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Abstract. Proteinase-activated receptor 2 (PAR-2) is 
a ubiquitous surface molecule. It belongs to the fam-
ily of G protein-coupled receptors activated by site-
specific proteolysis by trypsin. Altered function of 
PAR-2 has been described in different malignant tu-
mours, both in vivo and in vitro. In the present study, 
we investigated differences of metastatic spread of 
B16 melanoma in knock-out animals compared with 
C57Bl6 mice. Knock-out mice B6.Cg-F2rl1tm1Mslb/J 
(PAR2-/-) and C57Bl6 controls were subcutaneously 
inoculated with the B16 melanoma tissue cell line. 
Fourteen days after inoculation, all primary tumours 
were removed and histopathologically analysed. 
After one month, animals in both group started to 
die. Autopsy showed metastatic spread of the mela-
noma to various organs in both groups. Our experi-
ment confirmed growth and metastatic spread in 
both groups of mice. Excised tumours differed in vol-
ume and weight; average weight (0.62 g in PAR2-/- 
and 0.4 g in control animals). Metastatic spread was 
observed in both groups and reached 80 % in PAR2-/- 
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and 50 % in control animals. While in control mice 
only lung metastases were observed, local tumour 
recurrence, renal and lung metastases were observed 
in PAR2-/- mice. The absence of functional PAR-2 
could be an important factor influencing the growth 
and spread of melanoma in vivo, probably associated 
with tumour cell migration, invasiveness and metas-
tasis formation. 

Introduction
The role of various proteinases and their inhibitors in 

cancer development and malignant behaviour and the 
relationship of these enzymes to the prognosis of cancer 
is a constant topic of discussion in professional litera-
ture. The role of tissue matrix metalloproteinases, cath-
epsins and other enzymes produced by cancer cells has 
been extensively investigated. However, there are many 
other enzymes produced by malignant cells and/or tu-
mour-associated cells such as fibroblasts and immuno-
competent cells. One of these enzymes, trypsin, is a pro-
teinase that is produced by many tissues including 
exocrine pancreatic and intestinal Paneth cells; addi-
tionally, enhanced production of trypsin has been re-
ported in malignant cells. Trypsin and similar enzymes 
act on the cell surface via specific receptors – protein-
ase-activated receptors (PARs). 
Proteinase-activated receptor 2 (PAR-2) is a ubiqui-

tous surface molecule participating in many biological 
processes. It belongs to the family of G protein-coupled 
receptors activated by tethered ligand sequences within 
the amino-terminal part of the molecule that is made ac-
cessible by site-specific proteolysis. PAR-2 activation, 
after site-specific proteolysis of the N-terminus by 
trypsin and presentation of the tethered ligand sequence 
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(SLIGRL in mice) to extracellular domains of the recep-
tor, participates in tissue growth and differentiation, re-
generation and repair, inflammatory response regulation 
and also in malignant transformation (Adams et al., 
2011; Hansen et al., 2011). The role of environmental 
body rate of proteinases (including trypsin and trypsin-
like ones) and anti-proteinases, resulting in a “certain” 
level of proteolytic activity influencing PAR-2 relative 
to tumour cells, has already been investigated in an in 
vitro model of breast cancer (Matej et al., 2007). 
Addition of trypsin to medium lacking foetal calf serum 
(FCS) demonstrated poor cellular growth, most proba-
bly caused by attenuated surface adhesion, since the 
metabolic activity of breast cancer cells was higher in 
trypsin-treated groups in the presence or absence of 
FCS. Taken together, the action of trypsin via PAR-2 has 
been clearly demonstrated; however, this action was li
mited by the presence of anti-proteinases in the plasma.

On the other hand, despite its ubiquitous body distri-
bution, the role of PAR-2 in the stromal, non-tumourous 
tissues, in cancer growth and metastasis formation is 
still poorly understood, while the altered function of 
PAR-2 has been described in a variety of malignant tu-
mours (Nakanuma et al., 2010; Suen et al., 2010; Wang 
et al., 2010; reviewed by Elste and Petersen, 2010). 
However, only a few of the current studies suggest an 
important role for PAR-2 in cancer tissue development 
and local progression (Zhang et al., 2009; Mannowetz et 
al., 2010; Yang et al., 2010), and very little is known 
about the role of PAR-2 in development of distant me-
tastases.

For these reasons, we sought to evaluate the systemic 
behaviour of cancer in a metastatic model in which 

knock-out animals lacking PAR2 genes were inoculated 
with different malignant cell cultures. As a pilot study, 
we decided to evaluate the role of PAR-2 in the general-
ized spread of melanoma B16 in PAR2 knock-out mice 
compared to our previous observations using wild-type 
(WT), C57Bl6, mice (Wald et al., 2001). 

Material and Methods

Animals

The study was performed in accordance with guide-
lines on animal experimentation of the First Faculty of 
Medicine, Charles University in Prague and all proce-
dures were approved by the animal experimentation re-
view committee. In the experiment, seven male inbred 
PAR-2-deficient B6.Cg-F2rl1tm1Mslb/J mice (Jackson 
Laboratories, Bar Harbor, ME) and wild-type inbred 
C57Bl6 mice (body weight = 18–20 g – AnLab s.r.o., 
Charles River, Prague, Czech Republic) were used. 
Mice were kept in a barrier facility for animals, provid-
ed with radiation-sterilized bedding (SAWI Research 
Bedding, JELU-WERK, Germany), fed with radiation-
sterilized ST-1 diet (Bergmann, Prague, Czech Repub
lic), and received autoclaved water ad libitum.

RT PCR
Total RNA was used for evaluation of the PAR-2 sta-

tus in both groups of animals (TRIzol®Reagent, 
Invitrogen, Grand Island, NY). Primers for PAR2 were 
5’ - T G G C CAT TGGAG T C T T C C TG T T- 3’ , 
5’-TAGCCCTCTGCCTTTTCTTCTC-3’, and for PAR1 
5’-TCCTTTCTCACACTTCCACC-3’ and 5-GTTCA- 
GGGCTAAACTCTACC-3’. DNA polymerase was used 
for reverse transcription and PCR (SuperScript® III 
One-Step RT-PCR System with Platinum®Taq; Invit
rogen, Grand Island, NY). Amplification cycles consist-
ed of 45 s at 93 °C, 45 s at 55 °C and 1 min at 72 °C for 
30 cycles. The PCR reaction was performed in a PCR 
thermo-cycler (MJ Research, Bio-Rad Laboratories, 
Inc., Hercules, CA). Products were analysed electropho-
retically in 1% agarose gel with ethidium bromide.  

Tumour cells
B16 melanoma cells were diluted to a concentration 

of 4.0 × 106/0.2 ml in suspension. Under thiopental an-
aesthesia, B16 cells, at the above-mentioned dose, were 
subcutaneously inoculated into the PAR2-/- and WT 
C57Bl6 mice, on the left side of the trunk. 

Tumour growth
Fourteen days after the B16 melanoma cell subcuta-

neous transplantation, the primary tumours were re-
moved and measured. The volume was calculated from 
the formula {V = 1/2.A.B2} where A = the largest di-
mension of the tumour, B = the smallest dimension of 
the tumour. The malignant aetiology of the process was 
checked histologically. 
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Fig. 1. RT PCR demonstrated the presence of PAR-1 in 
both groups of mice and lack of PAR-2 in knock-out ani-
mals and its expression in controls, W - wild type and KK 
– knock-out
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Fig. 2. Volume of explanted tumours was higher in knock-out animals than in controls

Observation, autopsy and histology
Deterioration of animals was followed in both groups 

every day for a total of 100 days. All surviving animals 
were sacrificed after this time period. Dissection and 
histological verification was carried out in all animals, 
those that died of the disease and those that were sacri-
ficed after 100 days. The lung, liver and local recurrences 
of primary tumours and metastases into the axillary 
lymph nodes, as far as they were macroscopically dis-
tinct, were subjected to histopathological examinations. 
Additionally, they were fixed in 10% buffered formalin 
and embedded in paraffin blocks. Five µm serial slices 
were subsequently prepared and stained with haematox-
ylin-eosin (HE). The lungs were embedded in toto ac-
cording to the above procedure and transversally cut at 
the level of the heart ventricles, and the prepared paraf-
fin blocks were cut serially. After HE staining, metastatic 
processes were either verified or excluded. 

Statistics
The standard two-sampled t-test was used for testing 

tumour weight comparisons between WT and PAR2-/- 

groups. The same test was used for comparing the tu-
mour volume between WT and PAR2-/- groups. Survival 
curves of WT and PAR2-/- groups were tested as statisti-
cal distributions using the two-sampled Kolmogorov-
Smirnov test of distribution equality. All the statistical 
calculations were performed using the MATLAB Sta
tistical Toolbox (MathWorks, Natick, MA), with a criti-
cal probability of 0.1 in response to small sample sizes.

Results and Discussion
Using RT PCR we confirmed that the knock-out ani-

mals were lacking PAR-2 RNA (Fig. 1). Our experiment 
confirmed growth and metastatic spread in both groups 
of mice and met the primary objective of this pilot study, 
i.e. verification of metastatic tumour dissemination in 
PAR2-/- mice. 
The excised tumours differed in volume (Fig. 2); the 

tumours also differed in average weight; 0.62 g in PAR2-/- 
and 0.4 g in the control animals (Fig. 3). The tumour 
weight equality hypothesis for WT vs. PAR2-/- groups 
was not rejected (P value = 0.186). The tumour volume 

Fig. 3. Weight of explanted tumours was higher in knock-out animals than in controls
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differences between groups were significant (P value = 
0.057). Microscopically, we observed regressive changes 
in primary tumours (pigmented melanoma) in both 
groups of investigated animals. Distant metastases were 
recorded in 2/3 (0.667) of WT animals and in 5/7 (0.714) 
of PAR2 -/- animals without any statistically significant 
difference. Metastatic spread was observed in both 
groups and reached 80 % in PAR2-/- and 50 % in control 
animals. In control mice, only lung metastases were ob-
served (Fig. 4); however, local tumour recurrence, renal 

and lung metastases were observed in PAR2-/- mice 
(Table 1). Only mice with recorded metastatic spread 
contributed data to survival analyses. A difference in 
survival times between animal groups was observed; 
knock-out animals had shorter average survival (47.2 
days) compared to the controls (57.5 days). Statistically, 
there were no significant differences between survival 
curves (P value = 0.8271) of WT and PAR2-/- groups. 
However, it is worth mentioning that these data are only 
preliminary and cannot be statistically evaluated any 
further because of the small numbers of investigated 
animals (Fig. 5). 

Despite the fact that our study was not designed to 
evaluate differences between the groups, one interesting 
observation jumps to centre-stage and fairly seeks schol-
arly attention. Tumours in the PAR2-/- mice were larger 
and heavier; additionally, the metastatic spread of these 
tumours involved other organs (kidney) and local recur-
rences were observed in this group of mice as well. 
These findings may raise important questions about the 
role of PAR-2 in the environment for tumour growth and 
dissemination despite its presence or absence on tumour 
cells themselves. PAR-2 acts as a pro-inflammatory 
agent inducing production of different mediators (Al-
Ani et al., 2010; Yoshida et al., 2011), vasodilatation 
(Bhatt et al., 2010) and increased vascular permeability 
(Kawabata et al., 1998). Links between cancer spread, 
inflammation, vascular growth and coagulation/fibrino
lysis are obvious, and the direct action of PAR-2 has al-
ready been partly elucidated (McEachron et al., 2010). 
PAR-2, in general, appears to be involved in many pro-
cesses related to membrane internalization and intracel-
lular sorting (Déry et al., 1999; Soh et al., 2010); how-
ever, it also seems to play an important role in the 
immune system. PAR-2 directly triggers development 
of dendritic cells (Fields et al., 2003; Jiang et al., 2010) 
and promotes dendritic cell antigen transport and T-cell 
activation in vivo (Ramelli et al., 2010). It is obvious 
that  the absence of PAR-2 can lead to attenuation of the 
specific cellular anti-tumour activity, although further 
investigations are needed to verify this hypothesis. 

Conclusion
The absence of functional PAR-2 could be an impor-

tant factor influencing the growth and spread of mela-

Fig. 4. Metastasis of the tumours in the lungs in control 
animal (A) and in knock-out mouse (B). Pigmented highly 
malignant tumour is compatible with melanoma. There are 
slightly more prominent regressive changes in the tumour 
of the wild-type animal.

Table 1. Evaluation of the metastatic spread in both groups of animals

WT PAR2-/-
Lung Local forelimb and hindlimb lymph node, lung 
Lung Local forelimb and lung 
No metastasis recorded Local hindlimb lymph node, kidney, lung 
No metastasis recorded
(died only one day after tumour extirpation, 
not entered into the survival analysis)

Lung 
Lung 
No metastasis recorded 
No metastasis recorded

R. Matěj et al.



Vol. 58	 85

noma in vivo, probably through the process of tumour 
cell migration, invasiveness and metastasis formation. 
However, further studies involving larger samples sizes 
will be needed to confirm our results. 
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