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Asthma research is shifting from studying symptoms and lung functions to the narrow-focus cellular profiles protein analysis, biomarkers, and ge-
netic markers. The transmembrane glycoprotein CD93 is involved in endothelial cell migration, angiogenesis, leukocytes extravasation, apoptosis,
innate immunity and inflammation. Relationships between the serum level of soluble CD93 (sCD93) and acute myocardial infarction/premature MI/
inflammatory arthritis/skin sclerosis have recently been reported. We hypothesized that sCD93 would be elevated during the acute phase of asth-
ma. We measured the serum level of sCD93 in 57 patients with asthma exacerbation and 57 age-and gender-matched healthy controls. Additional-
ly, sCD93 was reassessed at the time of discharge from the hospital. Clinical characteristics and peak expiratory flow (PEF) of the patients were as-
sessed. The primary outcome was the comparison of serum level of sSCD93 between asthmatics and healthy subjects. The sCD93 values ranged
from 128 to 789 ng/mL in asthmatics (345.83+115.81) and from 31 to 289 ng/mL in control subjects (169.46 +62.43). The difference between the
2 groups was statistically significant (P<0.001). The association between sCD93 and asthma remained significant after adjusting for age, sex, and
BMI. The differences between asthmatics and controls remained significant on the last day of hospital stay. The association between sCD93 and
PEF was not significant. In conclusion, the serum level of soluble CD93 is increased in patients with asthma exacerbation. It also showed that serum
levels of sCD93 decreased with treatment of asthma attack. The clinical usefulness of determination of sCD93 as a biomarker of asthma requires
further studies.
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INTRODUCTION blood." Noninvasive and reliable biomarkers would ideally be
standard in the daily clinical routine, but are currently unavail-

Asthma affects over than 300 million individuals worldwide, able in asthma.

making it one of the most prevalent diseases. Asthma is man-
aged according to consensus guidelines."* It is a chronic immu-
nological disorder of the lungs characterized by reversible air-
way obstruction, airway inflammation, and increased airway
hyperresponsiveness in response to provocative challenges.?
The diagnosis and management of asthma is generally based
on symptoms, often combined with pulmonary function test
results. However, these criteria may not reflect underlying air-
way inflammation. Asthma research is shifting from studying
symptoms and lung functions to the narrow-focus cellular pro-
files, protein analysis, biomarkers, and genetic markers. Asth-
ma biomarkers include biomolecules that undergo cellular,
biochemical, or molecular alterations in asthmatic patients ver-
sus healthy subjects that are measurable in biological samples,
such as lung tissue, bronchoalveolar lavage fluid, nasal fluid, or
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The type 1 transmembrane glycoproteine CD93(C1qRP) is en-
coded by the CD93 gene found on chromosome 20.° It is ex-
pressed early on the surface of myeloid cells during B-cell differ-
entiation in the bone marrow and on the surface of hematopoi-
etic stem cells, natural killer cells, endothelial cells, platelets, and
microglia.® The predicted molecular weight of CD93 is 120 kD
and consist of a c-type carbohydrate-recognition domain, a fine
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epidermal growth factor-like domain, a single transmembrane
domain, a main domain, and an intracellular domain.>**°

CD93 has been implicated in regulating adhesive processes
and expressions on the endothelial and circulating cells consis-
tent with the role of CD93 in cellular homing to the sites of in-
flammation." It was hypothesized that CD93 could be involved
in endothelial cell migration, angiogenesis, and leukocytes ex-
travasation," and it was reported that CD93 plays a role in the
C1q/MBL/SP-A-mediated removal of immune complexes and
pathogens via phagocytosis.” Other studies have demonstrated
a role of CD93 in apoptosis, innate immunity, and inflamma-
ﬁon.l4,15

Soluble CD93 was detected in normal human plasma, sug-
gesting that the cleavage event is physiologically relevant.'® In
addition, production of sCD93 was induced by the inflammato-
ry mediators TNF-a and LPS, indicating physiologic pathways
that trigger this event."”

Based on previous studies that identified a soluble form of
CD93 in human plasma in response to activation with inflam-
matory stimuli, we hypothesized that sSCD93 would be elevated
during the acute phase of asthma. To test this hypothesis, we
investigated whether the concentration of sCD93 in asthmatic
patients is higher than in age-and gender-matched healthy
subjects. In addition, we investigated the correlation between
sCD93 and peak expiratory flow, and some other clinical prop-
erties of asthmatics.

MATERIALS AND METHODS

All the adult patients who were admitted with acute exacerba-
tion of asthma at Tohid Hospital (a 400 bed referral university
hospital, Sanandaj, Iran) between June 2013 and July 2014 were
enrolled. Inclusion criteria included male and female subjects
with (1) a history of physician- diagnosed asthma who may or
may not take inhaled corticosteroids (ICSs), (2) stay at the hos-
pital for more than 2 days, and (3) ability to provide informed
consent. Patients underwent a complete physical examination,
measurement of baseline peak expiratory flow (PEF), and leu-
kocyte count and differential cell count at the time of initial en-
rollment. Plasma sCD93 concentration was measured using
ELISA (eBioscience, San Diego, CA, USA) at the time of admis-
sion and repeated on the morning of discharge day.

Patients with lung diseases other than asthma, history of
chronic inflammatory or autoimmune disorders, and history of
upper or lower respiratory infections within 4 weeks of the
study were excluded from the study.

Age-and gender-matched healthy subjects were selected from
volunteers. None of the control subjects had a history of asth-
ma, allergic rhinitis, or other inflammatory disorders.

All the patients and control subjects provided written informed
consent, and the study protocol was approved by the Ethics Re-
view Board of the Kurdistan University of Medical Sciences.
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For continuous variables, data are presented as mean (stan-
dard deviation). For multiple comparisons, 1-way analysis of
variance was used. Correlations between 2 variables were eval-
uated using Pearson’s correlation coefficient. Multiple linear re-
gression analysis was performed to determine whether sCD93
levels would be associated with asthma after adjustment for
other variables. A Pvalue of <0.05 was considered significant.

RESULTS

During the study period, 57 adult patients (32 women and 25
men) with acute exacerbation of asthma and the same number
of age-and gender-matched healthy controls were cross-sec-
tionally studied. According to the Global Initiative for Asthma
guidelines,' specialists rated asthma control status as well-con-
trolled in 10 (17.5%), partially controlled in 25 (44%) and un-
controlled in 22 (38%) of patients before current exacerbation.
Regular use of ICSs had been stopped by 59% of patients prior
to admission to the hospital. The characteristics of the patients
are summarized in Table 1.

The sCD93 values ranged from 128 to 789 ng/mL in asthmat-
ics (mean+SD, 345.83+£115.81) and from 31 to 289 ng/mL in
control subjects (169.46 +62.43). The difference between the 2
groups was statistically significant (P<0.001). The association
between sCD93 and asthma remained significant after adjust-
ing for age, sex, and smoking (P=0.001) (Table 2). In asthmatic
patients, there was no significant difference in the sCD93 levels
between men and women (men, 375.84 £151.39 ng/mL; wom-
en, 322.37170.37 ng/mL; P=0.473).

The mean (SD) length of hospital stay was 4.7 (1.97) days. The
serum levels of sCD93 in asthmatics decreased to 303.54
(110.75) ng/mL in response to therapy. The difference in sSCD93
between the first and last day of admission was significant

Table 1. Clinical characteristics of the subjects

. Healthy
Characteristics AsthTatms subjects  Pvalue
n=>57
n=57

Age (year), mean (SD) 46.98(12.09)  48.37(8.04) 0.47
Gender (M/F) 25/32 24/33 <0.01
BMI (kg/m?) 28/50(6.15)  27.76(5.52) 0.62
Duration of disease (year) (SD) 8.46 (7.31)
ICS negative before admission 32 (59/4)

(no/percent)
Length of hospital stay (day)

mean (SD) 47(1.93)
PEF at admission day (I/min) (SD) ~ 261.7(90.3) <0.01
PEF at discharge day (I/min) (SD) ~ 316.1(87.7) - 0.01
Active smoking (no/percent) 13(22.6) 13(22.6) <0.01

BMI, body mass index; IC, inhaled corticosteroid; PEF, peak expiratory flow.
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Table 2. Comparison of CD93 levels between the asthma and control groups after adjustment for sex, age, and smoking using multiple regression analysis

Unstandardized coefficients

Standardized coefficients

95.0% Confidence interval for beta

Pvalue
Beta Std. Error Beta Lower bound Upper bound
Constant 99.302 44.889 0.029 10.334 188.269
Group (Asthma/Control) 179.944 17.502 0.705 <0.001 145.255 214,633
Sex (Male/Female) 16.403 17.483 0.064 0.350 -18.248 51.055
Age (year) 1.120 0.857 0.090 0.194 0578 2818
Smoking (Yes/No) 29.666 20.787 0.098 0.156 -11.534 70.866

The difference in CD93 levels between the asthma and control groups is significant (P<0.001) after adjusting for sex (P=0.35), age (P=0.194), and smoking

(P=0.156) in multiple regression analysis (R?=0.497).
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Fig. 1. Comparison of serum levels of CD93 between healthy control subjects
and asthmatic patients. The mean serum level of CD93 in control group was
169.45 (£ 62.43) and in the first and last day of hospital stay of asthmatics
were 345.83 (+115.81) and 303.54 (£ 110.75) respectively. The differences be-
tween control subjects and both groups of asthmatics were significant.
(P=0.001, P=0.001). The difference between first and last day of hospital stay
in asthmatics remain significant (P=0.004).

(P=0.004) (Fig. 1). A marginal difference in the levels of sSCD93
between patients with use of ICS and those without was ob-
served, but it was not statistically significant (ICS*, 377.52%
129.06 ng/mL; ICS, 327.01 £99.44 ng/mL; P=0.067).

The mean (SD) of PEF on the first day of admission was 261.7
(90.3) L/min and increased to 316.1 (87.7) L/min on the last day
of hospital stay (P<0.001). The association between sCD93 and
PEF was not significant (Fig. 2A and B). There were no positive
correlations between sCD93 and family history of asthma
(P=0.38), age of patients (P=0.249), eosinophil count (P=
0.735), neutrophil count (P=0.975), or duration of hospital stay
(P=0.05). The duration of disease had a positive correlation
with sCD93 (P=0.006). Twenty-five out of 57 patients had blood
eosinophil count of >250 cells/pL. The difference in serum lev-
els of sCD93 was not statistically significant between asthmatic
patients with higher eosinophil (357.72 + 136 ng/mL) and those
with lower levels of eosinophil (335.54 +97.52 ng/mL) (P=0.467).
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Fig. 2. The association between PEF at the first day of hospital stay and CD93
was negative (A). This association in the last day of hospital staying remained
negative (B).
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Thirteen (22.6%) out of 57asthmatics were current smokers. Se-
rum levels of sCD93 were higher in smokers than in nonsmok-
ers (391.15+15 vs 332.44+103.21ng/mL), but the difference
was not statistically significant (P=0.296).

DISCUSSION

The results of the present study showed that the mean level of
sCD93 was 2-fold higher in asthmatic patients with acute exac-
erbation than in healthy subjects. This difference remained sig-
nificant after treatment of asthma attack. To the best of our
knowledge, this is the first study in which the serum levels of
sCD93 in patients with asthma were investigated.

Symptoms and lung function tests may not reflect underlying
airway inflammation of asthmatics. Even in its mildest form,
asthma displays all the features of chronic inflammatory dis-
ease involving persistent activation of mast cell, eosinophil, and
T-lymphocyte.'®" Tissue-specific diagnostic methods, such as
bronchoalveolar lavage, sputum induction, and bronchial bi-
opsy, are used to evaluate airway inflammation. However, the
invasiveness of these diagnostic procedures limits the use of
these methods for daily clinical practice.” Peripheral blood is
relatively easy and less invasive than bronchoscopy or sputum
induction. Several studies have evaluated whether inflammato-
ry soluble mediators would be used as biomarkers of asthma
phenotypes.*

Studies on asthma have shown that inflammatory cells, such
as granulocytes and monocytes, respond with up-regulation of
several markers, such as CD63, CD66, CD67, and CD11b/CD18
in response to inflammatory signals.” The process of homing of
the cells toward the tissue compartments is sufficient to activate
the cells in homeostasis as well as in disease.”® Expression of
CD93 on the endothelial and circulatory cells is consistent with
the role of CD93 in cellular homing to the site of inflammation."
The role of CD93 in apoptosis has been demonstrated. Defects
in the removal of apoptotic cells during inflammation have been
associated with inflammatory phenotypes, such as reduced re-
covery from lung inflammation." These mechanisms may play
arole in prolonging airway inflammation in asthmatics.

In experimental studies of animals, Liu et al.® showed altera-
tions in expression, localization, and involvement of CD93 in
central nervous system inflammation. Harhausen ef al.” dem-
onstrated a significant up-regulation of CD93 mRNA and neu-
roprotective effects of this gene in specific animal models of ce-
rebral ischemia. In mouse models of peritonitis, soluble CD93
expression is detected, and CD93 secretion is strongly associat-
ed with leukocyte migration, complement activation, macro-
phage phagocytosis, and clearance of apoptotic cells."***

A previous investigation demonstrated a potential clinical im-
plication of CD93. Malarstig ef al.*® demonstrated a significant
association between plasma sCD93 levels, premature MI, and
the incidence of coronary artery disease. Recently, Youn ef al.*®
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showed in a case-control study that CD93 levels are significant-
ly higher in patients with acute myocardial infarction than in
control subjects and associated with adverse clinical outcomes.
Joen et al® reported that the concentration of soluble CD93 is
significantly higher in synovial fluid of patients with rheuma-
toid arthritis than in synovial fluid of those with osteoarthritis.
They also investigated a possible role of sCD93 in the patho-
genesis of chronic inflammation. Yanaba et al.*” reported a pos-
itive correlation between serum sCD93 and severity of skin
sclerosis in patients with systemic sclerosis.

It has been reported that soluble CD93 induces differentia-
tion of monocytes to macrophage-like cells, resulting in in-
creased pro-inflammatory cytokines production.” The mecha-
nism behind elevated sCD93 levels in asthmatics may be the
increased shedding of CD93 from monocytes. A recently pub-
lished study demonstrated that activated monocytes (CD16*
CD4dim) are higher in obese and normal-weight asthmatics
compare to healthy controls.?® A in vitro study by Zaslona et al.*
demonstrated that circulating monocytes promote early events
in allergic lung inflammation. Based on these results, it could
be speculated that the increased levels of sCD93 in asthmatics
represent a more pronounced inflammatory activity at high lev-
els of sSCD93.

The present study has several limitations. Several factors oth-
er than the presence of asthma may affect serum levels of
sCD93. Not only the presence of cardiovascular diseases and
connective tissue disorders but also infections are associated
with increased sCD93.5*? Furthermore, in contrast to some
asthma biomarkers, sCD93 levels were unstable and variable
during the treatment. The sCD93 levels were negatively corre-
lated with PEF and significantly higher at admission than at dis-
charge. These findings suggest that sSCD93 may not be a specific
biomarker for asthma and could be a surrogate predictor of
treatment response. However, further studies are required to
better elucidate the clinical implications of the association be-
tween sCD93 and asthma. Inflammatory markers other than
sCD93 were not measured in our study. Another limitation of
the present study is no inclusion of patients in the controlled
stage of asthma, which will help interpret the role of sCD93 as
an inflammatory marker.

In conclusion, the results of this study suggest that soluble
CD93 can be increased in the serum of patients with asthma
exacerbation and that serum levels of sCD93 can be decreased
with treatment of asthma attack. Further studies are needed to
confirm the clinical usefulness of sCD93 determination as a
biomarker of asthma.
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