1.31-fold decreased and KRT19 gene expression was found to be 1234-fold increased 

in the metastatic pancreatic cancer cell line SU8686. (B) TMPRSS4 gene expression was found to be 2.38-fold 

decreased and KRT19 gene expression was found to be 183-fold increased in the non-metastatic BXPC3 cell line. 

 

 

Another gene we investigated in our study was 

Keratin 19 (KRT19). Studies have shown that 

Keratin19 has the potential to be a reliable 

prognostic marker in different tumors. In these 

studies, high expression of Keratin19 has been 

associated with poor survival (Barak et al., 2004; 

Karantza, 2011). Despite clinical data showing a 

positive correlation between increased KRT19 

expression and short survival rates among patients 

with various cancer types, the role of KRT19 in 

some cancer types, such as breast cancer, remains 

unclear. On the other hand, findings from studies 

with hepatocellular carcinoma (Tang et al., 2014), 

oral squamous cell carcinoma (Crowe et al., 1999), 

and lung cancer (Ohtsuka et al., 2016) cell lines 

have shown that KRT19 may have an effect on cell 

proliferation and migration (Sharma et al., 2019). 

Although various studies have been conducted on 

KRT19 in different solid tumor types, studies on 

pancreatic cancer are limited. In this study, the KRT19 

gene was found to be high at the transcriptional level 

in metastatic and non-metastatic SU8686 and 

BXPC3 cell lines, respectively. In addition, the fold 

 

change increase in the expression level of the 

KRT19 gene was found to be much higher in the 

metastatic pancreatic cancer cell line SU8686 than 

in the non-metastatic BXPC3. These findings 

regarding the KRT19 gene are parallel to the 

limited number of studies in the literature. For 

example; in a study conducted by Yao et al. (2017) 

it was observed that KRT19 gene expression was 

higher in pancreatic ductal adenocarcinoma than in 

pancreatic tissues with benign lesions. In addition, 

in a study conducted by Brembeck and Rutsgi 

(2000), it was found that although pancreatic 

acinar cells do not normally express KRT19, they 

overexpress KRT19 under the influence of gut-

enriched Krüppel-like factor (GKLF/KLF4) and 

Sp1 transcription factors. In a study conducted by 

Dugnani et al. (2018), mRNA levels of various 

genes, including KRT19, were examined in 17 

pancreatic ductal carcinoma (PDAC) cell lines and 

41 PDAC patient tumor samples. At the end of the 

study, the expression of the KRT gene was found 

to be high and it was stated that this was correlated 

with low survival and early disease recurrence. In 
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a meta-analysis study including pancreatic 

endocrine tumors (PNETs), which constitute 1-2% 

of all pancreatic tumors, a relationship was found 

between KRT19 expression and short-term 

survival, and it was stated that KRT19 could be 

used as a poor prognosis marker in PNETs (Cen et 

al., 2017). Another study conducted in 2024 

supports the study results summarized above. In 

this study Bekker et al. (2024) was found that 

expression of glypican-3 (GPC3) and cytokeratin-

19 (CK19) determined by immunohistochemistry 

to be associated with higher stage and grade 

disease, with a more adverse prognosis. We 

believe that we have contributed to the very few 

studies in the literature with this study.  

Conclusion  

In pancreatic cancer, where survival is quite low, it 

is extremely important to elucidate the cellular and 

molecular mechanisms involved in the metastatic 

process. Therefore, more studies are needed to 

identify biomolecules associated with metastasis, 

which will serve for early diagnosis of pancreatic 

cancer. In this study, which was planned based on 

this, the expression of the KRT19 gene was found 

to be high in both metastatic and non-metastatic 

cell lines, with a much higher expression in the 

metastatic pancreatic cell line. It is thought that the 

KRT19 gene has the potential to be a metastatic 

biomarker in pancreatic cancer, and it is 

recommended to study it in large patient groups. 
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