0031-3998/04/5504-0666
PEDIATRIC RESEARCH
Copyright © 2004 International Pediatric Research Foundation, Inc.

Vol. 55, No. 4, 2004
Printed in U.S.A.

Soluble Adhesion Molecules and Cytokines in
Children Affected by Recurrent Infections of the
Upper Respiratory Tract

GRAZIA MALAPONTE, VALENTINA BEVELACQUA, GIOVANNI LI VOLTI,
MARCELLO PETRINA, GIUSY NICOTRA, VALENTINA SAPUPPO, SALVATORE LI VOLTI,
SALVATORE TRAVALI, AND MARIA CLORINDA MAZZARINO

Department of Biomedical Sciences, Section of General Pathology [G.M., V.B., M.P., G.N., M.C.M.],
Department of Biomedical Sciences, Section of Clinical Pathology and Molecular Oncology [S.T.], and
Department of Pediatrics [G.L.V., S.L.V.], Faculty of Medicine, University of Catania, 95124 Catania, Italy

ABSTRACT

The objective of this study was to compare plasma levels of
soluble adhesion molecules and Th1-Th2 type cytokines in 44
children with frequently recurrent respiratory infections (FRRI)
of upper airways, defined as having nine or more episodes per
year, and in 34 children without recurrence; all subjects were
followed-up for 12 mo. The viral etiology was determined by
cultures from nasal, pharyngeal, and ear secretions, using PCR
and immunofluorescence. Plasma levels of five soluble adhesion
molecules (E-selectin, P-selectin, L-selectin, intercellular adhe-
sion molecule-1, and vascular cell adhesion molecule-1) and
interferon (IFN)-vy, IL-12, IL-4, and IL-10 were measured in
patients and in 15 healthy controls using sandwich ELISA.
During acute phase, all patients showed significant increase in
plasma levels of soluble adhesion molecules; during the follow-
up, the levels were greater in children with FRRI. A difference of
cytokine profile was demonstrated between the patients with and
without FRRI: an increased IL-4 and IL-10 release with de-
creased levels of IFN-y and IL-12 suggested a skewing into

Infections of the URTI are the most common cause of viral
morbidity in children. They represent the most frequent man-
aged problem in general pediatric practice (1) and are respon-
sible for more than one third of school absences (2). Many
different immunologic problems can concur to the develop-
ment of respiratory infections (3). Disorders of the aspecific
humoral and the specific cellular defense are the principal
cause of inflammation in the upper respiratory diseases (4).
The recruitment and activation of inflammatory cells at the site
of infection involve the expression of leukocyte and vascular
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Th2-type response, in patients with FRRI. This pattern persisted
during the follow-up. In patients without recurrence, an increased
IFN-vy and IL-12 release, together with decreased levels of IL-4
and IL-10, showed a skewing into Thl-type responses; in the
follow-up these cytokines reached normal values. In conclusion,
the abnormal levels of all examined parameters in children with
FRRI may reflect the persistence of an inflammatory microenvi-
ronment in the airways and an activation of the immune system
that may contribute to the frequently recurrence of the respiratory
disease. (Pediatr Res 55: 666—673, 2004)

Abbreviations
FRRI, frequently recurrent respiratory infections
URT]I, upper respiratory tract infections
CAM, cellular adhesion molecule
sVCAM-1, soluble vascular cell adhesion molecule-1
sICAM-1, soluble intercellular adhesion molecule-1
IFN, interferon

adhesion molecules and the generation of pro-inflammatory
cytokines, which contribute to the injury of lung epithelial and
endothelial barriers (5). An important role in the early transient
adhesion phases of leukocytes is mediated by the selectin
family, which includes three distinct carbohydrate receptors
expressed by either endothelial cells (E-selectin), leukocytes
(L-selectin), or platelets and endothelial cells (P-selectin) (6).
ICAM-1 and VCAM-1 are membrane glycoproteins, belonging
to the immunoglobulin superfamily; ICAM-1 are widely ex-
pressed on respiratory epithelial cells, monocytes, macro-
phages, dendritic cells, and, together with VCAM-1, on vas-
cular endothelial cells (7, 8). These adhesion molecules, after a
proteolytic cleavage, are found as soluble forms in the circu-
lation (8). Patients with systemic inflammation present ele-
vated levels of soluble adhesion molecules and the measure-
ment of their levels is considered useful in the evaluation of
inflammatory disorders (9—11). Thus, soluble adhesion mole-
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cules could indicate the state of activation of adhesion mole-
cules and regulate the adherence of leukocytes to the endothe-
lial cells (8). However, little is known about the functional role
of adhesion molecules in respiratory tract infections.

Various cytokines up-regulate adhesion molecules on both
endothelial and epithelial cells, thereby enhancing migration of
leukocytes into the mucosa and causing aberrant immune
regulation within the epithelium (5, 12).

In the complex cytokine network, IFN-vy, IL-12, IL-4, and
IL-10 play an important role in responses to viral infections
(13), regulating the Th-1/Th-2 balance (14).

The aim of this study was, first, to measure plasma levels of
soluble adhesion molecules (sL-selectin, sE-selectin, sP-
selectin, sSICAM-1, and sVCAM-1) and Th-1/Th-2 cytokines in
the plasma of children during URTI and to compare these
levels in children with or without FRRI. Secondly, we sought
to evaluate the role of the adhesion molecules and cytokines to
ascertain whether anomalies in the immune response to viral
infections are associated with subsequent development and
recurrence of URTI.

METHODS

Study subjects. This study included 78 children (38 girls, 40
boys) affected by URTI who were referred to the Day Hospital
of the Pediatric Department of the University of Catania and
who completed the follow-up. Written informed consent was
obtained for all patients and controls, from the parents during
the enrollment visit. Moreover, the study protocol was ap-
proved by the University Medical Ethics Committee. The
inclusion criteria into this study were as follows: i) recurrent
URTI characterized by fever >38°C for 3—6 d, rhinorrhea,
sinusitis, otitis, pharyngitis, laryngitis, and mild cough; ii)
normal findings at x-ray examination of the chest during the
acute phase of URTI; iii) no recognized primary or secondary
immunodeficiency (no leukopenia with neutropenia, no serum
low levels of y-globulins, normal subsets of both T and B
cells); iv) no signs of malnutrition; v) no treatment with
glucocorticoid or antibiotic drugs at both the baseline visit and
at least 2 wk before the admission to this study; and vi) neither
history of asthma nor allergic disorders before entering this
study. For the purpose of the current study, the patients were
arbitrarily divided into two groups according to the number of
episodes of URTI per year. Group | included 44 children (26
males, 18 females) of age ranging from 2 to 6 y (mean 3.40 =
1.31) who suffered from at least nine episodes of recurrent
URTI per year (FRRI). Group 2 included 34 children (14
males, 20 females) of age ranging from 2 to 6 y (mean 3.53 *
1.35) who had experienced fewer than nine episodes of URTI
per year.

History of recurrent URTI was obtained directly from each
child’s parent(s), who recorded in a diary the number and the
clinical characteristics of every episode of URTIL.

Moreover, they were studied during the acute phase of
infections (T,), and the monitoring was performed at 6 (T,) and
12 (T,) mo, respectively. Acute phase was considered to be
from d 1 to d 3 after the onset of symptoms; during the acute
phase, children were only under antipyretic treatment. During
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the follow-up period, no symptom of infection was present.
Routine laboratory tests, including C-reactive protein, erythro-
cyte sedimentation rate, and leukocyte count, were performed
for each patient. Samples of blood and cultures from nasal,
pharyngeal, and ear secretions to detect virus infections or
exclude bacterial infections were obtained from the children
during the visits. During these patient-initiated visits, patient
history was obtained and a physical examination was per-
formed. A control group consisted of 15 healthy children (9
boys, 6 girls), whose ages ranged from 2 to 5.5 y (mean 3.2 =
1.1), and who were free from manifest allergic diseases, im-
mune and hematological disorders and hospitalized in the
Pediatric Orthopedics Department.

Blood sample collection. Venous blood samples were col-
lected from all patients with URTI and from normal controls in
two sterile tubes: one with EDTA for the assay of lymphocyte
subpopulations, for the determination of the soluble adhesion
molecules and for cytokine assays; and another without anti-
coagulants for the determination of immunoglobulins.

Plasma was immediately separated by centrifugation at 400
X g for 15 min at 4°C and divided in aliquots. An aliquot was
immediately used for lymphocyte subpopulation assay. The
remaining aliquots were stored at —80°C and used for the
soluble adhesion molecules and cytokine assays. For each
subject, samples were collected at baseline (T,) and at 6 (T,)
and 12 (T,) mo after the monitoring.

Quantitation of Ig. Ig and IgG subclasses were quantified by
a nephelometric method (Beckman nephelometer, Beckman-
Coulter, Fullerton, CA, U.S.A.).

Lymphocyte subpopulations. The relative sizes of T-cell
(CD;", CD,*, CDg") and HLA-DR in activated CD;" and
B-cell populations (CD,, ", CDs ", CD,,") were analyzed with
MAD (BD Biosciences, San Jose, CA, U.S.A.) by cytofluorim-
etry (FacScan, BD Biosciences).

Soluble adhesion molecules and cytokines assays. sL-
selectin, sE-selectin, sP-selectin, SICAM-1, and sVCAM-1 and
all cytokine (IFN-vy, IL-12, IL-4, and IL-10) levels were de-
termined by a sandwich ELISA technique. Commercially
available kits from Bender MedSystems (Vienna, Austria)
were used for soluble adhesion molecules, and kits from R&D
Systems (Minneapolis, MN, U.S.A.) were used for IFN-vy,
IL-12, IL-4, and IL-10. Procedures were performed according
to the manufacturer’s instructions. All measurements were
performed in triplicate. The sensitivity limits were as follows:
sE-selectin, 6.5 ng/mL; sL-selectin, 0.3 ng/mL; sP-selectin, 1.3
ng/mL; SICAM-1, 0.5 ng/mL; sVCAM-1, 0.9 ng/mL; [FN-v, 8
pg/mL; IL-12, 5 pg/mL; IL-4, 10 pg/mL; and IL-10, 3.9
pg/mL.

Cell culture isolation. Cultures were obtained from nasal,
pharyngeal, and ear secretions from all patients. Two samples
from the nasal secretion—one from each nostril, one from the
pharyngeal—-and from ear secretions were taken. A sterile nylon
brush was placed on the nasal, pharyngeal mucosa and in the
external acoustic meatus, and removed gently without anesthe-
sia. Every brush was immediately placed in a closed container
that contained viral transport medium, placed on ice, and sent
immediately to the laboratory where every medium with sus-
pended cells was centrifuged for 15 min and inoculated in four
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cell lines (American Type Culture Collection, Manassas, VA,
U.S.A)) in tube cultures while remaining aliquot was frozen at
—70°C until tested by PCR human lung carcinoma cells
(A549), HeLa Ohio cells, Madin-Darby kidney cells, and
LLC-MK2 cells, and for adenovirus, rhinovirus, influenza
virus, and parainfluenza viruses 1, 2 and 3 cell cultures and
virus cytopathic effects were performed as described by Bil-
laud et al. (15).

Detection of viruses by PCR. PCR reaction was performed
for adenovirus, rhinovirus, influenza virus, and parainfluenza
viruses 1, 2, and 3 using validated techniques. Briefly, DNA
and RNA extraction was performed on 0.1 mL of cell suspen-
sion using the QIAamp blood and viral DNA/RNA kit (QIA-
GEN GmbH, Hilden, Germany), according to the manufactur-
er’s instructions. In particular, for the adenovirus an aliquot of
DNA was prepared according to the method suggested by
Marin et al. (16). For rhinovirus, the aliquots of RNA samples
were reversed in two cDNA according to the method of
Steininger et al. (17). For the detection of influenza A virus, we
used the methods of Steininger ef al. (18). For the influenza B
virus, a rapid single-step RT-PCR assay was carried out ac-
cording to the method of Daum ef al. (19). For the detection of
parainfluenza viruses 1, 2, and 3, we used the method described
by Corne et al. (20). All RT-PCR and PCR were performed
using a PE 9700 thermocycler (PerkinElmer Life Science,
Boston, MA, U.S.A.). Amplified products (5 nL) after PCR
(adenovirus) and RT-PCR (rhinovirus, virus influenza A and B,
parainfluenza viruses 1, 2, and 3) were separated by electro-
phoresis and visualized under UV using ethidium bromide—
treated (1 ug/10 mL) 2.0% agarose gels.

Statistical analysis. Statistical analysis was performed with
the SPSS version 6.1 software package (SPSS Inc., Chicago,
IL, U.S.A.). Differences in levels of circulating adhesion mol-
ecules and cytokines between normal controls and patients,
with and without recurrent URTI, were tested for significance
using a Mann-Whitney U test. Data analyzed within subjects
were analyzed using two-way ANOVA. Correlations between
variables were analyzed using Spearman’s rank-order correla-
tion coefficient. Each result was calculated as a mean = SEM.
p Values < 0.05 were considered statistically significant.

RESULTS

Children and URTI. The demographic and clinical data of
the children studied are shown in Table 1. There were no

Table 1. Patient’s baseline characteristics

Controls Without FRRI FRRI

Evaluable patients (1) 15 34 44
Sex (M/F) 9/6 14/20 25/19
Age mean (range) 32+ 1.11 34 = 1.31 3.5+ 1.29
Incidence of fever (>38°)

Baseline — 34 44

After 6 mo — 0 0

After 12 mo — 0 0
Respiratory infections

Pharyngitis — 12 15

Laryngitis — 15 20

Otitis — 7 9
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significant differences in the age and sex between the children
with or without FRRI. The distribution of pathogens is shown
in Table 2. Rhinovirus, influenza A virus, and adenovirus were
detected most often in patients with URTI. The greatest inci-
dence of URTI was caused by influenza A epidemics, which
occurred in late winter, and adenovirus, which occurred
throughout the year.

Quantitation of Ig and lymphocyte subpopulations. Figure
1 shows IgG, IgM, IgA, and IgE serum levels (Fig. 14) and
IgG subclasses (Fig. 1B) in normal controls and in children
with and without frequently recurrent URTI. Significantly
higher total IgG were found in both group 1 patients compared
with normal controls (p = 0.0001) and in group 2 patients
compared with normal controls (p = 0.001). In contrast, other
classes of Ig, including IgE at Ty, T,, and T,, in both groups,

Table 2. Viruses analysis in nasal, pharyngeal, and ear secretion
cultures from children with URTI

Patients (n = 78)

Nasal, pharyngeal, and ear cultures

14 Rhinovirus
25 Adenovirus*
27 Influenza A virus
8 Influenza B virus
4 Parainfluenza viruses 1, 2, and 3

Results of cultures were confirmed by * PCR and RT-PCR analysis as
described in “Methods.”
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Figure 1. Serum Ig (4) and IgG subclasses (B) in normal controls (CON)
and in patients with and without FRRI. The values are expressed as means
+ SEM.
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did not show statistically significant differences when com-
pared with each other and to normal controls (data not shown).
Moreover, plasma levels of IgG, isotype antibodies were
higher in patients with FRRI (group 1) compared with patients
without recurrence (group 2) and normal controls (p =
0.0001), whereas the 1gG, isotype response was slightly de-
creased, suggesting a predominance of the Th-2-type response.
In contrast, patients in group 2 showed an opposite trend.
Plasma levels of IgG, isotype antibodies were higher in pa-
tients without recurrence compared with patients with FRRI
and normal controls (p = 0.0001), whereas the IgG, isotype
response was statistically decreased (»p = 0.0001), suggesting a
predominance of the Thl-type response. Normal levels of IgG;
and IgG, isotype antibodies were found in all groups of
subjects. During the follow-up period, the IgG total and sub-
classes of IgG, and IgG, isotype antibodies returned to normal
levels in all groups (data not shown).

Lymphocyte subpopulations, in all patients and in normal
controls, were of normal size and there were no statistically
significant differences (data not shown).

Plasma sL-selectin, sE-selectin, and sP-selectin levels. The
mean values of plasma levels of sL-, sE-, and sP-selectins from
normal controls and from children with and without FRRI,
during the acute phase of infection (T,) and 6 mo (T,) and 12
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mo later (T,) are shown in Figure 2. At T,, sL-selectin (Fig.
24), sE-selectin (Fig. 2B), and sP-selectin (Fig. 2C) in children
with FRRI were significantly higher than in normal controls (p
= 0.0001) and persisted at elevated levels at both T, and T,,
with a p value ranging from 0.001 to 0.0001. Although selectin
plasma levels decreased slightly during the follow-up, the
difference did not reach statistical significance.

At T,, plasma levels of sL-, sE- and sP-selectins in patients
without recurrence were significantly higher than in normal
controls (»p = 0.019, p = 0.003, and, p = 0.002, respectively).
These values, during the monitoring, decreased, reaching nor-
mal levels. In each group, statistically significant differences
were found in the soluble selectins at T, T,, and T, (p =
0.0001).

The comparison between both study groups demonstrated
higher release of selectins in children with FRRI (group 1) than
in group 2, at Ty, T, and T,, with a p value ranging from 0.017
to 0.0001.

Plasma levels of sSICAM-1 and sVCAM-1. Figure 3 shows
plasma levels of sSICAM-1 (Fig. 34) and sVCAM-1 (Fig. 3B)
in children with and without FRRI and in normal controls.
Plasma levels of sSICAM-1 and sVCAM-1 were very high in
patients with FRRI at T, when compared with normal controls
(» = 0.0001); at T, and T,, they decreased but remained
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Figure 2. Circulating plasma levels of sL-selectin (4), sE-selectin (B), and sP-selectin (C) in normal controls (CON) and in patients with and withoutFRRI)
at acute phases (T,), at 6 mo (T,), and at 12 mo (T,) when clinical symptoms of infection were resolved. The values are expressed as means *= SEM.
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elevated without reaching normal values (SICAM-1: p =
0.0001, and, s-VCAM-1: p = 0.001). The comparison among
Ty, T,, and T, of plasmatic levels in patients with FRRI did not
show significant differences.

At T, in the group without recurrence, sSICAM-1 and sV-
CAM-1 levels were significantly higher when compared with
normal controls (p < 0.0001 and p < 0.038, respectively) and
decreased, reaching normal values during the follow-up. The
comparison of plasma levels at Ty, T,, and T, in the same
group, showed statistically significant differences (p =
0.0001).

When patients at T,, T,, and T, in both groups were
compared, in the group of patients with FRRI we found
significantly higher plasma levels of adhesion molecules than
in those without recurrence (p = 0.0001).

Plasma IFN-vy, IL-12, IL-4, and IL-10 levels. Figure 4
shows plasma levels of IFN-vy (Fig. 44), IL-12 (Fig. 4B), IL-4
(Fig. 40), and IL-10 (Fig. 4D) in patients with and without
FRRI and in normal controls. At T,, T,, and T,, plasma levels
of IFN-vy and IL-12 in patients with FRRI were slightly lower
than in normal controls and no statistically significant differ-
ences were observed. No difference was found in the same
group at T,, T,, and T,. By contrast, at T, T,, and T,, the
release of IL-4 and IL-10 increased significantly when com-
pared with normal controls (» = 0.0001). No difference, for
these cytokines, was found in the same group at Ty, T, and T,

In patients without recurrence, cytokine profile had a dia-
metrically opposed trend; at T,, plasma levels of both IFN-y
and IL-12 were significantly higher than in normal controls (p
= 0.0001). During the follow-up, these values returned to
normal values. Moreover, at T, and T,, cytokine levels were
significantly lower (p = 0.0001) when compared with T,
values. At Ty, T,, and T,, plasma levels of both IL-4 and IL-10
were similar to controls. No differences, for these cytokines,
were found in the same group at T, T,, and T,.

At T,, T,, and T,, the comparison between both groups
revealed that in patients with FRRI there were increased levels
of IL-4 and IL-10 (p = 0.0001) and decreased levels of IFN-y
and IL-12 at T, (p = 0.0001). During the follow-up, the levels
of both IFN-y and IL-12 persisted at low levels and no
statistically significant differences were found in both groups.

Relationship between plasma soluble CAM and cytokines.
Table 3 shows correlations between soluble adhesion mole-
cules and cytokines in children with FRRI. No correlations
were found between plasma levels of IFN-vy, IL-12, and IL-10
and those of soluble adhesion molecules (sSCAM), whereas
plasma levels of IL-4 demonstrated statistically significant
correlations with those of both sP-selectin and sVCAM-1.
No statistically significant correlations were present among
IL-4 plasma levels and those of sL-selectin, sE-selectin, and
sICAM. The correlations among the various sCAM indi-
cated that sE-selectin levels showed a significant correlation
with SICAM-1 and sP-selectin with sVCAM-1. No correla-
tions were found betwee the various soluble selectins,
whereas significant correlations were found between plasma
levels of both sSICAM-1 and sVCAM-1. The relationship
analysis among cytokines of Th-1/Th-2 response showed
that IFN-vy and IL-12 correlated positively each other (r =

MALAPONTE ET AL.

H without FRRI
[FRRI

1000
900
800
700
600
500

400

sICAM-1 ng/ml

300

—l=

200

100

CON T0

1800

1600

1400

1200

1000

sVCAM-1 ng/ml
B (=2 =]
o o o
o o o

[N
o
=3

CON T0 T T2

Figure 3. Circulating plasma levels of SICAM-1 (4) and sVCAM-1 (B) in
normal controls (CON) and in patients with and without FRRI at acute phases
(T,), at 6 mo (T,), and at 12 mo (T,) when clinical symptoms of infection were
resolved. The values are expressed as means = SEM.

0.41, p = 0.006), whereas a negative correlation was found
between IFN-vy and IL-4 (» = —0.47, p = 0.001). No
correlations were present between IL-4 versus IL-12 or
IL-10 plasma levels. A positive correlation was shown
between IFN-y and IL-12 versus IL-10 (r = 042, p =
0.005; » = 0.40, p = 0.007, respectively).

DISCUSSION

In this study, we examined whether soluble adhesion mole-
cules, Th-1/Th-2 cytokines, and anomalies in the immune
response to viral infections are associated with the recurrence
of URTI. We showed, for the first time, important differences
in mediator profile between the patients with and without FRRI
in the monitoring phase of URTI. Our results showed that in
children with or without FRRI, during the acute phase of
infections, circulating sL-, sE-, and sP-selectins and plasma
levels of SICAM-1 and sVCAM-1 were elevated when com-
pared with those of normal controls. These plasma levels were
higher in patients with FRRI when compared with patients
without recurrence, and these values persisted at significant
high levels during the follow-up, when clinical symptoms had
already resolved; in patients without recurrence, they tended to
be similar to normal controls. These results suggest that raised
levels of sCAM, induced by viruses, could exacerbate and
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Figure 4. Circulating plasma levels of IFN-vy (4), IL-12 (B), IL-4 (C), and IL-10 (D) in normal controls (CON) and in patients with and without FRRI at acute
phases (T,), at 6 mo (T,), and at 12 mo (T,) when clinical symptoms of infection were resolved. The values are expressed as means = SEM.

Table 3. Correlation among plasma levels of soluble adhesion molecules (sCAM), cytokines, and absolute leucocytes number in children
suffering URTI

sL-selectin sE-selectin sP-selectin SICAM-1 sVCAM-1

(r values) (r values) (r values) (r values) (r values)
IFN-y —0.12 NS —0.20 NS —0.15NS 0.13 NS 0.02 NS
IL-12 0.12 NS —0.12 NS —0.21 NS 0.07 NS 0.14 NS
IL-4 0.20 NS 0.21 NS 0.48 (<0.0001) —0.13 NS 0.60 (<0.0001)
IL-10 0.16 NS 0.16 NS 0.19 NS 0.25 NS 0.22 NS
sL-selectin — 0.03 NS 0.02 NS 0.03 NS 0.04 NS
sE-selectin 0.03 NS — 0.15NS 0.53 (<0.0001) 0.24 NS
sP-selectin 0.02 NS 0.15NS — 0.20 NS 0.36 (<0.001)
SICAM-1 0.03 NS 0.53 (<0.0001) 0.20 NS — 0.62 (<0.0001)
sVCAM-1 0.04 NS 0.24 NS 0.36 (<0.001) 0.62 (<0.0001) —
Leucocytes number —0.19 NS —0.22 NS —0.57 NS —0.46 NS 0.49 NS

Plasma samples of 44 patients were analyzed in the various phases of infection: acute phases (n = 44) and during the follow-up when clinical symptoms of
infection were resolved. Significance (P value) is indicated in parentheses.

prolong viral infection in children with recurrent URTIL. It has  without replication of a complete virus (21). Moreover, viral
been demonstrated that some viruses (ie adenovirus) may proteins, present in the airway epithelial cells, are known to
persist in a latent form in which viral proteins are produced regulate the expression of many genes by interacting with
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cellular transcription factors, enhancing the production of in-
flammatory mediators, as ICAM-1 activating ICAM-1-
promoter activity (22, 23). sCAM in our patients may be
produced as a consequence of recurrent inflammation (a “by-
stander” effect), supported by a latent form of viruses and
competing with cell surface forms for ligands, and may regu-
late the inflammatory response.

Plasma levels of sL-, sP-, and sE-selectin in patients with
FRRI were also significantly more elevated than in those
without frequent recurrence of URTI and in normal controls; a
significant positive correlation was found between sE-selectin
and sICAM-1 and between sP-selectin and sVCAM-1; no
correlation with other adhesion molecules was found for sL-
selectin. No modification in the leukocyte count was found,
suggesting that the elevated values of SCAM reflect neither an
increase in the leukocytes population nor in its subsets. In
parallel to sCAM, we analyzed Th-1-type (IL-12 and IFN-vy)
and Th-2-type (IL-4 and IL-10) cytokines. Our results show
that the virus-infected children with FRRI exhibit increased
levels of IL-4 and IL-10 and decreased release of IFN-y and
IL-12.

Our in vivo observations indicate that the increased plasma
levels of IL-4 and IL-10 induce a skewing into Th-2-type
response and inhibit the differentiation into Th-1-type. These
results are in agreement with previous reports of other authors
in children affected by atopic airway diseases (24, 25). In
addition, the increased IL-10 release down-regulates IFN-vy
and IL-12 production, inducing an immunologic unresponsive-
ness in children with FRRI. This could, in part, contribute to
the frequent recurrence of URTI. On the other hand, IL-10
production was found to be associated in infants with increased
risk of development of recurrent wheezing (26, 27). Although
several studies have demonstrated that reduced IFN-vy levels
are a marker for higher risk of allergy (28), our patients did not
show allergic symptoms despite of the reduced IFN-vy levels.

More importantly, our results, in patients with FRRI, show a
direct correlation between plasma levels of IL-4 and both
sP-selectin and sVCAM-1; no correlations were found with
sICAM-1 and sE-selectin. IL-4 is known to increase VCAM-1
protein levels by stabilization of VCAM-1 mRNA, and to
inhibit ICAM-1 and E-selectin (29). The patients with FRRI
showed elevated concentration of IgG caused by a sharp
subclass increase in IgG,, whereas the IgG, were lower in 29
out of 44 (~66%) children. Reduced plasma levels of IFN-y
and IgG, antibodies during the acute phase of the virus infec-
tion are consistent with the down-regulation of Th-1-type
immunoresponse. On the other hand, the IL-12 reduction cor-
related well with the decreased levels of IFN-vy. IL-12 plays an
important role in driving the immune response toward a Th-1
direction, which, together with IFN-vy, counteracts Th-2 activity in
vivo (30). Furthermore, this reduced release of virus-induced
IFN-v, observed in children with FRRI, is in agreement with
previous studies (31). As suggested by Pascual et al. (32), atten-
uated production of IFN-y seems to be related with loss of
cytolytic T lymphocyte activity, and is in accordance with the
recurrence of URTI in our patients. In addition, the decreased
release could be secondary to a depressed monocyte function and
could be responsible for a decrease in the IL-12 and IFN-vy plasma
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levels. This depressed monocyte function could be attributed to a
chronic activation induced by recurrent viral infection with con-
sequent exhaustion of these cells.

In this study, children suffering from FRRI present not only
elevated soluble adhesion molecule levels but also a skewing
of the Th-1-type response toward a Th-2-type, characterized by
an increased IL-4 and IL-10 release, triggering IFN-y down-
regulation and impairing host defenses against viral challenge.
The resulting plasma levels of IL-4 and IL-10, showed in
children with FRRI, may explain, at least in part, the deviation
from a typical antiviral Th-1 response, as well as a debilitating
inflammatory response rather than cell-mediated viral immu-
nity. On the other hand, IL-4 causes the isotype switch to IgG,
and a marked delay in viral clearance (33). Therefore, although
Th2-predominant T-cell response observed in children with
FRRI is responsible for inflammatory microenvironment, the
absence of IFN-+y alone is not sufficient to alter the response to
viruses infection.

CONCLUSION

We postulate that higher plasma levels of soluble adhesion
molecules in children affected by FRRI, even after recovery,
might be due to a persistent exposure of endothelial cells to a
remaining inflammatory microenvironment. Moreover, the cy-
tokine profile of these patients could give rise to a potentially
higher susceptibility to infection, and an incomplete maturity
of their immune system might contribute to the disease recur-
rence. However, it is important to consider the complexity of
the adhesion molecule expression and the multiplicity of fac-
tors able to influence the immune response balance (34, 35). In
conclusion, despite numerous studies of the risk factors of
URTI, little is known about the factors that could predict
susceptibility to URTI. The biologic significance of these
findings remains to be fully understood and further investiga-
tions and long-term follow-up studies are necessary.
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