ORIGINAL ARTICLE

Increased expression of a, (CD49b), o, (CD49d)
and B, (CD29) integrin subunits on peripheral
blood T lymphocytes in clinically stable

mild-to-moderate persistent asthma

Stanistawa Bazan-Socha, Joanna Zuk, Bogdan Jakiela,

Grazyna Pulka, Karolina Petka*, Jacek Musiat

2nd Department of Internal Medicine, Jagiellonian University Medical College, Krakéw, Poland

KEY WORDS

adhesion molecule,
asthma, collagen,
collagen receptor,
integrin

Correspondence to:

Stanistawa Bazan-Socha, MD, PhD,
Il Katedra Chordb \Wewnetrznych,
Klinika Alergii i Immunologii,
Uniwersytet Jagiellonski, Collegium
Medicum, ul. Skawiriska 8,

31-066 Krakow, Poland,

phone: +48-12-430-52-66,

fax: +48-12-430-52-03,

e-mail: mmsocha@cyf-kr.edu.pl
Received: October 16, 2012.
Revision accepted: November 11,
2012.

Published online: November 18, 2012.

Conflict of interest: none declared.
Pol Arch Med Wewn. 2012;

122 (12): 585-590

Copyright by Medycyna Praktyczna,
Krakéw 2012

* KR is a student at the Jagiellonian
University Medical College.

ABSTRACT

INTRoDUCTION  Adhesive molecules, particularly selectins and integrins, are critical for the inflammatory
cell trafficking from blood to the lungs. Among integrins, the most important for cell infiltration are those

containing a, and 3, subunits.
OBJECTIVES

The aim of this study was to evaluate the expression of a, and a, integrin subunits on

peripheral blood T cells in asthmatic subjects, because previously we showed evidence that a,(3, and
a,B, integrins may be found on peripheral blood eosinophils in these subjects. In this study, we also
analyzed the expression of a, and {3, subunits as a positive reference.

PATIENTS AND METHODS  Expression of a,, a,, a,, and 3, subunits was analyzed by flow cytometry on
CD4+ and CD8+* T lymphocytes obtained from the peripheral blood of 54 clinically stable, asymptomatic,
mild-to-moderate persistent asthmatics and 40 healthy controls.

RESULTS  The a, subunit was not present on peripheral blood T cells in the majority of subjects in both
study groups. Expression of a, was detectable on CD8~ cells in both groups and was increased on CD4*
in asthmatics. Both types of T cells showed higher expression of a, and 3, in patients with asthma.
Expression of a, was higher on CD8* T cells both in asthmatics and controls.

concLusions  Expression of a, and B, integrin subunits is increased on peripheral blood T cells in patients
with asthma, which confirms the preactivation of blood lymphocytes even in stable and asymptomatic

disease. The biological role of a, subunit on T cells remains to be elucidated.

INTRODUCTION  Bronchial asthma is a common
chronic inflammatory disease of the airways. Its
prevalence increases, while the pathogenesis is
still poorly understood.! The inflammatory re-
sponse in asthma is localized in the airways, and
eosinophils are considered as major effector cells.?
Allergen challenge results in an increased num-
ber of blood and bronchial eosinophils.® Howev-
er, the mechanism of eosinophil recruitment and
the pathway of its activation have not yet been
fully elucidated. Although anti-interleukin (IL)-5
antibodies distinctly reduce blood eosinophilia,
they have no effect on asthma course and sever-
ity.* On the other hand, helper T lymphocytes
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appear to be pivotal in driving the disease devel-
opment and progression. Adoptive transfer of
Ag-primed T cells into naive animals induces eo-
sinophilia, bronchial hyperresponsiveness, and
late airway response.® Moreover, helper T cells are
activated in the airways, even when the disease
is asymptomatic.5 Leukocyte migration through
the blood vessel wall and into inflammatory site is
mediated by cell-surface receptors and their spe-
cific ligands localized on the vascular endotheli-
um and in the extracellular matrix (ECM). Among
these receptors, integrins play a key role. Integ-
rins present on leukocyte surface belong to a large
family of heterodimeric glycoproteins, which in
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TABLE 1 Clinical and laboratory characteristics of the subjects
Asthmatics Healthy controls P
n = 54 n =40
sex, men/women 18/36 16/24 NS
age, y 43 =141 38 =10.1 NS
duration of asthma, y 10.2 (9.4) - -
FEV,, % predicted 83 =17 - -
blood eosinophilia, /mm? 225 (159) 106 (66) <0.05
total IgE, 1U/1 562 (265) 45.8 (48.5) <0.05
serum ECP, pg/! 19(12.8) 8.8 (6.9) <0.05

Data are presented as mean =+ standard deviation or median (interquartile range).

Abbreviations: ECP — eosinophil cationic protein, FEV, —forced expiratory volume
in 1 second, IgE — immunoglobulin E, NS — nonsignificant

the active conformation are composed of 2 non-
covalently associated o and B subunits. Current-
ly, 18 o and 8 B subunits are identified, which

are associated in a restricted manner to create

24 heterodimers for specific ligand binding.” By
regulating the cell-cell and cell-matrix interac-
tions, they modify cell growth, migration, acti-
vation, and survival.” Firm adherence of leuko-
cytes to the endothelial cells is supported main-
ly by interaction of B, and a, integrins. o, asso-
ciates in vivo with B, or B,. a8, mediates adher-
ence to vascular cell adhesion molecule-1, while

a,f, to mucosal addressin cell adhesion mole-
cule-1. Only the former plays an important role

in asthma pathogenesis.®

Previously, we showed evidence that collagen

receptors, o, and a,B, integrins, can be found up-
regulated on peripheral blood eosinophils of asth-
matic subjects.? Increased expression of o, f3, inte-
grin on T lymphocytes has been also document-
ed during severe asthma exacerbation.'’ o 8, and

o,f, integrins are structurally very homologous

but their role in the physiology and disease devel-
opment displays many differences. a B, integrin

is a selective receptor for basement membrane

collagen type IV, whereas a3, is more specific for
fibrillar collagens types I-IIL."* Collagen I (and III)

is a major component of ECM in the lungs and,
for this reason, it could be important in bronchi-
al asthma-dependent airway remodeling.'* Ben-
eficial effects of anti-a, 3, monoclonal antibodies

have been described in certain animal models of
immunologically mediated diseases, including

inflammatory bowel disease, arthritis, and aller-
gen-induced leukocyte recruitment to the lungs

associated with late airway response in sheep.!""?

However, the role of both these collagen receptors

in asthma pathology has not been comprehen-
sively studied so far. For this reason, in our study,
we analyzed the expression level of a, and , inte-
grin subunits on peripheral blood CD4* and CD8*

T lymphocytes of asthmatic subjects and healthy

controls. Moreover, we also assessed the expres-
sion of a, and f3, as a positive reference because

the pathological role of o, f, integrin on T cells in

asthma has already been well documented.'

PATIENTS AND METHODS  Patients ~ The study was

performed in 54 adult atopic asthmatics and 40

healthy controls. All asthma patients were in stable

clinical condition with mild (n = 29) to moderate

(n = 25) persistent asthma, according to the Glob-
al Initiative for Asthma guidelines.' Atopic status

of all asthma patients was confirmed by a posi-
tive skin prick testing for at least 1 standard in-
haled allergen (Allergopharma, Germany). All pa-
tients had good asthma control and were treat-
ed with low or medium dose of inhaled glucocor-
ticosteroids with (moderate asthma) or without

(mild asthma) long-acting B,-agonists. Smokers

and patients suffering from heart failure, diabetes

mellitus, renal or hepatic diseases, as well as oth-
er chronic diseases were excluded from the study.
The control group consisted of nonatopic and non-
smoking volunteers without any chronic disease.
Our study was approved by the Jagiellonian Uni-
versity Ethical Committee and all subjects gave in-
formed consent to participate in the study.

Antibodies Monoclonal mouse antihuman anti-
bodies: PerCP-conjugated anti-CD3 (clone SK7),
FITC-conjugated anti-CD4 (clone SK3), FITC-con-
jugated anti-CD8 (clone SK1), PE-conjugat-
ed anti-a, (clone SR84), PE-conjugated anti-a,

(clone 12F1), PE-conjugated anti-a, (clone 9F10),
PE-conjugated anti-B, (clone HUTS-21) were pur-
chased from BD Pharmingen, (San Diego, Califor-
nia, United States). The isotype control staining

was performed using appropriate (PE- or FITC-la-
beled) mouse isotype antibodies (BD Pharmin-
gen). Control staining was performed for each

subject to standardize median fluorescence in-
tensity (MFI) values.

TABLE 2 Comparison of expression of integrin subunits on 2 subsets of T lymphocytes present in asthma patients and healthy controls; values are
presented as standardized median fluorescence intensity obtained by subtraction of a nonspecific staining of isotype control

Subunits CD4+ T cells CD8* T cells

asthma control P asthma control P
q, 0.00 (-0.9; 0.22) 0.1(-0.12; 0.52) NS 0.04 (-0.06; 0.28) 0.03 (-0.07; 0.23) NS
a, 2.31(1.24; 2.88) 1.59 (0.77; 2.48) 0.02 1.51(1.02; 2.91) 1.37 (0.54; 2.27) NS
a, 7.49 (4.74,9.7) 5.01 (4.13; 7.06) 0.008 12.4 (9.3; 14.4) 9.00(7.99; 11.2) 0.002
B, 11.9(6.31; 15.1) 6.16 (3.88; 9.11) 0.0002 9.8(6.33;14.3) 7.23(2.3;9.2) 0.006

Data are presented as median (25th and 75th percentile).

Abbreviations: see TABLE 1
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FIGURE 2  Expression of integrin subunits on CD4+ T cells (blue bars) and CD8~ T cells
(grey bars) in asthmatics (A) and controls (B); values were obtained by subtraction of
nonspecific staining intensity from the fluorescence of integrin subunits (standardized
median fluorescence intensity [AMFI] expressed in units [U]); data are presented as
mean and a standard error of the mean

Abbreviations: see TABLE 1

Eosinophil cationic protein and immunoglobulin E
Serum levels of eosinophil cationic pro-
tein (ECP) and immunoglobulin E (IgE) were
measured using the UniCAP System, Pharma-
cia, Sweden.

levels
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Gating strategy used in flow cytometry; fluorescence of the studied integrin subunits (PE-labeled) was analyzed in a cell population

Flow cytometry The expression level of o, a,, a,,
and B, integrin subunits on CD4* and CD8* pe-
ripheral blood T lymphocytes was analyzed by
flow cytometry (Epics XL, Beckman Coulter In-
ternational, Nyon, Switzerland). Briefly, 100 pl
of EDTA-anticoagulated venous blood was incu-
bated for 30 minutes with saturating concentra-
tion (10 pl) of specific mouse monoclonal anti-
bodies. Then, samples were fixed for 10 minutes
with 2 ml of BD FACS lysing solution (Becton
Dickinson, San Diego, California, United States)
and washed twice with 2 ml of phosphate buff-
ered saline supplemented with 0.1% azide. Cells
were suspended in 0.5 ml of 1% paraformalde-
hyde and analyzed by flow cytometry.

Statistical analysis Normally distributed results

are presented as mean + standard deviation. Val-
ues that were not normally distributed are pre-
sented in tables as median with interquartile

range (TABLE 1) or with 25th and 75th percentile

(TABLE 2) and in figures as mean with a standard er-
ror of the mean. A comparison between the stud-
ied groups was done using the Mann-Whitney
U test; relationship by the Spearman rank corre-
lation test. In all instances, two-sided 5% level of
significance was used. All statistical testing was

performed by Statistica StatSoft (Tulsa, Oklaho-
ma, United States).

RESULTS The clinical and laboratory charac-
teristics of the subjects selected for flow cytom-
etry analysis are presented in TABLE 1. Asthmatic
and control subjects were similar in sex and age.
Blood analysis revealed a significant difference
in eosinophilia, ECP, and total IgE levels between
asthmatics and controls.

Gating strategy for flow cytometry is present-
ed in FIGURE 1. The expression of integrin subunits
(PE-labeled) was analyzed separately in CD3*CD4*
and CD3*CD8" cell populations (gates A and B).
MEFI of a given marker was standardized by sub-
traction of a nonspecific staining of isotype con-
trol (AMFI values are presented in TABLE 2 and
FIGURE 2).
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FIGURE 3 Representative flow cytometry patterns of the expression of integrin
subunits on T lymphocyte populations; asthma subjects are represented by a thin line
with shape shadow, healthy controls by a bolded line, and isotype control by a dotted
line

A flow cytometry analysis revealed signifi-
cant differences between the expression of dif-
ferent integrin subunits on T lymphocytes (TABLE 2,
FIGURES 2 and 3). Among the 2 investigated collagen

receptors, o, integrin subunit was not present on
peripheral blood CD4* and CD8* T cells of the ma-
jority of asthma patients and healthy controls,
showing no difference between the asthma and
control groups. Only a few subjects from both
groups showed clearly detectable expression of
o, subunit. On the other hand, the expression of
a, was present on both CD4* and CD8* T cells, al-
though its significantly higher level was observed
only for CD4* T cells in asthmatics. Expression
of , and B, subunits on both T cell subtypes was
also increased in asthma. In both groups, we ob-
served a strong positive correlation between o,
and B, subunits (P <0.00 001, = 0.67 for CD4";
P <0.00001, r=0.57 for CD8* T cells). Moreover,
in both groups, we observed significantly high-
er a, expression on CD8* compared with CD4*
T cells (TABLE 2, FIGURE 2).

DISCUSSION  In our study, the expression of o,
and f, integrin subunits on CD4* and CD8" as well
as a, on CD4* blood T cells was increased in asth-
matic subjects. We also observed a tendency for
higher expression of a, subunit on CD8* T cells
in asthma, but the difference did not reach signif-
icance. This observation confirms preactivation
of T cells in the peripheral blood of asthma sub-
jects and determines readiness of these cells for
migration into the inflammatory site in the air-
ways, even if disease is clinically stable and as-
ymptomatic. The biological role of CD4* and CD8*
T cells in asthma pathology is controversial but
seems to be redundant. In a recent study, Ma-
chure et al." found an increased number of both
CD4* and CD8* blood T cells with highly positive
intracellular staining for IL-4 and IL-13 in chil-
dren with atopic asthma, suggesting a similar
function of both these T-cell subtypes.

Our results indicated that o, integrin subunit,
in contrast to o, was not present on peripheral
blood T cells in mild-to-moderate persistent asth-
ma and healthy controls in the majority of sub-
jects. Similar observation was made in a group of
healthy controls by Goldstein et al.,'”” who found
this collagen receptor on CD4* T cells only in
a few subjects and showed that it was restrict-
ed to a subset of memory cells mediating T help-
er 1-type immune response in peripheral tissue.
There are no reports concerning expression of o3,
integrin on T lymphocytes in asthma.

The biological role of increased basal levels of a,
integrin subunit on peripheral blood CD4* T cells
in asthma remains to be elucidated. Collagens are
the major structural matrix proteins, which were
abundantly found in the majority of human tis-
sues. Therefore, their receptors could be involved
in the pathology of numerous chronic diseases, es-
pecially those leading to the architectural chang-
es, e.g., asthma remodeling.'® Rahmount et al."®
evaluated the presence of CD18"¢"CD49b* T lym-
phocytes in peripheral blood and confirmed an in-
creased number of these cells in severe asthmat-
ics when compared with mild asthmatics and
healthy controls. Overexpression of a8, integrin
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on T lymphocytes has been documented also dur-
ing severe asthma exacerbation.'” We obtained

similar results in asymptomatic subjects, but

only for CD4* T cells. However, the biological

role of o, B, integrin in asthma remains unknown.
Kuijpers et al.?? reported that o,B, integrin is in-
volved in eosinophil migration through mem-
branes covered with human umbilical vein en-
dothelial cells. We also showed that inhibition

of o, and o, B, integrins diminished eosinophils,
but had no effect on peripheral blood mononu-
clear cell transmigration through human micro-
vascular endothelial cell monolayer.?' Therefore,
these collagen receptors appeared not to be in-
volved in lymphocyte infiltration. Ligands for
a,f3, integrin, such as collagen type I, collagen

type IV, and laminin, are important components

of the lung ECM, and participation of this inte-
grin in tissue remodeling during asthma devel-
opment is considered.?? This hypothesis is sup-
ported by a previous report which demonstrat-
ed a,B, integrin as a stimulator of collagen and

fibronectin accumulation in the airways.?® Based

on our results, one could speculate that in this

aspect the function of CD4" is more important
(with basal upregulation of a, integrin subunit)

than that of CD8* T lymphocytes. Current chron-
ic asthma therapy markedly attenuates allergic
inflammation, but has no direct effect on the re-
modeling process.? In a murine asthma mod-
el, both effects could be achieved by imatinib -
a tyrosine kinase inhibitor that inhibits colla-
gen deposition.? It is possible that inhibition of
B, integrins, leading to the blockage of integrin-
-linked kinase, may also influence airway remod-
eling, a goal which cannot be achieved by cur-
rent asthma treatment, including antileukotriene

agents.?%28 It is tempting to speculate that integ-
rin collagen receptors could become a new ther-
apeutic target in the treatment of asthmatic air-
way remodeling.
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STRESZCZENIE

WPROWADZENIE W przechodzeniu komérek zapalnych z krwi do ptuc w astmie istotne sg czasteczki
przylegania komérkowego, w szczegélnosci selektyny i integryny. Sposréd integryn najwazniejsza rola
przypada tym, ktére posiadajg podjednostki a, i B,.

CELE Celem pracy byto zbadanie ekspresji podjednostek a, i a, na powierzchni limfocytéw T krwi
obwodowej u chorych na astmg, poniewaz poprzednio wykazaliSmy, ze integryny a,B, i a,, moga by¢
obecne na powierzchni eozynofiléw krwi obwodowej w tej grupie chorych. W pracy analizowano takze
ekspresje podjednostek a, i B,, jako kontrole pozytywng badania.

PACJENCI I METODY Ekspresjg podjednostek integrynowych a,, a,, a, i 3, badano za pomocg cytome-
trii przeptywowej na powierzchni limfocytéw T CD4+ i CD8+ krwi obwodowej u 54 chorych na astme
oskrzelowa przewlektg tagodng i umiarkowana, w stabilnym okresie choroby i bez objawdw oraz u 40
oso6b zdrowych.

WyYNIKI - Podjednostka a, byta nieobecna na limfocytach T krwi obwodowej u wigkszo$ci 0séb z obu
badanych grup. Ekspresja a, byta wykrywalna na komérkach CD8* w obu grupach, natomiast podwyz-
szona na limfocytach CD4+ u chorych na astme. U pacjentéw z astmg wykazano takze na obu typach
limfocytéw T zwigkszong ekspresje podjednostek a, i B,. Ekspresja a, byta wigksza na komérkach CD8*
zar6wno u chorych na astme jak i w grupie kontrolne;.

wnioski  Ekspresja podjednostek integrynowych a, i B, jest wigksza na limfocytach krwi obwodowe;
u chorych na astme, co potwierdza aktywacje tych komérek nawet w stabilnym i bezobjawowym okresie
choroby. Biologiczna rola podjednostki a, obecnej na limfocytach T pozostaje do wyja$nienia.
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