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Purpose: Chronic spontaneous urticaria (CSU) is a disease that is primarily seen in adults and is comparatively rare in children. Consequently, only a
few studies have focused on the pathogenesis of the disease in children. This study investigated the possible role of metalloproteinase-9 (MIMP-9)
in the pathogenesis of CSU in children. Methods: The study group was composed of 54 children with CSU; 34 healthy children comprised the con-
trol group. The demographic and clinical features of the study group were extensively evaluated, and laboratory assessments were also performed.
An enzyme-linked immunosorbent assay was used to evaluate levels of plasma MIMP-9. Disease activity was quantified using the urticaria activity
score (UAS). Results: The median value of plasma MMP-9 was 108.9 ng/mL (interquartile range, 93.3-124.1) in the CSU group and 87.8 ng/mL
(69.4-103.0) in the control group. The difference between the 2 groups was statistically significant (P<0.001). Also, MIMP-9 levels showed a signifi-
cant positive correlation with UAS (rho=0.57, P<0.001). Twenty-six percent of patients had positive autologous serum skin test (ASST) results. Nei-
ther UAS nor plasma MMP-9 levels were significantly different between ASST-positive and -negative patients (P>0.05). Conclusions: Plasma
MMP-9 levels were elevated in children with CSU and were positively correlated with disease activity. MMP-9 may be both a good biomarker of
disease activity and a potential therapeutic target in CSU.
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INTRODUCTION

Chronic urticaria (CU) is defined as the persistence of an urti-
carial episode for at least 6 weeks.' The prevalence of CU in
children is one-tenth of that in adults (0.1% vs 1%).>® Autoim-
mune disorders, physical stimuli, infections, vasculitis, and al-
lergies are the primary causes of CU. However, an underlying
cause can only be identified in 20% to 55% of pediatric cases in
spite of thorough clinical and laboratory investigations.*® CU is
classified according to whether it is inducible or not into chron-
ic spontaneous urticaria (CSU) or chronic inducible urticaria
(CIU). CSU may be attributed to known or unknown causes.®”

Matrix-metalloproteinases (MMPs) are a large family of zinc-
dependent endopeptidases that can degrade many compo-
nents of the extracellular matrix and other extracellular pro-
teins.! MMP-9 belongs to the gelatinase subfamily of MMPs
and cleaves gelatin and type 4 collagen, which is the main com-
ponent of the basement membrane. This cleavage helps in-
flammatory cells reach the site of inflammation.” Additionally,
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MMPs can cleave proinflammatory chemokines, thereby regu-
lating their functions and modulating inflammatory process-
es.”® MMP-9 can be synthesized by many types of cells, in-
cluding macrophages, neutrophils, T cells, and mast cells, and
play a substantial role in autoimmune diseases, cancer, cardio-
vascular diseases, and allergic diseases.”'>"

A few studies (with conflicting results) exist on the role of
MMP-9 in the pathogenesis of CSU in adults; however, to our
knowledge no studies have been performed in children. This
study aims to clarify this topic.
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MATERIALS AND METHODS

Study population

Seventy-two consecutive patients who were referred between
January and June of 2015 to the pediatric allergy outpatient
clinics of 2 university hospitals (Istanbul University/Istanbul
Medical Faculty and Bezmialem Vakif University) with the di-
agnosis of CSU were assessed for study eligibility. Patients who
were diagnosed with CIU and whose potential causes of CU
had been defined (except autoimmunity) were excluded. Diag-
nosis was based on the European Academy of Allergy and Clin-
ical Immunology guidelines.® None of the patients were taking
corticosteroids, omalizumab, or immunosuppressive drugs.
Detailed medical histories were obtained, and physical exami-
nations were performed. Children with diseases that influence
plasma MMP-9 levels, including concomitantly diagnosed
asthma, allergic rhinitis, atopic dermatitis, or other identified
autoimmune disorders, were excluded from the study.”**** Af-
ter exclusion, 54 patients with CSU were finally enrolled.

The control group included 34 healthy children who were pe-
riodically attending pediatric welfare clinics in the same hospi-
tals for regular checkups. Children in the control group did not
have a history of either acute or chronic urticaria, had never
been diagnosed with any allergic disease, and were not taking
any medications. Additionally, no signs of infectious disease
were present in any of the subjects in the control group. The
study was performed in accordance with the tenets of the Dec-
laration of Helsinki and good clinical practice, and was ap-
proved by the Bezmialem Vakif University Ethical Committee.
All study patients and their parents were given information
about the study, and signed consent was obtained from the
parents.

Assessment of disease activity

Disease activity was evaluated by the same pediatric allergist
using the urticaria activity score (UAS) according to the EAACI/
GA’LEN/EDF/WAO Guidelines."”” UASs were calculated in in-
terviews with patients and families as well as during physical
examination. UAS consisted of the sum of the wheal number
score and the pruritus score, which ranged from 0 to 6. The
wheal numbers are graded as follows: 0, none; 1, Mild (<20
wheals/24 hours); 2, Moderate (20-50 wheals/24 hours); 3, In-
tense (>50 wheals/24 hours or large confluent areas of wheals).
Moreover, the severity of itching is graded as follows: 0, none; 1,
Mild (present but not annoying or troublesome); 2, Moderate
(troublesome but does not interfere with normal daily activity
or sleep); 3, Intense (severe pruritus, which is sufficiently trou-
blesome to interfere with normal daily activity or sleep).”®

Blood sample collection
Antihistamines and montelukast were discontinued at least
24 hours before blood sampling. After overnight fasting, pe-
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ripheral blood samples (total, 4 mL) were collected from an an-
tecubital vein into heparinized tubes; thereafter, blood was cen-
trifuged at 1,500 X g for 10 minutes to obtain the plasma. The
separated plasma was stored at -80°C until further analysis of
MMP-9 levels.

Laboratory investigation

For standard laboratory procedures, the following tests were
obtained: thyroid-stimulating hormone, free thyroxin, anti-thy-
roid peroxidase and anti-thyroglobulin antibodies, liver func-
tion tests, complete blood count, erythrocyte sedimentation
rate, serum total immunoglobulin E (IgE), urinalysis with test
strips and urine cultures, microscopic investigation of stool for
parasites, and stool enzyme immunoassay for Helicobacter py-
lori antigen.

Skin prick tests and autologous serum skin tests (ASSTs) were
also performed in the CSU group, but not for the control group.
Commercial allergen solutions manufactured by Stallergenes
(Paris, France) were used for skin prick tests. Among the test al-
lergens were 10 different aeroallergens consisting of grass pol-
len mixture, Dermatophagoides pteronyssinus, Dermatophagoi-
des farinae, Alternaria, Aspergillus mixture, weed pollen mix-
ture, birch, cypress, cat epithelia, dog epithelia, and 6 food aller-
gens consisting of milk, egg white, egg yolk, peanut, wheat, and
cocoa. Skin prick tests were considered positive with the pres-
ence of a wheal with at least 3-mm maximum diameter after
subtraction of the negative value. ASST was performed using
the method described by Sabroe et al.'® We were not able to
perform skin prick tests and ASST on 8 patients because their
antihistamine-containing medications could not be discontin-
ued due to the intensity and severity of their symptoms.

Measurement of plasma MMP-9 levels

Plasma levels of MMP-9 were assessed using a human MMP-
9 enzyme linked immunosorbent assay (ELISA) kit (Bender
Med Systems, Vienna, Austria). Samples were thawed at room
temperature and were then centrifuged at 3,000 rpm for 10
minutes. Samples were diluted to obtain the appropriate con-
centrations, and an ELISA was performed according to the
manufacturer’s instructions. Supplied standards were used to
generate standard curves. The samples and standards were
added to the wells. Unbound protein was removed by washing,
and conjugate was added. After a color reaction with a sub-
strate, the optical density was recorded using an automated
ELISA reader at a wavelength of 450 nm. The absorbance at 450
nm was converted to ng/mL for MMP-9. The minimal detec-
tion limit was 0.05 ng/mL for MMP-9.

Statistical analysis

Statistical analyses were performed using IBM SPSS 19 (IBM,
Armonk, NY, USA). The Shapiro-Wilk test was used to test dis-
tributions for normality. Parametric data are expressed as the
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mean * standard deviation (SD), and non-parametric data are
expressed as the median, interquartile range (IQR). The Mann-
Whitney U test was used to calculate the differences in vari-
ables between groups. The correlation between 2 variables was
assessed using the Spearman rank correlation coefficient. Cate-
gorical data were evaluated using the chi square test; P<0.05
was accepted as statistically significant.

RESULTS

General characteristics

The CSU group consisted of 33 boys and 21 gitls, and the con-
trol group consisted of 18 boys and 16 girls. The mean ages of
the CSU and control group participants were 10.8+4.2 and
10.3 3.9 years, respectively. No significant differences in age or
gender were present between the 2 groups (P>0.05). The me-
dian duration of disease was 13 months (7-23.3 months), and
the median value of UAS was 4 (2-5). Some demographic and
clinical features of the patients and the control subjects are
shown in Table.

Plasma MMP-9 levels

The median values of plasma MMP-9 were 108.9 ng/mL
(93.3-124.1) in the CSU group and 87.8 ng/mL (69.4-103.0) in
the control group. The difference between the 2 groups was sta-
tistically significant (P<0.001; Fig. 1). Additionally, plasma
MMP-9 levels showed a significant positive correlation with
UAS (rho=0.57, P<0.001; Fig. 2). We detected ASST positivity in

Tahle. Some demographic and clinical features of the study and control groups

CSU patients Control group 5,

(n=54) (n=34)

Age, year (mean £ SD) 108+42 10.3+39 >0.05
Gender (male/female) 33/21 18/16 >0.05
Disease duration mon 13(7-233) -

(median, [IQR])
Aeroallergen sensitization (n [%]) 8/46 (17%) ND
ASST positivity (n [%]) ND
ASST-positive 12/46 (26%)
ASST-negative 32/46 (74%)
UAS (median, [IQR]) 4(2-5) -
Treatment (n [%]) -
Second-generation antihistamines 29(54%)

at licensed doses
Second-generation antihistamines 9(17%)

at high doses
Combination of second-generation 16 (29%)

antihistamines+montelukast

CSU, chronic spontaneous urticaria; SD, standard deviation; IQR, interquartile
range; ASST, autologus serum skin test; UAS, urticaria activity score; ND, not
done.
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26% of CSU group patients; plasma MMP-9 levels were not dif-
ferent between patients with ASSTs positivity and those without
(P>0.05).

DISCUSSION

Our results clearly showed that children with CSU had elevat-
ed MMP-9 levels compared to healthy control subjects and that
plasma MMP-9 levels were positively correlated with disease
activity. Although some studies exist that evaluate the plasma
MMP-9 levels in adult patients with CSU, this is the first study
that focuses on the pediatric age group. This focus is especially
important because CSU is rare in children, and recommenda-
tions for its management and also because treatment in chil-
dren are based on data obtained from studies conducted on
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Fig. 1. Plasma matrix metalloprotease-9 (MMP-9) levels in the study and con-
trol groups.
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Fig. 2. Correlation graphs between plasma matrix metalloprotease-9 (MMP-9)
levels and urticaria activity scores (UASs) in patients with CSU.
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adults.'” Even comprehensive guidelines written on this topic
include little information about children."*"* Undoubtedly, it is
not the proper approach to interpret children as “small adults.”"”
Therefore, further studies are needed that focus on children, so
the necessity of adapting the experiences of adults with the dis-
ease (and with treatment) is lessened or eliminated.

The activity of CSU can be assessed both by the physician
during the examination (UAS) or by patients measuring and
documenting urticaria through 24-hour self-evaluation scores
once daily for 7 days (UAS7).° UAS7 includes full family-derived
information and scores, and provides an overview of the overall
activity of the disease. We preferred to use UAS in this study be-
cause we attempted to compare momentary activity scores and
cytokine levels. In addition, we aimed to reduce the influence
on scoring of subjective assessments provided by families as
much as possible. Although UAS has some limitations, it is sim-
ple, widely accepted, and only validated for assessing the sever-
ity of CU.%™

The exact pathogenesis of CSU is not well delineated. The
presence of persistent activation of dermal mast cells is a hall-
mark of CSU pathogenesis, but the underlying mechanisms of
mast cell activation are an enigma."'® Urticarial wheals are
characterized by dermal edema, vasodilatation, and perivascu-
lar infiltrates comprising lymphocytes, monocytes, neutrophils,
eosinophils, and basophils.'*'* Altered numbers and imbal-
anced cytokine production of T cells have also been reported in
patients with CSU.***!

Kessel et al.” first reported that adult patients with CU have el-
evated plasma MMP-9 levels compared to healthy subjects, be-
sides the presence of a positive correlation between MMP-9
levels and UAS. They also demonstrated that the CD4+ T cells
of these patients were highly activated, concluding that activat-
ed CD4+ T cells residing in urticarial lesions may cause dermal
mast cell activation and MMP-9 secretion.”” Tedeschi et al.”
and Altricher ef al.** also reported elevated plasma MMP-9 lev-
els in patients with CU compared to healthy subjects in their
studies conducted in adults. Conversely, in study by Altricher et
al. the authors stated that disease activity is not correlated with
MMP-9 levels, and that MMP-9 should not to be used to moni-
tor disease activity or the efficacy of treatment.*

Wheals, flares, and angioedema, which are characteristics of
CSU, develop as a result of increased vascular permeability.”
The literature provides some evidence that the presence of
MMPs leads to increased vascular permeability, primarily
through the disruption of tight junction proteins.*® Further-
more, MMPs strongly induce leukocyte migration.”” These fea-
tures of MMP-9 could explain some of the key points behind
the pathogenesis of CSU. The therapeutic efficacy of MMP-9
activity inhibition is a highly active area of research in the treat-
ment of cancer and ischemic strokes.”** Several methods and
drugs have been proposed for this purpose in the literature, in-
cluding lentiviral-mediated MMP-9 gene silencing, MMP-9
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neutralizing antibodies, recombinant tissue inhibitor of matrix
metalloproteinases-1, gold nanoparticles, minocycline, and
synthetic MMP inhibitors.”** Therefore, MMP-9 seems not
only to be a good biomarker of disease activity, but also to be a
promising therapeutic target.

CONCLUSIONS

Plasma MMP-9 levels were elevated in pediatric patients with
CSU and were positively correlated with the UAS. Therefore,
MMP-9 seems to be both a good biomarker for disease activity
and a promising therapeutic target. Several drugs and methods
that can inhibit MMP-9 activity are described in the literature.
Additionally, we emphasize that this is the first and only study
conducted on children. We need further studies to say the last
word on this subject.
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