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Abstract There is substantial evidence implicating the

urokinase system in tissue remodeling during neo-vascu-

larization, inflammation, tumor invasion, and metastasis.

Regulated degradation of the extracellular matrix at the

leading edge of migrating cells, mediated by uPA and

uPAR, is required for tissue remodeling, invasiveness, and

angiogenesis. Psoriasis and basal cell carcinoma (BCC) are

the most common skin diseases. Pathogenesis of both of

them is associated with keratinocyte hyperproliferation,

inflammatory cell migration, and angiogenesis—processes

in which the plasminogen system (uPA, uPAR, tPA, and

PAI-1) plays a crucial role. In the present study, the

comparative analysis of uPA, uPAR, tPA, and PAI-1

expression in the normal skin, in the biopsies of patients

with psoriasis vulgaris, and BCC was carried out. uPA,

uPAR, and PAI-1 expression was up-regulated in the epi-

dermis of psoriatic skin and in tumor cells in BCC.

Increased uPAR expression was detected in the derma of

psoriatic lesions and in the stroma surrounding tumor cells

in BCC. Increased expression of uPA in epidermal cells in

psoriasis and in tumor cells in BCC suggests an important

role of the uPA system for aggressively proliferating and

invading cells of epidermal origin. A possible activation of

the stroma, as a result of uPA–uPAR interaction between

tumor cells and the surrounding stroma, is suggested.

Keywords Urokinase � Urokinase receptor � Psoriasis �
Basal cell carcinoma

Introduction

It is generally recognized that the plasminogen/plasmin

system, consisting of urokinase plasminogen activator

(uPA), uPA receptor (uPAR), tissue-type PA (tPA), and

plasminogen activator inhibitors (PAI-1 and PAI-2), plays

a crucial role in tissue repair and remodeling by regulating

cell migration, extracellular matrix degradation, and acti-

vation of growth factors and metalloproteinases

[2, 53, 54, 67]. Inactive proenzyme plasminogen can be

converted into the active enzyme, plasmin. Plasmin is a

trypsin-like serine protease with broad specificity. It can

directly degrade matrix components such as laminin and

collagen type IV, and is capable of activating latent col-

lagenases and matrix metalloproteinases (MMPs). Two

physiological plasminogen activators (PAs) have been

identified: tissue-type PA (tPA) and urokinase (uPA), but

only urokinase has a specific high affinity receptor on the

cell surface (uPAR). The tPA-mediated pathway is pri-

marily involved in fibrin homeostasis [1]. Precise temporal

and spatial regulation of extracellular proteolisis mediated

by uPA and its receptor is required for tissue remodeling,

cell migration, e.g., inflammatory reactions, invasive

growth of cancer cells and angiogenesis. Inhibition of

plasminogen/MMP system at the level of PAs is mediated

by specific plasminogen activator inhibitors (PAI-1 and

PAI-2) at the level of plasmin primarily by a2-antiplasmin,

and at the level of MMPs by tissue inhibitors of MMPs

(TIMPs) [5, 12, 65].

It has been found that the urokinase system (uPA and

uPAR) plays an important role in tumor growth and

& K. A. Rubina

rkseniya@mail.ru

1 Lomonosov Moscow State University, 31-5, Lomonosovsky

av., Moscow 119192, Russia

2 Russian Cardiology Research Center, 3-rd Cherepkovskaya,

15a, Moscow, Moscow 121552, Russia

123

Arch Dermatol Res

DOI 10.1007/s00403-017-1738-z

Author's personal copy

http://orcid.org/0000-0001-9885-9056
http://crossmark.crossref.org/dialog/?doi=10.1007/s00403-017-1738-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00403-017-1738-z&amp;domain=pdf


metastasis. Elevated expression of uPA and its receptor

correlates with poor prognosis, and is associated with

advanced cancers, including the occurrence of metastasis

[7, 11, 13, 18, 27, 39]. The activation of uPA and uPAR in

brain, lung, colorectal, prostate, ovarian, and breast cancers

[18, 30, 31, 63, 71] has been reported. uPAR is unique as it

is rarely expressed in normal quiescent tissues, whereas its

expression is highly increased in several tumor types,

suggesting uPAR as a potential marker of malignancy [12].

Though tPA has been detected in normal and some

malignant tissues, uPA is more commonly associated with

malignancies [39].

Non-melanoma skin cancer, in general, is an increasing

problem for health care services in the world and its inci-

dence is growing with the highest rates for BCC

[36, 38, 40]. BCC is the most common skin carcinoma with

low-grade malignancy [21]. The pathogenesis of both

psoriasis and BCC is associated with keratinocytes hyper-

proliferation, inflammatory cells migration, and angiogen-

esis—the processes in which plasminogen system plays an

important role [10, 16, 33, 56, 69]. Nevertheless, very few

investigations of the plasminogen system in psoriasis and

BCC have been carried out, and data on plasminogen

system activity have been contradictory. Furthermore, no

studies on uPAR expression either in normal skin or in

psoriasis have been performed so far. Thus, to gain insight

into the role of the plasminogen system in the pathogenesis

of psoriasis and BCCs, we compared the expression pattern

of uPA, uPAR, tPA, and PAI-1 in normal skin, BCC, and

psoriatic skin samples.

Materials and methods

Informed consent was obtained from each patient before

inclusion in the study. Skin biopsies were obtained from

Caucasian patients (ages 40–65). Tissue samples from 8

patients with psoriasis vulgaris, 6 patients with basal cell

carcinomas (BCCs), and 11 healthy adult volunteers were

involved. Patients were required to have psoriasis on the

trunk of body and extremities (progressive stage in three

cases, stationary stage in five cases) with a clinical diag-

nosis of at least 6 month duration. Psoriasis vulgaris was

diagnosed based on clinical criteria and was confirmed

histologically in each case. The samples of psoriatic skin

were collected under local anesthesia. All patients received

standard topical treatments with corticosteroid-containing

creams. Patients were excluded if they had received sys-

temic treatments with possible effects on psoriasis vulgaris

(e.g., corticosteroids, retinoids, and immunosuppressants)

within the last 4 weeks. Patients were excluded in case of a

history of cardiovascular disease, diabetes, renal impair-

ment, liver failure, or inflammatory disease. BCCs and

samples of healthy volunteers’ skin were collected at

surgeries. All BCCs were confirmed histologically. The

study included biopsy specimens from the skin involved

with psoriasis and BCC as well as from normal skin

adjacent the lesion. All tissue samples were embedded in

OCT Tissue Tek, immediately frozen in liquid nitrogen,

and stored at -70 �C. Cryostat sections (6 lm thick) were

mounted on silane-coated glasses, air-dried, and stained.

The following murine monoclonal antibodies were used:

rabbit polyclonal to human uPA (Santa Cruz sc-14019),

mouse monoclonal to uPA receptor (Abcam ab82220),

mouse monoclonal to tPA (Abcam ab82249), and rabbit

polyclonal to PAI-1 (Novus Biologicals NBP1-19773).

Secondary affinity-purified, biotinylated horse anti-mouse

IgG were purchased from Vector Laboratories, Inc., Bur-

lingame, CA. Avidin–biotin blocking kit, normal horse

serum, and biotin avidin-peroxidase staining kit (Vectas-

tain� ABC-Kit) were obtained from Vector Laboratories,

Inc., Burlingame, CA. Mouse and rabbit purified IgG

(Sigma, Inc.) were used for control staining.

Immunohistochemical staining

Sections were first fixed in 4% paraformaldehyde for 2 min

at room temperature, then in 96% ethanol for 30 min at

-20 �C, and rinsed in phosphate-buffered saline (PBS) 3

times. To quench endogenous peroxidase activity, the

slides with sections were incubated in 3% H2O2 in PBS for

30 min at room temperature. The slides were sequentially

incubated in 10% normal horse serum and in 1% bovine

serum albumin (BSA) for 30 min, then in avidin–biotin

blocking kit for 15 min, and finally with primary antibodies

or control IgG (mouse or rabbit) for 1 h. The slides were

washed with PBS, incubated with secondary biotinylated

anti-mouse antibody for 15 min, washed in PBS, and

incubated with Vectastain� ABC-Kit and after—shortly

with 0.1% H2O2 in a standard solution of DAB. The sec-

tions were counterstained with Mayer’s hematoxylin.

Quantification of immune-positive cells was performed on

cryosections using 209 or 409 objectives. At least five

fields of view were used per each section. The images were

obtained using a Leica DMI 6000B microscope equipped

with a DFC 7000T digital camera and the image analysis

program LAS X (Leica Microsystems).

Statistical analysis

The sections were analyzed using MetaMorph 5.0

(Universal Imaging, USA). The percentage of immune-

positive cells in the epidermis and in the derma on sections

was calculated for all skin samples (normal skin, psoriasis,

and BCC). For statistics, five fields of view on five random

sections for each sample were analyzed. All values are
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expressed as mean ? SEM. Statistical analysis was per-

formed by one-way ANOVA followed by Bonferroni/Dunn

post hoc testing. The p value of \0.05 was considered

significant.

Results

In this study, skin biopsies of 8 patients with psoriasis

vulgaris, 11 healthy adults, and samples of BCCs from 6

patients were used for comparative analysis of uPA, uPAR,

tPA, and PAI-1 expression. It is well known that the

staining pattern of samples from different patients can vary

significantly; therefore, we calculated the percentage of

immune-positive cells in the epidermis, tumor masses, in

the derma of normal skin, and in the skin samples from

patients with psoriasis and BCC.

The key histopathological changes in lesional psoriatic

skin were epidermal hyperplasia and expansion of the

superficial dermal microvasculature. In the normal skin, the

microvessels in the superficial, papillary dermis were short.

Dilated and elongated superficial capillaries, passing into

dermal papillae with multiple vascular segments in the

papillary tips, were typical for psoriatic skin.

uPA and uPAR in normal skin, psoriatic skin,

and BCCs

In the normal skin, uPA was detected in the derma of all

samples (Fig. 1a). Staining from faint to moderate was

found in the dermal vessels, and weak staining was

detected in sweat and sebaceous glands. uPAR staining in

normal skin samples was weak (Fig. 2a) and was observed

only in some dermal vessels; in one skin, sample moderate

staining was noted in the basal cell layer and in some

dermal fibroblasts (not shown).

In lesional psoriatic skin, uPA expression was

increased and was detected in all biopsies. uPA positive

immunostaining was observed in the epidermis of psori-

atic skin in suprabasal cell layers (Fig. 1c, d). In the

derma, uPA was found in blood vessels. uPA staining of

non-lesional skin from patients with psoriasis was less

pronounced than in psoriatic skin lesions; the staining was

detected in the dermal vessels and occasionally in the

epidermal suprabasal cell layers (not shown). uPAR was

expressed in all samples from patients with psoriasis

(Fig. 2c). uPAR expression was significantly increased in

the epidermis and particularly in the derma of psoriatic

skin (Fig. 2d). Intensive immunostaining was noted in the

dermal vessels.

In BCCs, uPA elevated expression was detected in five

of the six examined tumors (Fig. 1c, d). Positive staining of

different intensity was found in the tumor cells and in the

surrounding extracellular matrix (Fig. 2b). Faint staining

was detected in the dermal blood vessels adjacent to the

tumor. uPAR was detected in five of the six examined

BCCs. In some samples, no uPAR expression was found in

the tumor cells; however, intensive uPAR staining was

observed in the surrounding stromal cells and in the dermal

vessels (Fig. 2b, d).

As shown in Fig. 1d, uPA expression was increased in

the epidermis of psoriatic lesions and in the tumor cells in

BCC, while in the derma of BCC and psoriatic samples,

uPA expression was decreased. In contrast, uPAR expres-

sion in the derma of psoriatic samples and BCC was up-

regulated (Fig. 2d).

tPA in normal skin, psoriatic skin, and BCCs

In the normal skin, tPA staining was observed only in the

endothelium of the dermal vessels (Fig. 3a), and prominent

staining was observed in large vessels. tPA expression was

also detected in the cells of sweat glands and in hair bulbs.

No staining was found in the epidermis.

Staining for tPA was observed in all biopsies of

lesional (Fig. 3c) and non-lesional (not shown) skin of

patients with psoriasis. In biopsies of lesional skin, the

most prominent staining was detected in the endothelium

of large dermal vessels. In smaller vessels, the staining

was faint or even non-detectable. Faint tPA expression in

the basal and suprabasal epidermal layers as well as in the

sweat glands was detected in half of the psoriatic samples.

In non-lesional skin, tPA was found in endothelial cells of

dermal vessels and occasionally in the epidermal basal

layer.

In BCCs, tPA immunostaining was found in the

endothelium of dermal vessels and in the sweat glands

(Fig. 3b). In the tumor cells, no tPA expression could be

detected.

As shown in Fig. 3d, tPA expression was increased in

the epidermis of psoriatic skin and in the derma around the

tumor cells in BCC.

PAI-1 in normal skin, psoriatic skin, and BCCs

In normal skin, weak PAI-1 staining could be detected in

the epidermis and derma (Fig. 4a).

In psoriatic skin samples, prominent PAI-1 staining was

observed in single cells in the basal and suprabasal epi-

dermal cell layers (Fig. 4c), as well as in dermal blood

vessels. In biopsies of non-lesional skin of patients with

psoriasis, PAI-1 was not found.

In most of the BCC samples, no PAI-1 expression could

be detected in the tumor cells (Fig. 4b). PAI-1 was

expressed in single cells around the tumor, in the derma,

and in endothelial cells of the blood vessels.
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Similarly to tPA, PAI-1 expression was up-regulated in

the epidermis of psoriatic skin and in the derma sur-

rounding the tumor masses in BCC (Fig. 4d).

Discussion

Pathogenesis of psoriasis and BCC is associated with ker-

atinocytes hyperproliferation and their differentiation dis-

orders, activation, adhesion, and migration of keratinocytes

and endothelial cells, chronic inflammation, and angiogen-

esis [23, 26, 43, 55, 58]. The plasminogen system is known to

be involved in all of these processes. uPAR is particularly

significant due to its ability to localize the proteolytic effects

of uPA to the leading edge, which activates latent growth

factors and proteases and mediates angiogenesis, matrix

degradation, activation of intracellular signaling, tumor cell

invasion, and metastasis [2, 7, 53, 54, 67].

In the present study, an immunohistochemical assess-

ment and a quantitative evaluation of uPA, uPAR, tPA, and

PAI-1 expression in the normal skin, psoriasis, and BCC

have been performed. Since the staining pattern varied

according to the patient, the percentage of immune-positive

cells for each type of staining in each sample was

calculated.

The obtained results show that uPA, uPAR, tPA, and

PAI-1 are present in the epidermis of psoriatic skin,

whereas in the normal epidermis, they are undetectable in

most of the cases or are expressed at a low level. These

results correlate with data obtained by other groups

[24, 64]. Using in situ hybridization and immunohisto-

chemical staining, it was shown that uPA and tPA

expression was elevated in psoriatic skin

[9, 25, 28, 34, 35, 42, 57, 66]. mRNA for tPA expression

was detected throughout the epidermis but concentrated in

the superficial stratum spinosum. uPA mRNA was noted

Fig. 1 uPA expression in normal skin (a), psoriatic skin (b), and in

BCC (c). Immunohistochemical staining was performed using avidin–

biotin–peroxidase method (black or dark brown color). Nuclei were

counterstained with hematoxylin. In normal skin, uPA staining was

detected in the dermal vessels (arrow), in sweat and sebaceous glands

(arrowhead). uPA expression in psoriatic samples was prominent in

epidermal suprabasal cell layers, in cells of inflammatory infiltrate,

and in the dermal blood vessels (arrow). Elevated uPA expression

was noted in tumor cells in BCC samples. Scale bar 20 lm.

d Percentage of immune-positive cells in the epidermis and in the

derma of normal skin, psoriatic skin, and BCC. All values are

expressed as means ? SEM. Asterisk significant difference

(p\ 0.001) in the amount of positive cells in normal skin compared

to psoriatic skin or BCC samples
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primarily in the basal layer. Immunohistochemical analysis

showed that the uPA and tPA were expressed in the

cytoplasm of keratinocytes in the psoriatic lesions before

treatment and in the lesions not cleared after treatment,

while it was undetectable in the normal epidermis, in

unaffected psoriatic epidermis, and in the cleared psoriatic

skin [24, 42, 64]. Another study showed that uPA staining

was present in the basal layer of keratinocytes in psoriatic

skin, in the extracellular matrix, and in the suprapapillary

epidermal layers, while tPA was detected in the superficial

keratinizing cells, including both the stratum spinosum and

the parakeratotic layer [29]. However, some previously

published results obtained by Northern blot analysis and

immunohistochemistry revealed uPA expression in the

normal human epidermis as a predominant plasminogen

activator [24].

Our data on elevated PAI-1 expression in psoriatic skin

support previously published ELISA and immunohisto-

chemistry results which demonstrated that the plasma level

of PAI-1 was significantly increased in patients with pso-

riasis compared to healthy donors; initially, elevated level

of PAI-1 decreased after treatment and during recovery

period [25, 52]. In the other study, PAI-2, but not PAI-1,

was detected by mRNA analysis and biochemical assays in

the normal and psoriatic epidermis [44]. Increase in PA

activity especially due to the increase in uPA and tPA

expression levels in psoriatic epidermis may cause non-

localized degradation of extracellular matrix and facilitate

the turnover of keratinocytes [25, 28, 29, 65].

The prominence of dermal microvascular expansion in

psoriasis suggests that it is an angiogenesis-dependent dis-

ease. Our data indicate that tPA, uPAR, and PAI-1 are

coordinately increased in the dermal microvessels of

Fig. 2 uPAR expression in normal skin (a), psoriatic skin (b), and in

BCC (c). Immunohistochemical staining was performed using avidin–

biotin–peroxidase method (black or dark brown color). Nuclei were

counterstained with hematoxylin. Weak uPAR staining was detected

in normal skin. In psoriatic skin, uPAR expression was significantly

increased in the epidermis and especially in the derma: in the vessels

(arrow) and in the cells of inflammatory infiltrate (arrowhead). uPAR

positive staining of different intensity was evident in tumor cells,

surrounding extracellular matrix, in the dermal blood vessels (arrow),

and in the derma bordering the tumor area in BCC samples. Scale bar

20 lm. d Percentage of immune-positive cells in the epidermis and in

the derma of normal skin, psoriatic skin, and BCC. All values are

expressed as means ? SEM. Asterisk significant difference

(p\ 0.001) in the amount of positive cells in normal skin compared

to psoriatic skin or BCC
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psoriatic skin, suggesting that PA system is involved in

psoriatic angiogenesis. Recent studies have shown the

existence of an additional non-proteolytic function of the

uPA system [2, 53]. uPA is known to stimulate vascular cell

proliferation through direct activation of latent growth fac-

tors (HGF, VEGF189) or by releasing growth factors bound

to matrix (VEGF isoforms, TGF-b, bFGF)

[4, 15, 17, 19, 20, 37, 50]. Endothelial cells of blood vessels

in psoriatic skin demonstrate upregulation of both VEGF

receptors [VEGFR-1 (flt-1) and VEGFR-2 (KDR/flk-1)],

angiopoietin receptor Tie2, angiopoietin 2, and altered pat-

tern of integrin expression (upregulation of avb3 and b1
integrins and downregulation of b4 integrin) [14, 51]. Many

growth factors (such as TGF-a and VEGF) can feedback to

plasminogen system increasing the expression of both, uPA

and uPAR. Thus, the uPA system could be implicated in the

activation of endothelial cells, in their increased prolifera-

tion, in new vessel formation, and in tissue remodeling in

psoriatic skin.

The role of the uPA system in cancer has been investi-

gated in different in vitro assays and in tumors. These

studies indicated that uPA binding to uPAR was necessary

for the primary tumor growth, cell invasion, and neo-vas-

cularization [53]. Elevated uPA expression is associated

with poor prognosis and metastasis in many tumors

[30, 39, 59, 63, 71]. It was demonstrated that uPA over-

expression in ovarian cancer SKOV3 cells enhanced

greatly their invasion potential, migration, and adhesion

in vitro. These results correlated with high expression level

of uPA and PAI-1 in the malignant tumor samples and their

serum concentration in patients compared to the benign

tumors and controls [71].

Several retrospective and prospective studies have

demonstrated that the elevated levels of uPA and PAI-1 in

breast tumors are the most reliable prognostic biomarkers

and correlate with poor patient outcome in lymph node-

negative breast cancer [18, 32, 39]. At the concentrations

detected in tumor samples, PAI-1 and uPA promoted

Fig. 3 tPA expression in the normal skin (a), psoriatic skin (b), and
in BCC (c). Immunohistochemical staining was performed using

avidin–biotin–peroxidase method (black or dark brown color). Nuclei

were counterstained with hematoxylin. In the normal skin, tPA

staining was detected in endothelial cells of the dermal vessels

(arrow). In biopsies of psoriatic skin, tPA expression was evident in

the basal and suprabasal epidermal layers (arrowhead). In BCCs, tPA

expression was revealed in the endothelium of the dermal vessels

(arrow). In tumor cells, it was not detected. Scale bar 20 lm.

d Percentage of immune-positive cells in the epidermis and in the

derma of normal skin, psoriatic skin, and BCC. All values are

expressed as means ? SEM. Asterisk significant difference

(p\ 0.001) in the amount of positive cells in normal skin compared

to psoriatic skin or BCC
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cancer progression and metastasis [18]. The testing of uPA

and PAI-1 levels by ELISA has been recommended by the

American Society of Clinical Oncology (ASCO) for eval-

uation of the reoccurrence risk in breast cancer patients

[62].

Quantitative immunohistochemistry analysis of the

expression of PA system proteins was also evaluated in

resected colorectal cancer and correlated with clinico-

pathological parameters and patient outcome. It was shown

that the overexpression of uPA, uPAR, and PAI-1 was

significantly associated with cancer progression and liver

metastasis [63].

In the two-stage model of skin carcinogenesis in mice, it

was found that uPAR deficiency dramatically reduced

susceptibility to tumor formation and increased ker-

atinocyte differentiation. These data were confirmed clin-

ically: it was found that human differentiated

keratoacanthomas expressed low levels of uPAR [47].

The main feature of BCC is the low frequency of

metastasis; however, it may be locally aggressive and, if

untreated, may penetrate into the bones [45]. Like other

carcinomas, BCC is characterized by malignant cell pro-

liferation and enhanced angiogenesis. The data on PA

expression in BCC have been contradictory. In early

studies in fibrin lysis assay, no statistical difference in the

activity of PA from BCC and normal skin samples could be

detected [49]. Moreover, in later studies, no significant

difference in the biochemical activity or expression level of

PA from skin samples of seborrheic keratosis, BCC, and

squamous cell carcinoma was observed [48, 68]. Com-

parative analysis of uPA mRNA content from different

types of BCC revealed its presence only in the nodular

subtype of BCC (in tumor islands, fibroblast-like stromal

cells, and in the basal epidermal cell layer) [64]. It is

notable that tPA mRNA was detected in tumor cells [65].

However, zymography and in situ hybridization

Fig. 4 PAI-1 expression in the normal skin (a), psoriatic skin (b), and
in BCC (c). Immunohistochemical staining was performed using

avidin–biotin–peroxidase method (black or dark brown color). Nuclei

were counterstained with hematoxylin. In the normal skin, weak PAI-

1 staining could be detected in small dermal vessels (arrow) and in

the basal cell layer (arrowhead). In psoriatic skin, PAI-1 staining was

observed in single cells (arrowhead) of the basal and suprabasal

epidermal cell layers (arrow). In BCC samples, PAI-1 was expressed

in tumor cells and in the surrounding extracellular matrix (arrow-

head). Scale bar 20 lm. d Percentage of immune-positive cells in the

epidermis and in the derma of normal skin, psoriatic skin, and BCC.

All values are expressed as means ? SEM. Asterisk significant

difference (p\ 0.001) in the amount of positive cells in normal skin

compared to psoriatic skin or BCC
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demonstrated expression and activity of uPA and PAI-1 in

malignant cells from squamous cell carcinomas, but not in

BCCs. tPA expression was detected only in the derma of

non-malignant tissue samples [60].

In tumors, the urokinase system can be assembled by

cooperation between different cell types, each producing a

different component of the uPA system. This study

demonstrates that the level of uPA expression is increased

in tumor cells and in the surrounding extracellular matrix in

BCCs samples, thus suggesting the role of uPA in facili-

tating tumor cell migration and invasion into the underly-

ing derma. The intense uPAR staining in the derma

bordering the tumor can be attributed to uPA–uPAR

interaction that mediated tumor growth and invasion,

uPAR-mediated desmoplasia, and stromal remodeling. The

presence of uPAR on the endothelial cells in BCC samples

suggests that it also plays a role in tumor angiogenesis. It

was hypothesized that PAI-1 may contribute to the defense

mechanisms of normal tissue against invading tumor cells

[2]. Therefore, it is tempting to speculate that the up-reg-

ulated PAI-1 expression in some samples correlates with

the slow growth pattern and low frequency of metastasis in

BCC.

High levels of uPA and uPAR expression in tumors are

commonly associated with cancer progression [8, 61]. The

most interesting fact of the present study was that uPA,

especially uPAR staining in tumor cells in BCCs, was

visually lower than in psoriasis, a benign hyperproliferative

skin disease. This finding suggests that uPAR may repre-

sent a new therapeutic target for the development of anti-

psoriatic therapeutic agents.

In conclusion, psoriasis and BCC are complicated

biological processes that are regulated by many different

factors. The PA system can be one of these important

factors that are involved in regulation of cell growth and

invasion. In the present study, we addressed the PA

system function using immunohistochemical staining and

calculated the percentage of positive cells in the derma

and epidermis in human skin samples. uPA, uPAR, and

PAI-1 were up-regulated in the epidermis of psoriatic

skin and in the tumor cells in BCC; high levels of uPAR

expression were detected in the derma of psoriatic

lesions and in the stroma surrounding tumor cells in

BCC samples. These data suggest a possible activation

of the stroma, uPA–uPAR interaction between tumor

cells, and the surrounding stroma and its involvement in

tumor growth. Increased expression of uPA in the epi-

dermal cells in psoriasis and that in the tumor cells in

BCC suggest the important role of uPA system for

aggressively proliferating and invading cells of epider-

mal origin. These assumptions need further investiga-

tion. Gene expression and proteome analysis as well as

in vitro cell culture experiments are necessary to confirm

the involvement of uPA system in pathogenesis of pso-

riasis and BCC.
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58. Ruano J, Suárez-Fariñas M, Shemer A, Oliva M, Guttman-

Yassky E, Krueger JG (2016) Molecular and cellular profiling of

scalp psoriasis reveals differences and similarities compared to

skin psoriasis. PloS One 11(2):1–18

59. Santibanez JF (2013) Transforming growth factor-beta and

urokinase-type plasminogen activator; dangerous partners in

tumorigenesis. implications in skin cancer volume. Hindawi

Publishing Corporation, UK, ISRN Dermatology. Article ID

597927

60. Sappino AP, Belin D, Huarte J, Hirschel-Scholz S, Saurat JH,

Vassalli JD (1991) Differential protease expression by cutaneous

squamous and basal cell carcinomas. J Clin Investig

88(4):1073–1079

61. Schmitt M, Harbeck N, Thompson C (1997) Clinical impact of

the plasminogen activation system in tumor invasion and

metastasis; prognostic relevance and target for therapy. Thromb

Hemost 78(1):285–296

62. Schmitt M, Mengele K, Napieralski R, Magdolen V, Reuning U,

Gkazepis A (2010) Clinical utility of level-of-evidence-1 disease

forecast cancer biomarkers uPA and its inhibitor PAI-1. Expert

Rev Mol Diagn 10(8):1051–1067

63. Seetoo DQ, Crowe PJ, Russell PJ, Yang JL (2003) Quantitative

expression of protein markers of plasminogen activation system

in prognosis of colorectal cancer. J Surg Oncol 82(3):184–193

64. Spiers EM, Lazarus GS, Lyons-Giordano B (1994) Expression of

plasminogen activator enzymes in psoriatic epidermis. J Investig

Dermatol 102(3):333–338

65. Spiers EM, Lazarus GS, Lyons-Giordano B (1996) Expression of

plasminogen activators in basal cell carcinoma. J Pathol

178:290–296

66. Teofoli P, Mancini A, Lotti T (1996) Cyclosporine A inhibits tPA

mRNA transcription in A431 cell line. Skin Pharmacol

9(2):137–140

67. Tkachuk VA, Plekhanova OS, Beloglazova IB, Parfenova EV

(2013) A role of multi-domain structure of urokinase in regu-

lating vascular growth and remodeling. Ukr Biokhim Zh

85:18–45

68. Tsuboi R, Yamaguchi T, Kurita Y, Nakao H, Ishihara K (1988)

Comparison of proteinase activities in squamous cell carcinoma,

basal cell epithelioma, and seborrheic keratosis. J Investig Der-

matol 90:869–872

69. Tutrone WD, Saini R, Weinberg JM (2004) Biological therapy

for psoriasis; an overview of infliximab, etanercept, efalizumab

and alefacept. I Drugs 7(1):45–49

70. Vassalli J-D (1994) The urokinase receptor. Fibrinolysis

8(1):172–181

71. Zhang Y, Kenny HA, Swindell EP, Mitra AK, Hankins PL, Ahn

RW, Gwin K, Mazar AP, O’Halloran TV, Lengyel E (2013)

Urokinase plasminogen activator system-targeted delivery of

nanobins as a novel ovarian cancer therapy. Mol Cancer Ther

12(12):2628–2639

Arch Dermatol Res

123

Author's personal copy


	Increased expression of uPA, uPAR, and PAI-1 in psoriatic skin and in basal cell carcinomas
	Abstract
	Introduction
	Materials and methods
	Immunohistochemical staining
	Statistical analysis

	Results
	uPA and uPAR in normal skin, psoriatic skin, and BCCs
	tPA in normal skin, psoriatic skin, and BCCs
	PAI-1 in normal skin, psoriatic skin, and BCCs

	Discussion
	Acknowledgements
	References




