
R
s
a
w

G
S

a

b

R

I

A
o

Human Immunology (2008) 69, 409–413

0
d

elationship between soluble HLA-G and HLA-A,-B,-C
erum levels, and interferon-� production
fter sublingual immunotherapy in patients
ith allergic rhinitis

iorgio Ciprandia,*, Paola Continia, Daniela Fenoglioa, Maria Pia Sormanib,
imone Negrinia, Francesco Puppoa, Francesco Indiveria

Department of Internal Medicine, University of Genoa, Genoa, Italy
Unit of Biostatistics, Department of Health Sciences, University of Genoa, Genoa, Italy
eceived 8 May 2008; received in revised form 22 May 2008; accepted 27 May 2008
Summary Allergic rhinitis (AR) is characterized by a T-helper (Th)–2 (Th2) polarized immune
response. Soluble human leukocyte antigen (sHLA) molecules play an immunomodulatory role.
Specific immunotherapy is the only causal treatment for AR and is able to shift the immune
response to Th1 polarization. The aim of this study was to evaluate the relationship between
sHLA-G and sHLA-A,-B,-C serum levels and interferon-� (IFN-�) production in AR patients with
pollen allergy before and after a preseasonal course of sublingual immunotherapy (SLIT). A total
of 40 AR patients with pollen allergy were enrolled and given a course of preseasonal SLIT for 3
months. Serum sHLA-G and sHLA-A,-B,-C levels were determined by enzyme-linked immunoab-
sorbent assay, and cell production of IFN-� was evaluated by enzyme-linked immunoabsorbent
spot assay at baseline and 3 months after the end of the SLIT course. There was a significant
relationship between sHLA-G serum level change and IFN-� increase as well as between sHLA-
A,-B,-C level change and IFN-� increase after SLIT. The present study provides the first published
evidence that the reduction of sHLA molecules serum levels and the increased IFN-� production
after SLIT in AR patients with pollen allergy are significantly related phenomena.
© 2008 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc.
All rights reserved.
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llergic rhinitis (AR) is sustained by a mucosal inflammation,
rchestrated by T-helper (Th)–2 cells [1]. Th2 cells play an
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mportant role in the pathogenesis of AR, as interleukin
IL)–4 promotes isotype switching to immunoglobulin-E (IgE)
ynthesis, whereas IL-5 promotes, mostly in the nasal mu-
osa, eosinophil accumulation, and activation. This inflam-
atory reaction displays a predominant production of Th2-
ependent cytokines over interferon-� (IFN-�) expression by

h1, the so-called Th2 polarization [1]. In addition, regula-

lity and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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ory T cells (Tregs) play an important role in controlling this
h2-based response, as a matter of fact allergic diseases are
resently considered immunoregulatory disorders [2]. In
his regard, interest in HLA-G antigens has been showed
y the possibility that they may be involved in inflamma-
ory diseases [3]. HLA-G is a human, nonclassical, major
istocompatibility complex molecule that is expressed in
uman-privileged sites and that plays an essential role in the
evelopment of maternal tolerance to genetically different
etal tissues [4]. Several HLA-G–mediated mechanisms have
een described. Most of them are immunosuppressive, how-
ver it has been reported that there is an induction of Th2-
ike cytokine profile through stimulation of IL-3, IL-4, and
L-10 secretion [5]. Numerous studies provided evidence
hat the serum level of the soluble form of HLA-G (sHLA-G) is
ncreased under different pathologic conditions, including
mmune-mediated disorders, transplantations, and malig-
ancies [6]. So far, however, only two studies have been
onducted in allergic patients. The first was conducted in
hildren and showed that atopic asthmatic individuals had
ignificantly higher sHLA-G levels than healthy controls [7].
he second provided evidence that patients with allergic
hinitis have higher sHLA-G serum levels than normal indi-
iduals [8]. Moreover it is known that classical HLA class I
olecules, which are characterized by a broad tissue ex-
ression and by a high degree of polymorphism, are found in
era of healthy individuals in soluble form (sHLA-A,-B,-C)
9]. The serum level of sHLA-A,-B,-C antigens may increase
n physiologic and pathologic conditions such as pregnancy,
cute rejection episodes after organ allografts, autoimmune
iseases, viral infections, tumors, and, as shown in recent
ears, allergic rhinitis [10,11]. sHLA-A,-B,-C molecules may
lay immunoregulatory roles such as inhibition of alloreac-
ive cytotoxic T-lymphocyte (CTL) activity, apoptosis of
D8� T lymphocytes and natural killer cells, and suppres-
ion of allogeneic mixed lymphocyte cultures [12,13].

Management of AR includes patient education, allergen
voidance, drug therapy, and, when appropriate, allergen-
pecific immunotherapy [14]. The rationale of sublingual im-
unotherapy (SLIT) is that oral administration of high-dose

llergens may reduce and prevent IgE responses achieving
linical tolerance of the causal allergen. SLIT efficacy has
een demonstrated in two meta-analyses on patients with
R [15,16]. However the exact SLIT mechanism of action is
ot completely understood [17]. Recently it has been shown
hat the appearance of allergen-specific tolerance induc-
ion, is evidenced by restored allergen-specific IL-10 and
FN-� production [18–20]. Very recently a preliminary study
howed that SLIT is able of reducing sHLA serum levels

ABBREVIATIONS

AR allergic rhinitis
HLA human leukocyte antigen
IFN-� interferon-�
sHLA soluble human leukocyte antigen
SLIT sublingual immunotherapy
T2 T-helper–2
manuscript submitted).Therefore the aim of the present u
tudy was to evaluate whether there is a possible relationship
etween IFN-� production and sHLA-G and sHLA-A,-B,-C se-
um levels, respectively, in AR patients after a preseasonal
LIT course.

ubjects and methods

atients

total of 40 patients (19 male and 21 female) with AR caused by
ollen allergy were included in the study; 17 of them were allergic
o Betula alba, 16 to Parietaria judaica, and seven to Graminacee.
heir mean age was 38.86 years (SD, 14.3 years). To be enrolled in
he study, patients were required to have AR caused by pollen
llergy. Patients using nasal or oral corticosteroids, antileukot-
ienes and antihistamines within the previous 4 weeks were ex-
luded. Patients with documented allergy to nonpollen allergens
ere excluded also.

According to validated criteria [21], to make a diagnosis of AR, a
istory of nasal symptoms during pollen season and positive results
pon skin prick test were considered as sufficient. The study was
onducted with the approval of the local Ethics Committee and the
ritten informed consent of all participants.

Patient’s blood samples for assessing sHLA-G and sHLA-A,-B,-C
erum levels and IFN-� production were collected before initiating
LIT (baseline), and 3 months after the end of the SLIT preseasonal
ourse that lasted 3 months.

pecific immunotherapy

ubjects undergoing SLIT received either a Betula alba pollen aller-
en extract (Anallergo, Florence, Italy; 17 cases, cumulative dose
0 �g), Parietaria judaica (15 cases, cumulative dose 12 �g), or a
ix of three Graminacee (seven cases, cumulative dose 12 �g) for at

east 3 months before the pollen season, as preseasonal immuno-
herapy. The dose during the maintenance phase was 5 drops three
imes per week.

mmunoassays

he sHLA-G molecules were determined by a commercially avail-
ble, recently validated [22], immunoenzymatic assay (EXBIO, Pra-
ue, Czech Republic) according to the manufacturer’s instructions;
esults were expressed as nanograms per milliliter. sHLA-A,-B,-C
olecules were determined by a double determinant immunoassay,
erformed as previously described [23] with minor modifications,
sing anti-HLA class I monoclonal antibody W6/32 and biotinylated
nti-�2-microglobulin monoclonal antibody NAMB-1. Results are also
xpressed as nanograms per milliliter.

numeration of IFN-�–specific producing cells by
ytokine enzyme-linked immunoabsorbent spot assay

eripheral blood mononuclear cells (PBMCs) were isolated from a
eparinized blood sample by Ficoll-paque (Lymphoflot, Biotest,
ermany) density gradient centrifugation. The PBMCs were washed
ith phosphate-buffered saline and resuspended in complete me-
ium (RPMI-1640 with 2 mmol/l L-glutamine, Invitrogen, Milan,
taly) with 10% autologous plasma at 2 � 106/ml. Enzyme-linked
mmunoabsorbent spot assay was performed in accordance withthe
anufacturer’s instructions. Briefly, polyvinylidene difluoride
lates (Diaclone, France) were coated overnight with IFN-� capture
Ab. After saturation with RPMI-10% fetal calf serum (Invitrogen),

00 �l of PBMC suspension was added as well. The cells were stim-

lated with 1 �g/ml phytohemagglutinin (Sigma Aldrich, Italy) as
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411Serum values after sublingual immunotherapy in patients with allergic rhinitis
ositive control, with allergen extracts used for SLIT for 20 hours at
7°C and 5% CO2 in humidified air. The allergen concentration of the
hole extract of birch, parietaria, and grasses, kindly provided by
nallergo (Florence, Italy) in the final volume of culture medium
ere respectively 2.5, 1, and 1 �g/ml, based on assessment in
reliminary experiments. After incubation, the plates were washed
ith phosphate-buffered saline–1% bovine serum albumin and incu-
ated with biotinylated detection antibody for 1.5 hours at room tem-
erature. After the washing, streptavidin–alkaline phosphatase conju-
ate was added for 1 hour at room temperature. Finally, BCIP/NBT was
istributed in wells. Enzyme linked immunoabsorbent spot assays were
et in duplicates, and detection of spots representing cytokine-
roducing cells was performed by bioreader (BIO-SYS, Germany).

tatistical analysis

alues at baseline and month 6 were compared using a Wilcoxon test
or paired data. The correlation between absolute changes (�) in
HLA-G and sHLA-A,-B,-C levels was made by the nonparametric
pearman’s correlation coefficient (r).

esults

oluble-HLA-G and sHLA-A,-B,-C serum levels significantly di-
inished after SLIT treatment: sHLA-G levels were 35.86 � 2.7
g/mL before and 11.36 � 1.6 ng/mL after SLIT and sHLA-A,
B,-C levels were 1309 � 73.3 ng/mL before and 695.3 � 33.2
g/mL after SLIT. The decrease of both molecules after SLIT
as statistically significant (p � 0.0001) as shown in Figure 1.

IFN-� production significantly increased from a mean of
4 � 68 spots to a mean of 181 � 89 spots after SLIT (p �
.0001), as shown in Figure 1.

As indicated in Figure 2, there was a significant relation-
hip between sHLA-G change and increase in IFN-� produc-
ion after a preseasonal SLIT course (r � �0.39, p � 0.023).

igure 1. Plots of values of sHLA-G (upper left panel), HLA-A
fter 6 months. Plots are based on the median, quartile, and ext

f individual patients’ values. Whiskers show highest and lowest val
hen sHLA-G serum levels tended to decrease, production
f IFN-� tended significantly to increase.

As evident in Figure 3, there was a significant relationship
etween sHLA-A,-B,-C change and increase of IFN-� produc-
ion after a preseasonal SLIT course (r � �0.38, p � 0.029).
hen sHLA-A,-B,-C serum levels trend to reduce, the pro-
uction of IFN-� significantly trend to increase.

iscussion

llergic rhinitis is characterized by a Th2-polarized inflamma-
ion. Th2-derived cytokines, such as IL-4 and IL-13, are the
ain pathogenic factors able to induce, maintain and amplify

he allergic inflammation. IL-4 and IL-13 orchestrate this in-

C (upper right panel), and IFN-� (lower panel) at baseline and
values. Box represents interquartile range, which contains 50%

igure 2. Correlation of difference between sHLA-G serum
evels at baseline and month 6 and number of spot changes after
LIT. Negative values represent decreases.
,-B,-
reme
ues.
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412 G. Ciprandi et al.
ammation by promoting IgE synthesis, by up-regulating adhe-
ion molecules selective for eosinophil recruitment, and by
ausing increased mucus production and hyper-reactivity of
he airways [24]. In addition, a defect of Tregs characterizes
llergic disorders, but this defect may be compensated for by
pecific immunotherapy [19]. In this regard, soluble HLA mol-
cules might play an important role in the SLIT-induced mech-
nisms of immune tolerance toward allergens.

A previous study reported that atopic children with
sthma have higher sHLA-G levels than normal controls [7].
nother study, conducted showed that individuals with al-
ergic rhinitis have higher sHLA-G and HLA-A,-B,-C serum
evels than normal subjects [8].

Allergen-specific immunotherapy (SIT) is highly effective
n the treatment of AR, and is the only treatment which
romotes life-long tolerance against previously disease-
ausing allergens, through the restoration of normal immu-
ity [25]. SLIT is the preferred version of SIT, with a safer
nd more effective route of administration, however, its
echanism of action is still poorly understood, as there are

ew data concerning the immunologic changes induced by
LIT [14]. Regarding the balance between Th1 and Th2 cells,
ome studies have shown a shift from Th2 toward a Th1
esponse [18,26]. Moreover a restored Treg function has been
eported after SLIT [18,19].

This study evaluated the possible relationship between
LIT effects on sHLA-G and sHLA-A,-B-C serum levels and
FN-� production in a group of patients with AR caused by
ollen allergy, both before and after a preseasonal course of
LIT.

Results show that the serum levels of both soluble HLA
olecules significantly decrease after SLIT and that the per-

entage changes of sHLA-G and sHLA-A,-B-C molecules are
ignificantly correlated with the increased IFN-� production.
hese findings are in agreement with a published paper re-
orting that atopic asthmatic children had significantly
igher sHLA-G levels than healthy controls [7], and also with
ery recent data indicating that sHLA-G and sHLA-A,-B-C
erum levels are increased in the serum of allergic patients
n comparison with normal individuals [27].

Moreover, these data suggest that soluble HLA molecules
ay exert an immunoregulatory effect on the induction of

igure 3. Correlation of the difference between sHLA-A,-B,-C
erum levels at month 6 and baseline and number of spot
hanges after SLIT. Negative values represent decreases.
llergen tolerance induced by SLIT. In in vitro experiments it
as been shown that elevated HLA-G concentrations induce
Th2-type profile, whereas low HLA-G concentrations re-

ulted in a Th1-type profile [28]. Therefore a reduction of
hese soluble molecules seems to be related to one of the
roposed mechanisms of action of SLIT and, in particular, to
ts capacity to shift immune response from Th2 toward a Th1
ytokine secretion profile. This phenomenon appears to con-
icting with data in the literature supporting a tolerogenic
ole for soluble HLA molecules. However the model of aller-
ic reaction is different from that in other immunopatho-
ogic disorders in that allergic disorders are characterized by
Th2-polarized immune response. This type of immune ori-
ntation is also present during pregnancy to protect the
etus from maternal rejection. Indeed, during pregnancy,
oluble HLA molecules levels tend to increase [29]. There-
ore it seems plausible that improvement in allergic patients
fter SLIT is characterized by reduction of sHLA molecules
nd that this phenomenon is related to a typical effect on
h2–Th1 balance such as the increase of IFN-� production as
onfirmed in this study.

In conclusion, the present study provides the first pub-
ished evidence that the reduction of sHLA molecules serum
evels and the increased IFN-� production after SLIT in AR
atients with pollen allergy are significantly related phe-
omena. These preliminary findings need to be confirmed by
urther studies.
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