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ABSTRACT

Background: Plasminogen activator inhibitor (PAl)-1 isthe main inhibitor of the fibrinolytic system and is known to
play an essential role in tissue remodeling. Chronic asthma may lead to tissue remodeling such as subepithelial
fibrosis and extracellular matrix deposition in the airways. However, the role of PAI-1 in bronchial asthma is
unknown. Our objective is to investigate the correlation between plasma activator inhibitor-1 and childhood
bronchial asthma severity, and whether steroid medications could affect its level. The present study included 40
asthmatic children divided into 2 groups (20 patients in each); the asymptomatic group (controlled asthma) where
patients were free of symptoms and the symptomatic group, where patients were suffering from acute exacerbation
of their asthma and sub-classified into mild and moderate subgroups, each of 10 patients according to severity of
acute exacerbation compared to 20 healthy non-asthmatic, age and sex matched. All patients were subjected to full
history taking, thorough clinical examinations, peak expiratory flow rate estimation, laboratory investigating: CBC,
total serum Ig E, stool analysis and estimation of plasma PAI-1. There was a significant increase of PAI-1 in all
asthmatic groups in comparison to control group. The moderate subgroups (A symptomatic and symptomatic)
showed highly significant increase in comparison to mild subgroups. On the other hand, there was no significant
difference between mild asymptomatic and symptomatic or moderate subgroups to each other. Also there was a
significant decrease in PAI-1 levels in patients receiving inhaled corticosteroids than those not receiving inhaled
corticosteroids. We conclude that PAI-1 may play an important role in the pathogenesis of asthma and further
studies may lead to the development of a novel therapeutic target for the treatment and prevention of asthma.
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INTRODUCTION

Asthma represents a chronic inflammatory processrefays. Irreversible air way structural changearacterized
by extracellular matrix deposition, subepitheliirésis, smooth muscle hypertrophy, and hyperplatigoblet cell
in the airways, known as airway remodeling [1].

Tissue remodeling involves two distinct procesgdgisiologic or regeneration, which is the replacened injured
tissue by same type of parenchymal cells, and pEglwowhich leads to altered restitution of air wstyucture as
increase in smooth muscle and mucous gland masssulbepithelial fibrosis[2].

Some patients with asthma showed an inefficacy ntifiaflammatory therapy, suggesting that the unfetpd
pathologic tissue remodeling occurs in spite ofqadde anti-inflammatory treatment[3,4]. In recepass, there
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have been major advances in asthma understandihgreatment. A more understanding of disease mésinan
through basic science research has resulted inagawent of highly specific treatments. These treatta target the
dysregulated immune processes of asthma [5].

Plasminogen activator inhibitor-1 (PAI-1) is theykimhibitor of plasminogen activation system, ithgarises an
inactive proenzyme, plasminogen which can be cdeadeto active enzyme, plasmin. Plasmin degrademfihto
soluble fibrin degradation products, so PAI-1 devwegulates fibrinolysis [6].

The role of PAI- 1 in asthma is poorly understoodspite of its known important role in other tigsuepair
processes as pulmonary fibrosis and renal fibrogg[

The aim of our present work is to investigate tloeralation between PAI-1 and bronchial asthma sgvand
whether steroid therapy could affect its level.

MATERIALS AND METHODS

The study was performed on two asthmatic grouph eatuded 20 patients attending in Allergy OutpatiClinic,
Children Hospital, Cairo University. The asymptoimaroup patients were free of symptoms (controbsthma)
and sub-classified into mild and moderate persistebgroups each of 10 patients according to astewarity;
they were 11 males and 9 females with age ranged #-12 years. The symptomatic group (uncontrcdistthma)
patients were suffering from acute exacerbatiotheiir asthma and sub-classified into mild and matgesubgroups
according to severity of acute exacerbation; theyand4 males and 6 females with age ranged fro® yiears. The
study also included 20 healthy non-asthmatics, agk sex matched controls. Patients with any uniherliung
pathology as a cause of wheezing complicated wifidictions and those found to have parasitic infiesta were
excluded from the study.

All patients were subjected to: detailed historkirtg, thorough clinical examinations, chest x-rayeixclude any
disease other than bronchial asthma, peak expjréitow rate (PEFR) readings, baseline pulmonarycfiom tests
(mainly FEV,), laboratory investigations (CBC including absel@osinophilic counts, total serum IgE level by
micro particle enzyme immune-assay technique, wimg stool analysis) and estimation of plasma PAp&tients
and controls using ELIZA technique (American Biogwots Parisppany' NJ).

Statistical Methods:
All the above data were collected and statistictbted by analysis of variance or students't-@strelations were
studied by simple Persons Coefficient. Significames defined as P<0.05.

RESULTS

A total number of 60 children (33 males and 27 fiesiawere included in this study, they were divideth 3
groups; control group included 20 non-asthmati¢dcen (11 males and 9 females) their age rangesldast 2.6 to
12 years (mean = SD. 6.79+2.65 years). A symptangtoup included 20 asthmatic children and clasdifnto
mild and moderate subgroups each of 10 childremmild subgroup there were 6 males and 4 femalek agie
ranged between 4.5 to 12 years (mean = SD: 5.53#22rs). In moderate subgroup there were 4 malds6a
females with age ranged between 4 to 8 years (mie8D: 5.45+1.38 years). Symptomatic group inclu@éd
asthmatic children suffering from acute exacerlatid their asthma and subclassified into mild andderate
subgroups each of 10 children. In mid subgroupethere 6 males and 4 females with age ranged betdeo 11
years (mean + SD: 5.65+2.22 years). In moderatgrsuip, there was 6 males and 4 females with aggethn
between 4 to 13 years (mean + SD: 8.2+3.17 yedrsjelwas no significant difference between theysgdups as
regards age and sex.

Table (1): Shows the results of absolute eosinophilic couf@@GAin all studied groups, where AEC ranged between
0-530/mmi(163.45+154.77/mf) incontrol group, between 0-570/r{{253.6+194.31/mr) in mild asymptomatic,
between 0-345/mii161.0+107.37/mr) in moderate asymptomatic, between 55-756/(8i5.2+248.38/mr) in
mild symptomatic, between 0-590/mi{{®42.2+214.0/mr) in moderate symptomatic subgroup. There was no
significant difference between the study groupsegsrds AEC.

Table(2):Shows the results of total serum IgE in all stddggoups, where IgE levels ranged between 12.00107.

lU/dL (53.7£27.35 IU/dL) in control group. In mildsymptomatic IgE level ranged between 288-1560dU /
(910£392.51 IU/dL) and in moderate asymptomatieveen 168-1339 1U/dL (803.8+369.1 IU/dL).
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In mild symptomatic it ranged between 197-2303 ¢l (1025.7+524.10 IU/dL) and in moderate symptomati
subgroup it ranged between 662-2571 1U/dL (1699708162 IU/dL).

There was a highly significant elevation in serugk lof the asthmatic groups than control group. Noificant
difference was found between asymptomatic subgrqopkl and moderate) and mild symptomatic subgrpups
while the moderate symptomatic subgroup showedhigjgnificant elevation in total IgE levels in cparison to
other asthmatic subgroups.

Table (3): Shows the overall results of plasminogen activaibibitor -1 in all studied groups. In control gm
PAI-1 levels ranged between 8 to 42 ng/mL (20.1%2Zg/mL). In mild asymptomatic PAI-1 ranged betwdd-
55 ng/mL (48.3+6.27 ng/mL). While moderate asymmtioranged between 44-70ng/mL (56.1+7.03 ng/mL).

In mild symptomatic, PAI-1 levels ranged between6®4ng/mL (50.3+8.02 ng/mL) and between 59-65 ng/mL
(61.80+2.09 ng/mL) in moderate symptomatic subgroligere was significant more mean values of PARAll
asthmatic groups compared to control group. Modesabgroups (asymptomatic and symptomatic) shovgtdyh
significant increase compared to control group #mdboth mild asthmatic subgroups. No significarffedence
between mild subgroups and also no significanedifice between both moderate subgroups.

Table (4): Shows comparison between patients receiving idhedeticosteroids (ICS) and those not receiving ICS
as regards levels of PAI-1, where there was afégmnit lowering in patients receiving ICS.

Table (1): Comparison of AEC (Cell/mn) in all studied groups

AEC (Cell /mm?) Mean + SD Rang Sig.
Control gr. 163.45 +154.77 (0 :530
Asymptomatic group Mild 253.6 +194.31 (0 :570) 0.17

1 Mod. 161 + 107.37 (0:345 0.964
Mild 315.2 +248.38 | (55: 756 0.04
Mod. | 242.2 £214.58 (0: 590 0.258

Symptomatic group

Table (2): Comparison of serum total IgE (IU/dL) beween all studied groups

F test 6.13
IgE (1U/dL) Sig. 0.0C
Tukey test Mild Asymptomatiq Moderate asymptomatidlild symptomatic| Moderate symptomatic Contro
Mild Asymptomatic 0.097 0.97 0.001* 0.00*
Moderate Asymptomatid 0.97 0.75 0.006* 0.00*
Mild Symptomatic 0.97 0.075 0.00* 0.00*
Moderate Symptomatic 0.00* 0.006* 0.00* 0.00*
Control 0.00* 0.00* 0.00* 0.00*
Mean = SD 910+392.51 803.8+369.18 1025.7+524.10 91839504.62 53.7+27.3§

Table (3): Comparison of serum PAI-1 (ng/mL) in allstudied groups

F 36.84
PAI Sig. 0.0C

Tukey test Mild Asymptomatiq Moderate asymptomatidlild symptomatic| Moderate symptomatic Contro
Mild Asymptomatic 0.00* 0.794 0.00* 0.001*
Moderate Asymptomatid 0.00* 0.00* 0.221 0.00*
Mild Symptomatic 0.794 0.00* 0.00* 0.001*
Moderate Symptomatic 0.00* 0.221 0.00* 0.00*
Control 0.001* 0.00* 0.001* 0.00*
Mean = SD 48.3+6.27 56.1+7.03 50.3+8.02 61.8+2.09 0.1212.52

Table (4): Comparison of serum PAI-1 (ng/mL) in patents receiving inhaled corticosteroids (ICS) andhose not receiving ICS

PAI-1 Range Mean + SD Sig.
IC_:S (8:56) | 19.30 + 16.544
N =10
Non ICS 0.00
N = 30 (20:70) | 45.80 + 12.82¢

DISCUSSION
Asthma is a complex disorder, which cannot be @efindequately in terms of a universally comprelvenand

acceptable definition. However, many definition @édbeen proposed; The National Heart, Lung and blosiitute,
international asthma consensus report NationalmAatEducation Program Expert Panel Report Il (19&0arded
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asthma as a chronic inflammatory airway disordewlich many cells play a role especially eosinaphihd mast
cells[9].

Asthma may have its onset at any age. 10-15% o$ laoyl 7-10% of girls may have asthma during chibdho
About 80-90% has their first symptoms before 4-&rgeof age and 30% of them are symptomatic by eae gf
age[10].

PAI-1 is approximately 52.000 Mr., single chains@ine-less glycoprotein which is released by dmelil cells,
macrophages, monocytes, hepatocytes, plateletadipdcytes[11]. PAI-1 is induced in airways by Virgections
and may mediate airway remodeling[12].

In our study there is significant increase of meatlue of PAI-1 in all asthmatic groups in companigo control
healthy subjects and the moderate asthmatic supgrshowed highly significant increase of mean valuBAI-1
compared to mild subgroups.

Both mild subgroups (Asymptomatic and symptomasicpwed no significant difference to each other dmat
significant with lower mean values to moderate sabgs and a higher mean value to control groups.

Moderate subgroups showed no significant differetcceeach other but significant higher mean valuemitd
subgroups.

The above mentioned results indicate that with tihéal asthma have increased fibrinolytic activitydaPAl-1
down-regulates fibrinolysis in the circulation[@Al-1 may prevent fibrosis not only by inhibitingigration of
inflammatory cells but also by promoting the plasrdependent pathway[13].

Similar to our results, Liu et al. (2016), Stewatral. (2013) and Huang et al. (2013) suggestth®aPAI-1 inhibitor
may have therapeutic potential for asthma by siwggimg eosinophilic allergic response and ameliogatiirway
remodeling[14,15,16].

In our study the level of PAI-1 is increased witicrieased degree of asthma severity, which is sinalthe result of
CHO et al. (2016) whom concluded that a genetidamérof PAI-1 together with early life lower resgiory
infections as RSV bronchiolitis within the firstyRars of life is a associated with increased risksthma morbidity
and reduced lung functions[12].

Also Malmstrom K et al. (2011) and Cho S et al.(2)) reported that PAI-1 was negatively associatighl FVC in
patients with asthma[17,18].

In our present study we have compared PAI-1 inepédi using inhaled corticosteroids (ICS) with thasé using,
where we found that patients used ICS had statlitisignificantly lower mean value compared togdaot using
ICS (19.3+16.546 ng/mL vs. 45.8+12.826 ng/mL) witghly significant value.

PAI-1 mRNA increased 3-fold in the cultured murkeratinocytes after the addition of 1 UM hydrocawtie by 2
hours and remained elevated for at least 8 houjrs[19

There is evidence that bronchial hyper-responssene methacholine, asthma symptom score and infltory
cells, decreased significantly after both low anghhdose of fluticasone propionate. Moreover thmaéeling
features of the airwayas increase in the vasculariéa, increase in number of vessels, and tharteagemembrane
thickness, decreased only after high dose of #istice propionate[4,20].

In our present study, there is highly significamtvér mean value of PAI-1 in patients using ICS cared to those
not using ICS. This means that the use of ICS erdgmfibrinolytic activity and promotes extracellulaatrix

degradation in patients with bronchial asthma. Algor study confirms the fact that ICS in very lawse of
corticosteroids could prevent airway remodeling$thma compared to use of high dose corticostaizbncluded
by the study done by. Baraket et al. (2012)[4].

CONCLUSION
PAI-1 may play an important role in the pathogéne$ asthma and further studies evaluating thehaaisms of

PAI-1 action in asthma may lead to the developroéatnovel therapeutic target for the treatment predention of
asthma.
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