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Abstract: The link between thrombotic disorders and cancer has been known for over 150 years, although the precise 
mechanism of this relationship has not yet been resolved. Current data show that thrombin has a significant role in can-
cer metabolism, invasiveness, adhesion and survival. However, data regarding the expression of the thrombin precursor 
prothrombin in various cancer cell lines are scarce. Therefore, it was our objective to determine whether common cancer-
derived cell lines (Caco-2, MCF-7, SK-BR-3, U-87 and U-251) express prothrombin. The prothrombin RNA expression 
level was assessed by qPCR, and the presence of prothrombin was analyzed by Western blot analysis. Our results show that 
Caco-2 cells originating from colorectal adenocarcinoma express prothrombin, whereas other analyzed cell lines do not. 
Our results provide a background for further research into the role of (pro)thrombin in cancer etiopathology.
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INTRODUCTION

Cancer is a major health issue worldwide and one of 
the leading causes of death in the modern world, ac-
counting for more than 8 million deaths annually [1]. 
Cancer patients are prone to developing prothrombotic 
disorders with higher frequencies than the general 
population, which contribute significantly to the mor-
bidity and mortality of the primary disease [2]. This 
was first recognized by the French clinician Armand 
Trousseau, who noticed that gastric cancer patients have 
a higher risk of developing venous thrombosis [3]. It 
was later reported that idiopathic thrombotic events 
could be a sign of an underlying cancer [4]. Risk of 
venous thromboembolism (VTE) is 5 times higher in 
cancer patients than in the general population [5] and 
occurring VTE correlates with a poorer prognosis [6].

Prothrombin (72 kDa) is a precursor of thrombin 
that is predominantly synthesized in the liver and 
secreted into the bloodstream. Thrombin is a serine 
protease with a central role in hemostasis that involves 
both pro- and anticoagulant activities [7]. Apart from 
its main role, there is a significant amount of evidence 
regarding the effect of thrombin on cancer patho-
physiology. Thrombin influences cancer growth and 

invasion through protease-activated receptor (PAR) 
activation [8]. These G protein-coupled receptors are 
present on membranes of both healthy and cancer cells 
[9,10]. Activation of PAR receptors triggers increased 
transcription of growth factors and the different pro-
teins that regulate cell proliferation and death and 
whose overexpression leads to cancer invasion and 
metastasis [8,10]. Thrombin is also a potent activator 
of angiogenesis, which occurs through the activation 
of metalloproteinases and upregulation of expression 
of vascular endothelial growth factor (VEGF) and its 
receptors [11,12]. In addition, thrombin is involved 
in cancer progression through coagulation-dependent 

mechanisms by generation of fibrin clots. Therefore, 
it creates a microenvironment that protects cancer 
from the immune system, and it acts as a scaffold for 
various growth and proangiogenic factors [13,14]. 

Even though there is a vast amount of evidence 
for the role of thrombin in cancer progression, there 
are little data on prothrombin expression in different 
types of cancer. The aim of this study was to determine 
whether different cancer cell lines that represent some 
of the most common malignancies, such as breast, 
colorectal and brain tumors, express prothrombin.
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MATERIALS AND METHODS

Cell culture

Permanent cancer cell lines used in this study were: 
Caco-2 (ATCC® HTB-37™), MCF-7 (HTB-22™), SK-
BR-3 (ATCC® HTB-30™), U-87 (ATCC® HTB-14™) 
and U-251 (ECACC 09063001). Cells were cultured 
in Dulbecco’s Modified Eagle’s medium (DMEM, high 
glucose; Invitrogen, USA) supplemented with 10% fetal 
bovine serum (FBS; Gibco, USA) and an antibiotic/an-
timycotic mix that consisted of penicillin, streptomycin 
and amphotericin B at a final concentration of 100 μg/μL 
(PAA Laboratories, Austria). All media were enriched 
with Vitamin K (Konakion M, Roche, Switzerland) at a 
final concentration of 5 μg/μL. The cells were incubated 
at 37°C in a humidified atmosphere of 5% CO2.

Prothrombin expression analysis at the RNA level

Total RNA was isolated from cultured cells using TRI 
reagent solution (Invitrogen, USA), according to the 
manufacturer’s instructions. Healthy human liver RNA, 
which was kindly provided by Dr. Snežana Kojić, Insti-
tute of Molecular Genetics and Genetic Engineering, 
University of Belgrade, Serbia, served as the control. 
Reverse transcription was completed using a High 
Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, USA) containing 1 μg of total RNA. 

Prothrombin expression was determined by PCR 
using cDNA from cell lines as a template. The designed 
primers (Supplementary Table S1) were complementary 
to the region of the prothrombin gene consisting of the 
last intron and surrounding exon end sequence (Fig. 
1A). This enabled differentiation of the desired PCR 
products from possible genomic DNA contamination. 
The prothrombin fragment amplified from cDNA 
(275 bp) is shorter in length than the prothrombin 
fragment amplified from genomic DNA (418 bp) 
(Fig. 1A). Human genomic DNA isolated from the 
peripheral blood sample (200 ng) served as a PCR 
control. As an internal control, a fragment of the gene 
encoding glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH, 112 bp) was used (Supplementary Table S1). 
PCR fragments were analyzed by 10% non-denaturing 
polyacrylamide gel electrophoresis (PAGE) and visual-
ized by silver staining.

Real-Time PCR (qPCR) for relative quantification of 
prothrombin mRNA expression in Caco-2 and healthy 
human liver samples was performed using TaqMan 
Gene Expression Assays (Applied Biosystems, USA) 
on the Applied Biosystems 7500 Real-Time PCR. Each 
reaction was 10 μL in volume and performed in trip-
licates that consisted of 1x Universal PCR MasterMix, 
1x TaqMan Gene Expression Assays and 1.5 μL of 
cDNA. Relative gene expression levels were analyzed 
using GAPDH as a reference gene in ABI Prism 7500 
software (Applied Biosystems, USA).

Prothrombin expression analysis at the protein level

Cultured cells were collected, washed in PBS buffer 
(137 mM NaCl, 3.4 mM KCl, 1.8 mM KH2PO4, 10 
mM Na2HPO4, pH 7.2) and lysed using EBC buffer 
(50 mM Tris-HCl pH 7.5, 120 mM NaCl, 0.5% NP40, 
protease inhibitors mix (Roche Diagnostics GmbH, 
Germany)). Lysates were concentrated using Amicon 
Ultra 30K centrifugal filters (Millipore, USA) and final 
protein concentrations were measured by the Bradford 
method [15]. Prothrombin expression was deter-
mined by Western blotting. Two hundred µg of total 
cell lysates were separated by sodium dodecyl sulfate  

Fig. 1. Analysis of prothrombin gene expression. Schematic pre-
sentation of primers used in PCR analysis of prothrombin gene 
expression (A), and PCR analysis of prothrombin gene expression 
(B). M – DNA ladder, A – negative control, B – genomic DNA 
sample, C – liver tissue cDNA, D – Caco-2 cDNA, E – MCF-7 
cDNA, F – SK-BR-3 cDNA, G – U-87 cDNA, H – U-251 cDNA.
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(SDS)-PAGE and transferred to an Immobilon P mem-
brane (Millipore, USA). To achieve better detection, 600 
µg of Caco-2 lysate were loaded to SDS-PAGE. Healthy 
human liver protein lysate (200 µg), kindly provided 
by Dr. Snežana Kojić, Institute of Molecular Genet-
ics and Genetic Engineering, University of Belgrade, 
Serbia, and standard human plasma (0.5 µL) (Siemens, 
Germany) were used as positive controls, and HemosIL 
Factor II Deficient Plasma (0.5 µL) (Instrumentation 
Laboratory, USA) was used as a negative control. Ac-
tin was used as a loading control. Prothrombin was 
detected by incubation of the membrane with goat 
polyclonal Thrombin K-20 (Santa Cruz Biotechnol-
ogy, USA) as a primary antibody (dilution 1:1000) 
at 4°C overnight. Actin was detected by incubation 
with non-commercially synthesized mouse polyclonal 
primary antibody, diluted 1:3000 (a generous gift from 
Dr. Snežana Kojić, Institute of Molecular Genetics and 
Genetic Engineering, University of Belgrade, Serbia) 
at 4°C overnight. After short successive washes in 
TBST buffer (1 M Tris-HCl, pH 7.5, 5 M NaCl), the 
membranes were incubated with the corresponding 
rabbit anti-goat and rabbit anti-mouse IgG horserad-
ish peroxidase conjugate (dilution 1:80000) for 1 h 
at 4°C. Signal detection was performed by enhanced 
chemiluminescence (Western Lightning Plus-ECL, 
Perkin Elmer, USA)[16].

RESULTS

Analysis of prothrombin gene expression

To determine prothrombin expression, we performed 
PCR using cDNA from all 5 cell lines as a template. 
Results are shown on Fig. 1B. The prothrombin frag-
ment (275 bp) was detected in healthy liver tissue 
(control) and Caco-2 cell line samples. However, none 
of the other cell lines showed any prothrombin gene 
expression. Insignificant genomic DNA contamination 
(a 418 bp fragment) was detected. The GAPDH band 
(212 bp) was present in all cell line samples, proving 
satisfactory cDNA quality (Fig. 1B).

The relative level of prothrombin gene expression 
was assessed by qPCR. The obtained relative quantifica-
tion values (RQ) of the prothrombin mRNA level are 
shown in Table 1. The Caco-2 cell line showed ~100 

times lower prothrombin expression in comparison 
to the healthy liver tissue sample.

Analysis of prothrombin protein expression

Western blotting was used to determine the presence 
of prothrombin in cancer cell lysates. The prothrombin 
band was detected in the standard human plasma and 
healthy liver samples, whereas it was undetectable in 
the cancer cell lines (200 µg lysates) (Fig. 2A). However, 
prothrombin was detected in the Caco-2 lysate when 
a higher amount of lysate (600 µg) was separated by 
SDS-PAGE (Fig. 2B).

DISCUSSION

Prothrombin and its active form, thrombin, are key 
regulators of hemostasis, whose imbalance can lead 
to hemostatic disorders, with VTE being one of the 
most common. Apart from its main role in hemo-

Table 1. Relative quantification of prothrombin gene expression 
achieved by qPCR.
Sample Avg Ct Avg dCt RQ RQ min RQ max
Liver 23.206 -1.492 1 0.856 1.168
Caco-2 25.256 5.202 0.010 0.008 0.011

Avg – average; Ct – threshold; RQ – relative quantification

Fig. 2. Analysis of prothrombin protein expression. Western blot 
detection of prothrombin in all cell lysates (200 µg) (A); 1A – liver 
tissue lysate, 2A – FII deficient human plasma, 3A – standard hu-
man plasma, 4A – Caco-2 lysate, 5A – MCF-7 lysate, 6A – SK-BR-3 
lysate, 7A – U-87 lysate, 8A – U-251 lysate, and the Caco-2 lysate 
(600 µg) (B); 1B – FII deficient plasma, 2B – liver tissue lysate, 
3B – Caco-2 lysate, 4B – standard human plasma.
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stasis, thrombin has multiple roles in carcinogenesis 
[10,13,17]. Previous studies have shown that thrombin 
has a potent mitogenic effect and is also involved in nu-
merous cell functions [13]. Therefore, it was important 
to investigate whether various cancer cell lines express 
prothrombin. We opted for MCF-7 and SK-BR-3 cell 
lines originating from breast cancer, Caco-2, which is 
derived from colorectal adenocarcinoma, and U-87 and 
U-251 from glioblastoma. These cell lines are derived 
from some of the most common cancers associated 
with frequent thrombotic disorders.

Breast cancer is one of the most common human 
malignancies, accounting for 25% of all cancers in 
females worldwide [18]. Compared to subjects with-
out cancer, the risk of VTE in patients with cancer is 
increased three- to four-fold [19]. Colorectal adeno-
carcinoma is the third most common type of cancer. 
Patients with colorectal cancer have a higher occur-
rence of venous thromboembolism, with as many 
as 15.2% of patients associated with VTE [20-22]. 
Gliomas represent some of the most frequent and 
most lethal neoplasms of the central nervous system. 
Glioblastoma multiforme (GBM) is known for being 
one of the most life-threatening and aggressive types 
of cancer, accounting for 16% of all primary CNS 
malignancies [23]. The rate of VTE in patients with 
GBM is very high, at almost 30% [24]. Because of the 
increased levels of VEGF, GBM presents one of the 
most vascularized types of cancer [25].

In our study, of all the analyzed cell lines, prothrom-
bin expression was detected only in Caco-2 cells. 
According to our results, the Caco-2 cell line showed 
notably lower prothrombin expression in comparison 
to the liver sample. It should be mentioned that RNA 
was isolated from the liver tissue (not only hepatocytes), 
while Caco-2 RNA was isolated from a cultured cell line.

To detect prothrombin expression at the protein 
level, cell lysates were used as a sample for Western 
blotting. The prothrombin band was initially present 
in positive controls (healthy liver lysate and standard 
human plasma), but it was not detected in the cell-line 
samples. Considering that prothrombin expression 
in Caco-2 cells was confirmed at the RNA level at a 
significantly lower quantity than in the healthy liver 
sample, three-fold higher quantities of Caco-2 cell lysate 
were loaded on SDS-PAGE when the prothrombin 

band was detected in Caco-2 cells. It is known that 
Caco-2 cells are highly heterogeneous and tend to 
differentiate into subpopulations under certain condi-
tions [26,27]. There is the possibility that only a certain 
group of Caco-2 cells could synthesize prothrombin, 
which is in correlation with our findings of low and 
inconsistent prothrombin expression. However, based 
on our results we cannot claim which subpopulation 
is expressing prothrombin. Also, (pro)thrombin, via 
activation of PAR receptors, could additionally influ-
ence cell differentiation, as has been shown by Martin 
et al. [28] in smooth muscle precursor cells. Further 
research focused on establishing the prothrombin 
expression profiles of specific cell subpopulations is 
needed. This should pave the way for more answers to 
existing questions, such as which mechanism lies in 
the background of prothrombin expression in specific 
cancer cell subpopulations and how does this affect 
cancer development and progression.

Adams et al. [29] showed that Caco-2 cells express 
functional PAR-1 receptors and that thrombin influ-
ences the motility and growth of Caco-2 cells. Con-
sidering that Caco-2 cells express prothrombin and 
functional PAR receptors, it is likely that (pro)thrombin 
impacts colon cancer etiopathology. Furthermore, our 
results might provide first insights into prothrombin 
origin in this type of cancer, since all the analyses 
were performed using cell lines, thus eliminating the 
possibility of prothrombin uptake from the colon-
cancer microenvironment. On the other hand, due 
to the heterogeneity of colon cancer, the mechanism 
of prothrombin activation and its effects on cancer 
metabolism need further clarification.

We did not detect prothrombin expression in glio-
blastoma and breast cancer cell lines; however, there are 
studies that show that these cell lines express thrombin 
receptors. Studies have demonstrated that U-87 and 
U-251 cells express PAR-1 receptors, whereas U-87 
also express PAR-2 receptors [25,30]. The expression 
of PAR-1 and PAR-2 receptors has been determined 
for the MCF-7 cell line, while SK-BR-3 show no PAR-1 
expression [31]. Yamahata et al. [30] detected pro-
thrombin expression at the RNA and protein levels 
in patients’ glioblastoma tissue specimens using in 
situ hybridization. Considering that gliomas consist 
of various cells, such as endothelial and other inter-
stitial cells, it is difficult to determine the specific 
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origin of prothrombin expression. The authors have 
also shown that thrombin, through PAR receptors, is 
involved in VEGF secretion in U-87 and U-251 cell 
lines in a dose-dependent manner. Zucker et al. [32] 
have demonstrated that prothrombin could be acti-
vated on both endothelial and cancer cells through 
the stimulatory effect of VEGF on the coagulation 
cascade. However, the source of prothrombin and the 
mechanism of its further activation remain unclear. 
Even though the cell lines used in this study, with the 
exception of Caco-2, did not show any prothrombin 
expression, there is the possibility that glioblastoma 
and breast cancer cells uptake exogenous thrombin 
or activate prothrombin from the surrounding blood 
vessels, which supports tumor progression by way of 
activation of PAR receptors.

Further research involving thrombin and its role 
in cancer metabolism could examine thrombin as a 
cancer treatment. Studies have shown that anticoagula-
tion therapies have inhibited tumor progression and 
metastasis, as was shown for breast and prostate cancer 
[33-36]. Furthermore, dabigatran, a direct thrombin 
inhibitor, enhanced the antitumor effects of cisplatin 
in vivo [37]. A plethora of studies indicate that throm-
bin could be a potentially powerful target for treating 
various tumors, which is why it is of great importance 
to further research and identify the mechanisms by 
which (pro)thrombin is expressed and acts in cancer.

CONCLUSIONS

Expression of the prothrombin gene was determined 
for Caco-2 cells, while for the other cell lines (MCF-7, 
SK-BR-2, U-87 and U-251) prothrombin expression 
was not detected. Our results point to the potential role 
of prothrombin expression in certain cancers, such as 
colorectal adenocarcinoma. However, further research 
is needed to elucidate cancer-induced prothrombin 
expression and cancer-specific mechanisms in the acti-
vation of prothrombin expression, as well as the role of 
prothrombin in cancer development and progression.
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