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The urokinase system in patients with intermittent and

persistent allergic rhinitis

Alicja Kasperska-Zajac, Zenon Brzoza and Barbara Rogala

Local and systemic changes in hemostasis are associated
with allergic diseases. Apart from their well documented
role in regulation of plasminogen activation, components of
the urokinase system may be involved in modulation of
cellular activities during immune inflammatory responses.
So far, little has been known about the function of the
system in allergic inflammation. In the present study, we
assessed circulating levels of the urokinase system
components such as urokinase-type plasminogen
activator (uPA), soluble form of uPA receptor (CD87),

and the inhibitor - plasminogen activator inhibitor type 1.
The study comprised of patients suffering from allergic
rhinitis, however, without any asthmatic symptoms. Plasma
levels of uPA and soluble form of uPA receptor antigens,
and plasminogen activator inhibitor type 1 activity were
measured in 17 patients with grass pollens-induced
intermittent allergic rhinitis and 15 patients with
persistent allergic rhinitis due to house dust mite

allergy, as well as in 20 sex-matched and age-matched
healthy nonatopic participants. We did not observe any
statistically significant differences in the levels of the
urokinase system components between patients with
intermittent allergic rhinitis and persistent allergic rhinitis,

Introduction

Urokinase-type plasminogen activator (uPA), its cell sur-
face receptor (uUPAR, CD87), and its inhibitor, plasmino-
gen activator inhibitor type 1 (PAI-1) form a system,
named the urokinase or the uPA/uPAR/PAI-1 system.
Apart from its well recognized role in fibrinolysis, the
system is involved in many other biological processes.
Components of the system are expressed by numerous
different cell types, and they are important regulators and
mediators of immune inflammatory processes, partly
because of their participation in mechanisms mediating
recruitment and migration of cells as well as inflammatory
mediators and immune stimuli affecting their synthesis
[1,2]. The cells playing the key role in allergic inflam-
mation are also capable of expressing functionally either
active uPA or its receptor or both, including dendritic
cells [3], eosinophils [4,5], and mast cells [6]. In addition,
uPAR expression on eosinophils from normal and asth-
matic patients was increased by IL-5 [5]. Interestingly,
experimental studies demonstrated that the urokinase
system might modulate Th1l and Th2 cell response,
suggesting significance of the system in diseases in which
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and the controls. The circulating levels of uPA, its soluble
receptor, and its inhibitor did not differ between allergic
rhinitis patients and healthy participants, therefore it seems
that the systemic release and activity of the urokinase
system molecules may be not significantly changed in the
course of nasal allergic inflammation induced by periodic or
continuous exposure to a natural allergen. Blood Coagul
Fibrinolysis 19:685-688 © 2008 Wolters Kluwer Health |
Lippincott Williams & Wilkins.
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such imbalanced activity of the lymphocytes may play an
essential role [7,8]. It is well known that local and
systemic changes in hemostasis are associated with
inflammatory processes. However, a few published data
illustrate the circulating levels of the fibrinolytic system
components in patients with allergic disease. So far, some
changes in the systemic activity of fibrinolytic system
have been documented in allergic diseases such as bron-
chial asthma [9], atopic eczema/dermatitis syndrome
(AEDS) [10], and keratoconjunctivitis [11]. However,
to our knowledge there are no available data on the
behavior of the fibrinolytic system in the systemic circu-
lation of patients with nasal allergic inflammation symp-
toms. Sejima er al. [12] suggested interestingly enough
that metabolism and expression of fibrinolytic com-
ponents at the site of allergic inflammation, such as nasal
mucosa, are altered under the influence of cytokines
released from inflammatory and immune cells. In the
present study we assessed plasma levels of uPA, soluble
uPAR, and PAI-1 activity in patients with intermittent
and persistent allergic rhinitis. The objective was to
determine more precisely the fibrinolytic profile of
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patients suffering from allergic diseases. A secondary aim
was an attempt at defining whether various clinical forms
of allergy might affect the function of the systemic
fibrinolytic system in a different manner.

Material and methods

Thirty-two nonsmoking patients with moderate-to-
severe symptoms of allergic rhinitis and without conco-
mitant allergy were enrolled in the study. They were
divided into two groups: 17 patients with grass pollens-
induced intermittent allergic rhinitis (IAR group) and
15 patients with persistent allergic rhinitis due to house
dust mite (HDM) allergy (PAR group). Of the 17 symp-
tomatic patients suffering from IAR, seven were women
and 10 men; the median age was 24 years (range: 18-29
years). They showed positive skin prick test to grass
pollen allergens and no sensitization to other allergens
tested, and were examined during natural allergen
exposure at the peak of the allergy season. The median
value of total immunoglobulin E (IgE) was 278 kU/ml
(range: 164-480).

Of the 15 symptomatic patients suffering from PAR, five
were women and 10 men; the median age was 25 years
(range: 19-35 years). They showed positive skin tests to
HDM (either Dermatophagoides pteronyssinus or Dermato-
phagoides farinae or both) extract and negative response to
all other common acroallergens or sensitization to other
aeroallergens was clinically insignificant. The median

value of IgE total was 220 kU/ml (range: 177-432).

Topical nasal medication was withdrawn at least 2 weeks
prior to the study. Moreover, none of the examined
patients had taken oral antihistamines or leukotriene
antagonists within 2 weeks and oral corticosteroides
within 8 weeks before the study. None of the patients
had received immunotherapy, suffered from diseases,
which would affect fibrinolytic activity, or were receiving
drugs, which could have affected the function of the
fibrinolytic system.

The control group consisted of 20 healthy volunteers,
showing no signs of atopy, seven women and 13 men, the
median age was 25.5 years (range: 20-32 years). All the
participants were nonsmokers and proved normal in
physical examination.

The Ethics Committee of the Medical University of
Silesia approved this study and written, informed consent
was obtained from all the participating subjects.

Blood collection and plasma preparation

The blood was obtained in the morning (0700-0800 h;
in the fasting state at least 12 h) after 60-min rest with
slight or no stasis from the antecubital vein directly into
plastic tubes with anticoagulants (C'TAD), and then
placed in ice water. The first 2-=3ml of blood were

discarded. The plasma for analyses was separated by
centrifugation during 20 min at 2000 gand 4°C. All plasma
samples were immediately frozen and stored at —30°C
until analysis.

Assay of urokinase-type plasminogen activator antigen
Measurement of u-PA antigen in plasma was carried out
using enzyme-linked immunosorbent assay (ELISA) kit
following the manufacturers’ recommendations (Imu-
bind ELISA kits; American Diagnostica Inc., Greenwich,
Connecticut, USA).

Soluble urokinase-type plasminogen receptor assay
Soluble uPAR in plasma was measured by a quantitative
ELISA kit (R&D, Minneapolis, USA) according to the

manufacturers’ instructions.

Analysis of plasminogen activator inhibitor type-1
activity

PAI-1 activity in plasma was determined using commer-
cial reagents according to the manufacturers’ protocol
(Chromolize; Biopool, Umed, Sweden).

In-vitro immunoglobulinE tests

Serum total IgE was determined using ELISA kit (Aller-
gopharma, Reinbek, Germany), as per the manufacturers’
instructions.

Skin prick tests

Allergic status was evaluated by skin prick testing with a
panel of common inhalant allergens (Allergopharma).
Saline and histamine solutions were used as negative
and positive controls, respectively. A wheal of diameter
greater by at least 3mm than the negative control was
accepted as a positive response.

Statistical analysis

Data are presented as median with quartiles. Kruskal—
Wallis variance analysis was used for screening differ-
ences between the groups. Correlation coefficient was
obtained by Spearman test. P-values below 0.05 were
considered significant.

Results

The median and range values of u-PA antigen, suPAR
antigen, and PAI-1 activity in plasma from IAR and PAR
patients, as well as healthy participants are shown in
Table 1. For the entire parameters analyzed no significant
differences were observed among the three groups. No
significant correlation occurred between serum total IgE
values and plasma levels of u-PA, suPAR, and PAI-1 in
the patient groups.

Discussion

Allergic diseases such as asthma, rhinitis, and AEDS are
inflammatory disorders characterized by local changes at
the site of allergic processes. Moreover, the local reactions
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Table 1
participants

Plasma levels of components of the urokinase system in patients with intermittent and persistent allergic rhinitis and healthy

Analysed parameters (unit) Control group (n=20)

IAR group (n=17) PAR group (n=15)

u-PA antigen 0.38
(ng/ml) 0.2-0.62
suPAR antigen 1.47
(ng/ml) 1.32-1.71
PAI-1 activity 6.25
(IU/ml) 4.85-8.8

0.44 0.5
0.11-0.66 0.11-0.93
1.65 1.52
1.39-2.27 1.31-1.94
6.4 5.1
5.1-9.1 4.4-6.0

Values are expressed as median with quartiles. IAR, intermittent allergic rhinitis; PAR, persistent allergic rhinitis; u-PA, urokinase-type plasminogen activator.

are capable of inducing systemic inflammatory and
immune response [13-15]. It has been well known that
the inflammatory state may alter the performance of the
hemostatic system remembering that both local and
systemic activation of the coagulation and fibrinolysis
system are integral parts of different inflammatory pro-
cesses. On the one hand, the inflammatory mediators may
modulate the balance between procoagulant and anti-
coagulantactivities. Ontheotherhand,however,manycom-
ponents of the hemostatic system have pro-inflammatory
or anti-inflammatory properties and may affect inflam-
matory activity [2,16,17]. In this context, it seems inter-
esting to investigate the behavior and significance of the
mediators of the hemostatic system upon various inflam-
matory processes. Some changes in the blood coagulation
parameters, bleeding time or platelet activity have been
documented in patients suffering from atopic diseases (for
review [18]). Yet only a few studies raised the question
whether inflammatory processes due to allergic reactions
may alter the functional status of the fibrinolytic system in
the peripheral blood and whether the system plays any role
in allergic processes. Increased cutaneous and plasma
activity of the fibrinolytic system was observed in the acute
phase of AEDS, suggesting a role for the system in ampli-
fication of the inflammatory phenomenon in the disease
[10]. The evidence obtained from the animal model of
allergic airway hyperactivity suggests that disordered
coagulation and fibrinolysis may contribute to the patho-
genesis of asthma [19]. Moreover, Banach-Wawrzenczyk
et al. [9] observed increased levels of fibrinolytic markers
in the systemic circulation of symptomatic patients with
newly recognized asthma, suggesting increased activity
of the fibrinolysis system in asthmatic patients. We
observed earlier that plasma levels of uPA and suPAR
did not differ significantly in patients with AEDS, as
compared with healthy participants [20]. In the present
study, we have compared the fibrinolytic profile of the
patients with allergic rhinitis sensitized to HDM, thus
undergoing continuous natural exposure to these aeroal-
lergens, with the patients suffering from intermittent
allergic rhinitis, sensitized to grass pollen allergens, who,
in our region, are exposed to such pollens during few
months of the year. We did not show any significant
difference in plasma levels of uPA and suPAR antigens,
and PAI-1 activity between patients with intermittent
allergic rhinitis, persistent allergic rhinitis, and healthy

nonatopic participants. It seems, therefore, that in the
course of nasal allergic inflammation, any significant altera-
tions in the activity of the urokinase system, as measured
by the circulated components of the system, are not
induced in the systemic circulation of allergic rhinitis
patients. Some changes may, however, occur locally at
the site of allergic inflammation in the nasal mucosa and
discharge. For example, it has been demonstrated that
u-PA was activated significantly in allergic rhinitis,
suggesting that such activity may help the passage of large
amounts of rhinorrhea by reducing its viscosity [12]. In
addition, it seems that local imbalance of the urokinase
system may be involved in the pathogenesis of severe form
of allergic conjunctivitis such as vernal keratoconjunctivi-
tis [11]. On the contrary, the lack of changes in plasma
levels of uPA and PAI-1 were reported in patients when
compared with healthy participants; in such patients only
plasma levels of tissue-type plasminogen activator and
plasminogen activity were significantly lower than in the
controls. Yet, all the values remained within the normal
range [11]. Also, no statistical differences in PAI-1 activity
in the blood were observed between patients with newly
diagnosed asthma and the healthy participants [9]. How-
ever, during an asthma attack, PAI-1 plasma level was
significantly higher as compared with the controls [21].
Plasma level of uPA in patients with asthma was signifi-
cantly lower when compared with healthy participants [9].
Taken together, it seems that some alterations in the
function of the fibrinolytic system observed in patients
with allergic inflammation are not a general feature of
allergic diseases and are not similar throughout different
clinical manifestation of allergy.

Conclusion

The present study provided the first report on behavior of
components of the urokinase system in the systemic
circulation of patients with allergic rhinitis induced by
seasonal and continuous natural allergen exposure. As the
circulating levels of uPA, its soluble receptor, and its
inhibitor did not differ significantly between patients with
intermittent and persistent allergic rhinitis and healthy
participants, it seems that the systemic release or activity of
such molecules incorporated in the urokinase system may
not change significantly during immune inflammatory
processes associated with allergic rhinitis. Moreover, the
present study along with the earlier contributions indicates
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that the distinct clinical forms of allergic inflammatory
processes may affect systemic fibrinolysis in a different
manner.
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