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Abstract

Background: The possible cause of recurrent upper respiratory tract
infections (URTI) in pediatric patients has not been determined. Regulatory T
cells have a key role in the modulation of the immune response and
inflammation, and an abnormal number or function of these cells may impair the
immunocompetence. In this work, we decided to explore the possible
involvement of regulatory T cells in pediatric patients with recurrent URTI.

Methods: We studied twenty patients with a high (5-8/year), and
seventeen with a low (<d/year, control group) number of URTI. Their age
ranged from 16 to 36 months at the time of study, and all they were otherwise
healthy, with no evidence of immunodeficiency. Peripheral blood was obtained,
and the absolute number and percent of different T regulatory cells subsets
were determined by immunofluorescence and flow cytometry.

Results: The levels (absolute number) of different subsets of induced
regulatory T cells (Tr1, Tri-like, and Th3 cells) were higher in the group of
patients with a high number of URTI compared to control group (p < 0.05). In
addition, there was a significant positive correlation between the levels of Tr1,
Tr1-like, and Th3 cells and the number of episodes of URTI (r = 0.48, 0.61, and
0.62, respectively, p < 0.05 in all cases). In contrast, the levels of CD4+Foxp3+
natural T regulatory cells, and CD8+ T suppressor lymphocytes were similar in
the two groups studied.

Conclusions: An enhanced level of different regulatory cells may have a
role in the increased risk for recurrent URTI in otherwise healthy infants.
Alternatively, it is also feasible that repeated episodes of URTI may induce an

increase in the levels induced regulatory T cells. It would be interesting to



further study the possible function of regulatory T cells in patients with recurrent

URTI.



Introduction

Upper respiratory tract infections (URTI) are the most common cause of
visits to pediatrician clinics.'. The etiology of most of these episodes is viral,
most of them are self-limited and are not associated significant morbidy and
mortality.>. However, these infections have a great importance because they
lead to parental anxiety and work absenteeism®. It has been established that
normal children may have up to four to five episodes of URTI per year and this
does not imply the presence of immunodeficiency. However, it is evident that
some otherwise healthy children have a higher frequency of URTI, with no
apparent cause, and that this condition spontaneously disappear. In an early
report, we found that apparently healthy children with a high frequency of URTI
exhibit increased levels of CD8+ lymphocytes®. However, no additional studies
on immunological parameters have been reported in this type of pediatric
patients.

Two main subpopulations of regulatory T cells has been described,
natural (or constitutive) and inducible (or adaptive) regulatory T lymphocytes,
which likely have complementary and overlapping functions in the control of
immune response®’. CD4+ CD25+ natural regulatory T cells were first
described by Sakaguchi et. al.®. These cells are generated in the thymus, during
the process of negative selection and comprise from 5 to 10% of peripheral

CD4+ T cells in healthy subjects®"’

. This natural regulatory T cells are
anergic'?, because they do not proliferate in response to antigenic stimulation in
vitro'®. These cells are able to inhibit the proliferation and the cytokine synthesis

by effector lymphocytes through direct cell-cell contact'®. Other subsets of

regulatory T cells are those characterized by the synthesis of IL-10 or TGF-B-



secreting regulatory T cells, which are known as Tr1/Tr1-like cells (CD4+ CD25-
IL-10+), and Th3 lymphocytes (CD4+ CD25- TGF-B+)'*'". Tr1 cells are
generated in the periphery, seem to be antigen-specific, and are derived from
conventional CD4+ CD25- naive precursor upon exposure to anfigen under
conditions of limiting costimulation, and in the presence of IL-10"'°. Th3 cells
were described initially by Weiner and co-workers'>'® as CD4+ T cells induced
by oral antigens in the mesenteric lymph nodes, which synthesize TGF-$ and
variable levels of IL-4 and IL-10™*"°.

Finally, there is another population of regulatory T cells, the suppressor
or Ts lymphocytes, which are CD8+, and do not bear the costimulatory
molecule CD28''® These regulatory cells mainly exert their effect through the
induction of tolerogenic dendritic cells'’.

The mechanisms used by the host to control infection include the
synthesis of pro-inflammatory cytokines and chemokines, the recruitment of
inflammatory cells to the site of infection, and activation of different leukocyte
subsets, including T and B lymphocytes and natural killer (NK) cells '*%. Al
these phenomena are under the control of different homeostatic mechanisms,
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including the T regulatory cells'™“". It has been suggested that the different

outcomes of infection may be strongly influenced by the ratio of regulatory T

cells to effector T lymphocytes'®?® .

This point is supported by a report by
Mendez S. et al., showing that the activity of regulatory T cells plays a critical
role in the reactivation of leishmaniasis at the primary site of disease induced by
superinfection?®. Thus, the equilibrium between effector and regulatory T cells

modulates the efficiency of recall immune responses and infection outcome %,

In addition, the critical role of T regulatory cells in disease progression has also




been described in parasitic and viral infections®>?2?”- All these data indicate
that although T regulatory cells exert an important homeostatic role in the
control of both, the inflammatory response and the strength of the immune
response, an excessive function of these cells may favor the appearance of
infectious process. In this work, we have explored the status of different subsets

of T regulatory celis in pediatric patients with recurrent URTI, with no evidence

of immunodeficiency.



Materials and Methods.

Patients. All subjects included in this study were outpatients evaluated
between January and December 2005. They were divided in two groups,
according to the number of URTI during the previous year: patients with
recurrent URTI, and controls. The inclusion criteria for the first group were: five
to eight episodes of URTI in the last year, age between 16 and 36 months,
normal weight and height, and no clinical evidence of immunodeficiency. In this
group were included 20 patients, 10 female and 10 male. Patients with history
of lower respiratory tract infections were excluded. The inclusion criteria for the
control group were as follows: Four or less episodes of URTI during the
previous year, age between 16 and 36 months and weight and height in normal
parameters. Seventeen patients were included in this group, 9 female and 8
male. It is worth mentioning that the serum immunoglobulin levels fall into
normal values in all cases in both groups, and that these levels were similar in
children with recurrent URTI and controls (data not shown). A written informed
consent was obtained from the parents of all patients before entry into the
study. The Bioethical Committee of the Hospital Central Dr. Ignacio Morones
Prieto approved this study.

Antibodies and Reagents. The following monoclonal antibodies (mAbs)
were used: PerCyP labeled anti-human CD4, FITC tagged anti-human CD25,
PE labeled anti-human CD152 (CTLA-4) and CD28, anti-human TGF-3 biotin
and PE-streptavidin. Isotype-matched controls were purchased from
PharMingen (San Diego, CA). The percent of CD4+ lymphocytes synthesizing
IL-10 was determined by using the appropriate commercial kit (Miltenyi),

following the instructions of the manufacturer. In this assay, cells were first



incubated with a catch reagent (a bi-specific dimeric antibody) that binds to a
cell surface antigen of leukocytes and that is also able to react with the IL-10
secreted by the cell. Then, cells were incubated for 60 min at 37 °C, washed
and labeled with FITC-, and PE-tagged anti-CD4 and anti-IL-10 mAbs. Finally,
double positive cells were detected with a FACSCalibur flow cytometer, and
results were expressed as the percent of Tr1 lymphocytes.

Isolation of mononuclear cells (MNC). MNC were separated from
peripheral venous blood by density gradient centrifugation with Histopaque-
1077 (Sigma-Aldrich). Briefly, peripheral venous blood was diluted 1:2 with
phosphate-buffered saline (PBS), carefully loaded onto Histopaque-1077, and
centrifuged at 2500 rpm for 20 minutes at room temperature. Then, MNC were
obtained, and washed two times with PBS. Cell viability was always greater
than 98%, as determined by tripan blue dye exclusion.

Immunofluorescence and flow cytometry analysis. MNC
immunostained with the indicated antibodies were washed and fixed. To
quantify natural regulatory T cells, a double staining procedure using an FITC
anti-CD25 and a PerCyP anti-CD4 mAb was performed. Ts cells were detected
by using an FITC anti-CD8 and a PE anti-CD28 mAb, whereas Tr1/Tr1-like
cells were identified by labeling with a combination of a PerCyP anti-CD4 mAb,
and the detection of IL-10 synthesis by using the proper kit (Miltenyi). Finally,
Th3 lymphocytes were analyzed with FITC anti-CD4, and TGF- (TGF-B-biotin
plus streptavidin-PE). Analysis of different cell subsets was performed with a
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA) using the
CellQuest software (Becton Dickinson). Results were expressed as the absolute

number of positive cells/ul.




Statistical analysis. The differences in percentages an absolute numbers
of regulatory T cells were analyzed by using the student’'s T test (parametric
analysis) or the Mann-Whitney U test (non parametric analysis). Correlation
between two variables was determined by using the Spearman sum rank test.

Differences were considered significant when the p value was less than 0.05.



Results

Number of CD8+ lymphocytes is increased in patients with
recurrent URTIL. It is well known that the levels of blood lymphocytes are
increased in different infectious diseases, including viral infections. Accordingly,
we found an enhanced level of CD8+ T lymphocytes in the peripheral blood of
patients with recurrent URTI compared with control group (p<0.05, Fig. 1A, and
C). In contrast, no significant differences were found in the case of CD4+ T
lymphocytes in both groups studied (p>0.05, Fig, 1B, and D).

Natural T regulatory cells in patients with recurrent URTI. Natural T
regulatory cells have been studied in different conditions, including tuberculosis,
infection by Epstein-Barr virus, and some parasitic diseases. Our results
showed that patients with recurrent URTI had similar levels of CD4+CD25"""
natural regulatory cells than control individuals (p>0.05, Fig. 2). These results
were confirmed by flow cytometry analysis of the expression of the transcription
factor Foxp3 by CD4+ T cells (data not shown).

Adaptive regulatory T cells are increased in patients with recurrent
URTI. Whereas natural regulatory cells mainly recognize self-antigens, the
immune repertoire of adaptive T regulatory cells is mainly directed against
exogenous antigens, including those of infectious agents'®. We have found
enhanced levels of CD4+CD25- lymphocytes that synthesize IL-10, which
mainly correspond to Tr1/Tr1-like cells (p<0.05, Fig. 3A). Likewise, we found a
higher number of CD4+CD25- cells that synthesize TGF-f, which correspond to
Th3 lymphocytes (p<0.05, Fig. 3B). In contrast, no significant differences were

found in the case of suppressor T (CD8+CD28-) celis (p>0.05, Fig. 3C, and D),



although patients with recurrent URTI tended to exhibit higher values than
controls.

Correlation between the number and the episodes of URTI and
levels of regulatory T cells. We then determined the possible correlation
between the levels of the different regulatory T cell subsets and the number of
episodes of URTI. In this analysis were included both the patients with recurrent
URTI, and the control infants, which according to inclusion criteria, had four or
less episodes of URTI in the last twelve months. As shown in Fig. 4A, no
significant correlation was found between the levels of natural regulatory T cells
and the number of URTI (r=0.17, p>0.05). In contrast, the levels of adaptive
regulatory T lymphocytes, both, Tr1/Tr1-like cells, and Th3 cells, showed a
significant positive correlation with the number of URTI (r=0.48, p<0.05, and

r=0.62, p<0.01, respectively, Fig. 4B and C).



Discussion

Regulatory T cells play a key role in immune homeostasis. The
involvement of these cells in the pathogenesis of different autoimmune and
infectious diseases has been clearly demonstrated '%?% In the case of infectious
disease, it is evident the importance of a delicate balance between the
generation of an effective immune response (that ensures the elimination of the
infectious agent) and the avoidance of tissue damage by the effector
mechanisms of immune cells. In this regard, it has been shown the importance
of regulatory T cells in the tissue damage seen in different models of infectious

disease'%?°

. On the other hand, it has been reported that an excessive
proportion and/or function of regulatory cells results in the abrogation of an
effective immune response, and a high risk for infection'®?'. In this regard, it
has been shown that regulatory T cells may prevent viral clearance, and that
the removal of CD4+CD25+ T lymphocytes can help to resolve infection
process'®?*. Based on these data, we have hypothesized that otherwise healthy
pediatric patients with recurrent URTI have increased levels of regulatory T
lymphocytes, which may generate an increased risk for infection. Our data show
that the levels of natural T regulatory cells are not significantly different in these
patients compared to control group. Since it has been shown that CD4+CD25+
natural regulatory T cells mainly recognize self-antigens, this is not an
unexpected finding. Thus, different data indicate that these cells appear to exert
a more relevant role in the control of self reactivity, and therefore in the
pathogenesis of autoimmune diseases. In this regard, we and others have

recently reported that patients with systemic lupus erythematosus have a

defective function of natural T regulatory celis, but normal levels of adaptive



regulatory lymphocytes?®. We have also found a similar defect in patients with
rheumatoid arthritis, and autoimmune thyroid disease?*.

In this work, we have found enhanced levels of the different adaptive
regulatory T cell subsets in patients with recurrent URTI. These findings
suggest that these enhanced levels might be causally associated with an
increased risk for URTI. However, although this is a commendable possibility, it
is also feasible that repeated episodes of URTI can induce an increase in the
levels of adaptive regulatory T cells. In this regard, it has been recently reported
that, in an animal model, the stimulation of through Toll-like receptors
(specifically TLR4) favors the induction of IL-10-producing Tr1 lymphocytes®'. It
is of interest that these two possibilities are not mutually excluding, and it is
feasible that some of these patients have basal enhanced levels of regulatory T
cells, and that repeated URTI further enhance these levels, through the
mechanism described above. In any case, we can conclude that, irrespective of
the mechanism involved, there is a significant association between the levels of
adaptive T regulatory cells in peripheral blood and the number of URTI. To
further explore this association, it would be interesting to make a follow-up of
these patients, performing repeated measurements of adaptive regulatory T
cells, and a careful monitoring of URTI. In addition, it would be important to
assess the inhibitory function of these cells through functional assays (i.e.,
inhibition of cell proliferation). However, the number of cells (and thus the
volume of blood) necessary for this type of assays renders difficult to perform it
in pediatric patients.

It is worth mentioning that all patients included in this study had normal

levels of serum immunoglobulins, and that they did not show, aside of recurrent



URTI, clinical manifestations of immunodeficiency. In this regard, it is possible
to speculate that enhanced levels of adaptive regulatory T cells may cause a
diminution in the immunocompetence, and that therefore, in theses cases,
these cells exert a undesirable effect. Fortunately, this condition seems to be
transient, since in most of these patients the enhanced risk for URTI disappear
when they grow up.

In summary, our data indicate that patients with recurrent URTI show
enhanced levels of adaptive regulatory T cells in their peripheral blood, and that
there is a significant relationship between these levels and the number of
infectious episodes. We can speculate that these data may suggest a causal

association between these two variables.
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Figure Legends

Fig. 1. Quantification of CD4+, and CD8+ T lymphocytes in patients with
recurrent URTI and controls. Peripheral blood samples were obtained from
patients with recurrent URTI (n=20), and controls group (n=17), and the number
of CD4+, and CD8+ T cells was determined by flow cytometry analysis, as
indicated in Materials and Methods. Representative histograms are shown in A),
and B), and the values of CD8+, and CD4+ T lymphocytes in C), and D). n.s.,
not significant.

Fig. 2. Quantification of natural regulatory T cells in patients with recurrent
URTI and controls. Peripheral blood samples were obtained from patients with
recurrent URTI (n=20), and healthy controls (n=17), and the number of CD4+,
CD25"™" T cells was determined by flow cytometry analysis, as indicated in
Materials and Methods. A representative histogram is shown in A), and the
values of natural regulatory T cells in B). n.s., not significant.

Fig. 3. Quantification of adaptive regulatory T cells in patients with recurrent
URT! and controls. Peripheral blood samples were obtained from patients with
recurrent URTI (n=20), and healthy controls (n=17), and the number of CD4+,
IL-10+ (Tr1/Tr1-like cells), CD4+, TGF-B+ (Th3 cells), and CD8+, CD28- (T
suppressor cells) was determined by flow cytometry analysis, as indicated in
Materials and Methods. Values of Tr1/Tr1-like cells, and Th3 lymphocytes are
shown in A), and B). A representative histogram, and values of T suppressor
cells are shown in C), and D), n.s., non-significant

Fig. 4. Correlation between the number of episodes of URTI, and levels of T
regulatory cells in children with recurrent URTI, and healthy controls. The levels

of regulatory T cells were determined in the peripheral blood from patients with

20



recurrent URTI (n=20), and healthy controls (n=17), as stated in Materials and
Methods, and the relationship between these values and the number of
episodes of URTI was determined. Values of Spearman correlation coefficient

(r), and their statistical significance (p), are shown.

21
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