
ABSTRACT

Although sublingual allergen-specific immunothe-

rapy has been proved to be effective in the treatment

of allergic diseases, controversy surrounds the me-

ans by which such a local therapy can induce syste-

mic immunological changes.

Adhesion molecules are critical in the regulation of

leukocyte traffic. It has been hypothesized that aller-

genic extract, administered locally, may induce an

up-regulation of the mucosal vessel vascular adhe-

sion molecules (CAMs) resulting in local recruitment

of circulating inflammatory cells. In the present study

w e investigated w hether the mite antigens, Der

p1 and Der p2, can modulate CAM expression of hu-

man endothelial cells (HEC). To do this, slices of who-

le human umbilical cord vein underwent short-term

(8 hours) cultures in the presence or absence of mite

antigen (baseline, unstimulated controls). Cryostatic

sections of the specimens were then evaluated im-

munohistochemically for expression of intercellular

adhesion molecule (ICAM-1) and vascular cell adhe-

sion molecule (VCAM-1) molecules. The results re-

vealed that w hile Der p1 is capable of significantly

up-regulating ICAM -1 and VCAM -1 on HEC, Der

p2 antigen moderately up-regulates ICAM-1 expres-

sion but is ineffective in modulating VCAM -1.

Although preliminary, these results clearly support

the hypothesis that at least some of the effects of

sublingual immunotherapy may derive from inflam-

matory cell recruitment at the site of allergen relea-

se.
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RESUMEN

Aunque se ha demostrado que la inmunoterapia

sublingual con alergeno específico (ITSA) es eficaz

en el tratamiento de enfermedades alérgicas, se dis-

cute cómo un tratamiento local puede inducir modi-

ficaciones inmunitarias sistémicas.

Las moléculas de adhesión son esenciales en la

regulación leucocitaria, y se ha planteado la hipóte-

sis de que el extracto alergénico, administrado local-

mente, puede inducir una estimulación de las molé-

culas de adhesión vascular (CAM) de los vasos de la

mucosa, que se traduce en un reclutamiento local de

células inflamatorias circulantes. En el presente tra-

bajo hemos investigado si los antígenos de ácaros

Der p1 y Der p2 pueden regular la expresión de célu-
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las endoteliales humanas (CEH) por CAM. Para ello,

se sometió a cortes de vena de cordón umbilical hu-

mano completo a cultivos a corto plazo (8 horas) en

presencia o en ausencia del antígeno de ácaro (con-

troles no estimulados basales). Después se evaluó

inmunohistoquímicamente la expresión de molé-

culas ICAM-1 y VCAM-1 en cortes criostáticos de las

muestras. 

Este análisis reveló que Der p1 es capaz de regular

signif icativamente ICAM -1 y VCAM -1 sobre CEH,

mientras que el antígeno Der p2 regula modera-

damente la expresión de ICAM -1 pero es ineficaz

para regular VCAM-1.

Aunque preliminares, estos resultados apoyan con

claridad la hipótesis de que al menos parte de los

efectos de la inmunoterapia sublingual pueden de-

berse al reclutamiento de células inflamatorias en el

lugar de liberación del alergeno.
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INTRODUCTION

Many controlled trials have demonstrated that lo-

cal sublingual-sw allow  specif ic immunotherapy

(SLIT) is clinically effective in the treatment of selec-

ted patients w ith allergic rhinitis, conjunctivitis and

asthma1,2 and an increasing number of observational

works reported favourable outcomes in atopic der-

matitis (AD)3,4.

Immunotherapy for allergic diseases has been

classified as Biological Response Modifier (BRM) and

not w ithin any pharmaceutical category because of

its mult iple effects including the correction of

TH2/TH1 imbalance, the down-modulation of T-lymp-

hocyte response, the reduction of the mucosal hy-

perreactivity etc.1. Furthermore, all the various ef-

fects result ing from an effective immunotherapy

have been referred, until now, exclusively to mecha-

nisms driven by the specificity of the allergen that is

the allergen interaction w ith cells bearing specific re-

ceptors such as IgE for B� cells and the T cell

Receptor (TcR) for TH2 cells.

The recognised partial contribution of hemopoietic

precursor cells to the allergic inflammation5-7 and the

recent report that SLIT is capable of reducing the

increased CD34 + peripheral traffic during the treat-

ment of allergic patients8, nevertheless, raised the

question as to whether allergen-specific immunothe-

rapy could affect such an immature cells that, given

the ontogenetic stage, still do not express the anti-

gen/allergen specific receptors.

One can therefore envisage4 that tw o different

line of mechanisms could act, one allergen-specific

follow ing the model of oral tolerance induced w ith

low-dose of antigen (development of allergen-speci-

fic suppressor-T clones)9, and the other allergen uns-

pecific, induced by the side-biological activity of the

allergens themselves3,4. The House Dust Mite (HDM)

major antigen Der p2 is indeed an allergen but works

also in a lectin-like manner4,10 as the cytokine inter-

leukin 1 beta (IL1�)11,12 that is capable of inducing the

expression of adhesion molecules on human endot-

helial cells13.

Because of the shared biological activity, the hy-

pothesis has been entertained that the allergen ex-

tract, locally administered, could induce an over-ex-

pression of cellular adhesion molecules (CAMs) on

the vessels of the oral mucosa, thus allow ing a sub-

tractive mechanism of the inflammatory circulating

cells (physical immune deviation)3,4,8.

This qualitative study has been designed to verify

w hether mite antigens are capable of modulating

CAMs expression on human endothelial cells.

MATERIALS AND METHODS

Slices 2 mm thin of human umbilical cord vein have

been used as source of endothelial cells. Specimens

were short-term cultured in sterile ready to use tissue

medium complete with foetal bovine serum and gen-

tamicin (Amniomed, Euroclone Ltd., Devon, UK) w it-

hout (control) and w ith different amounts of House

Dust Mite Dermatophagoides pteronyssinus purified

major antigens Der p1 and Der p2 for 8 h and then fro-

zen in liquid nitrogen until processed. Der p1 was used

at the concentration of 200 �g/ml whereas Der p2 was

employed at 30, 200 and 350 �g/ml. 

Purified antigens were a generous gift of Dr. Igino

Spadolini (Anallergo SrL, Florence, Italy) and of Dr.

Jose Carreira (ALK-Abellò, M adrid, Spain) (f ig. 1).

Antigens w ere used at high dosages to be sure of

identify, if present, the potential stimulating activity. 

Immunohistochemistry

Umbilical vein serial cryostatic sections (4 �m)

were fixed in absolute acetone for 10 min and pro-

cessed by indirect avidin biotin immunoperoxidase

(IIP) method for murine IgG (Vectastain, Vector,

Burlingame, CA, USA) for the localisation of the anti-

gens ICAM-1 and VCAM-1. To detect ICAM-1 (CD54)
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w e employed the murine M AB anti-CD54, clone

HA58, isotype IgG1 and to detect VCAM-1 (CD106)

the murine MAB anti-CD106, clone 51-10C9, isoty-

pe IgG1, both from PharMingen, CA, USA. Both pri-

mary antibodies were used at the final concentration

of 0.5 �g/ml as optimal working dilution. IIP negative

controls were represented by sections w ithout pri-

mary antibody incubation. Slides w ere developed

with aminoethylcarbazole as the chromogenic subs-

trate, counterstained w ith M ayer’s hematoxylin

(Sigma Chem. Co., M ilan, Italy) and read by two ob-

servers, in blind.

RESULTS 

In control sections, no staining of the endothe-

lium w ith ant i-CD106 M AB (VCAM -1) w as obser-

ved while a low  reactivity w ith the anti-CD54 MAB

(ICAM-1) was detectable, confirming that the latter

molecule is constitutionally expressed at low  level

on human endothelial cells (HEC). In control sec-

tions furthermore most of the cells forming the en-

dothelial lining appeared flat in shape, w ith slightly

represented cytoplasm. The endothelial staining

w ith the ant i-CD54 M AB to ICAM -1 w as signif i-

cantly increased in sections of the cultures incuba-

ted w ith Der p1 (f ig. 2A); cultures stimulated w ith

Der p2 at concentration 30 �gr/ml show ed only a

low -to-moderate increased expression of ICAM -1

(f ig. 2B) w hen compared to the negative control

(fig. 2C). The higher concentrations of Der p2 used

did not resulted into further increase of ICAM -1 ex-

pression as for this antigen the activation mecha-

nism does not appear to be regulated in a dose-de-

pendent fashion.

Morphologically, the endothelial cells stimulated

w ith Der p1 and posit ive for ICAM -1 and VCAM -1

(figs. 2A and 3A), appeared augmented in height and

with strongly immunoreactive cytoplasm, a shape re-

sembling High Endothelial Vein Cells. 
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Figure 1.—SDS-PAGE analysis of Dermatophagoides

Pteronyssinus major allergens. Lane A: molecular weight markers

(Kilodaltons). Lanes B and C: purified extracts enriched of major

antigens Der p1 (M w  24) and Der p2 (M w  14) (Anallergo SrL,

Florence, Italy). Lane D and F: purified Der p2 (M w 14) and Der

p1 (Mw 14) (ALK-Abellò, Madrid, Spain). 

24

14

A B C D F

Figure 2.—Human Umbilical Cord Vein (HUCV) sections short-term

cultured w ith mite antigens Der p1 or Der p2. Indirect

Immunoperoxidase (IIP) for the endothelial localisation of

ICAM-1 molecules. (A): ICAM-1 up-regulation induced by Der p1; all

the endothelial cells of the luminal border appear extensively stai-

ned (200x). (B): low-to-moderate positivity for ICAM-1 induced by

Der p2 (100 x). (C): control section cultured w ithout allergens

(100x).
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VCAM -1 w hile undetectable in the control sec-

tions of human endothelium (fig. 3C) was clearly ex-

pressed in sections of umbilical cord incubated w ith

Der p1 (fig. 3A). In the latter in fact some clusters of

intensely stained cells could be observed (fig. 3A). 

The immunoreactive pattern of VCAM-1 was dif-

ferent from ICAM -1 since the former consisted in

scattered cluster of positive cells (fig. 3A) while in the

latter the reactivity involved continuously all the en-

dothelial cells (fig. 2A).

Der p2 stimulation appeared poorly if not effecti-

ve on the VCAM-1 expression (fig. 3B). 

DISCUSSION

The oral sublingual route of specific immunothe-

rapy administration is a reliable model to investigate

how SIT can affect allergic inflammation.

The low  amount of protein used, the lack of ab-

sorption and the prolonged persistence of the fed an-

tigen at the level of the oral mucosa15 strongly sug-

gested that at least some of the SLIT mechanisms of

action have to occur locally. 

Among the others, the restoration of TH2/TH1 ba-

lance (phenomenon known as immune deviation) is

a main proved effect of specific immunotherapy but

there is controversy as to whether these changes oc-

curs and if they are detectable in peripheral blood16. In

fact the mechanism by which the minimal amount of

allergen can influence, at-distance from the site of ad-

ministration, changes at the peripheral sites of allergic

inflammation still remains a matter of debate. A local

subtractive mechanism of the circulating TH2 and ot-

her inflammatory cells thus preventing the homing of

such cells to periphery, could be one of the mecha-

nisms contributing to the immune-deviation. 

Another important clinical outcome of SIT, strongly

implying the natural history of allergic diseases, is the

proved capability of preventing the development of

new sensitisation in early-treated patients. The possi-

bility that IgE synthesis can take place not only in ger-

minal centres of lymph node but also at the level of

peripheral inflamed mucosae has been recently re-

cognised17 Plasmacytoid monocytes (PM), acting as

antigen-presenting-cells, have been now  identified

also at mucosal sites of direct antigen exposure besi-

de in bone marrow  and central lymphoid tissue18.

Finally, the compelling evidence that human precur-

sor cells (HPC) are important contributors to allergic in-

flammation5-8,19,20, raise the question as to whether the

generation/expansion of Be clones responsible of the

new allergen-sensitisation which develop at the perip-

hery could be impaired by the “ subtractive mecha-

nism” .

Adhesion molecules are critical in the regulation of

leukocytes traffic and in the initiation and progression

of tissue allergic inflammation, nevertheless only re-

cently the different phases of such an inflammation

have been investigated in relation to the sequential

expression of vascular CAM s and to the different

type of cells recruited. 

Experimental studies on the early and late phases

of inflammation, have demonstrated that the cellular

adhesion to endothelium is mediated by at least two

or more overlapping and redundant CAMs types, i.e.

homing receptors specific to ICAM-1 and VCAM-1. In

particular, evidence have been provided that this phe-

nomenon appear to be biphasic. While at the very
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Figure 3.—HUCV sections cultured with Mite antigens Der p1 and

Der p2. IIP for the endothelial localisation of VCAM -1 molecule.

(A): VCAM-1 expression induced by Der p1; cluster of well stai-

ned endothelial cells are detectable (400x). (B): poorly valuable re-

activity for VCAM-1 induced by Der p2 (150x). (C): Negative control

section (150x). 
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early phase of inflammation the recruitment of less

specialised (Neutrophils)21-23 or less mature cells

(Lymphoblasts)24 is driven mainly by ICAM-1, at later

phases activated eosinophils and mature T-cells

(T-Lymphocytes)23,24 are captured by VCAM -1. The

study of the vascular CAMs ontogeny in human skin,

furthermore, indicates that ICAM-1 and P-selectin are

the first and the most represented adhesion mole-

cules on foetal skin vasculature w hereas VCAM -1

and E-selectin expression occur at low level at signi-

ficantly olderage25.

All together the above mentioned evidence sug-

gest that the very early phase of the inflammation

may be poorly selective, w ith a recruitment of less

mature and less specialised cells mediated mainly by

ICAM -1 which is constitutionally expressed on the

endothelium and thus susceptible of rapid up-regula-

tion. The late phase, distinctive of the allergic inflam-

mation, appears dominated by committed and matu-

re cells that use preferentially the homing receptor

specific to VCAM-1.

Such emerging model of a sequential cellular re-

cruitment at inflammation sites and the preliminary

finding of the present work could suggest to appraise

another effect of the sublingual immunotherapy re-

cently described. SLIT has been reported to be capa-

ble of reducing the increased CD34 + precursor cells

traffic in the peripheral blood of allergic patients8.

Since CD34 + HPC, among the redundant repertoire

of homing receptors, use preferentially the CD11a

and CD49d molecules (counterligands for ICAM-1 and

VCAM-1) for trans-endothelial migration26,27, the ob-

served reduction of the HPC peripheral traffic in SLIT

treated subjects may be linked to a capturing of the-

se immature cells in the vessels of the oral mucosa

where the administered allergenic extract has induced

an over-expression of addressins. 

In conclusion, data of the present qualitative study

showing an endothelial up-regulation of ICAM-1 and

the de-novo expression of VCAM-1 induced by the

house-dust-mite antigens investigated are consistent

with the proposed model of a local recruitment of cir-

culating inflammatory cells at the sites of allergen ex-

tracts administration. 

Results are furthermore supported by the recent

demonstration that Dermatophagoides farinae acti-

vates nuclear factor (NF)-Kappa B that is one of the

transduction pathways for vascular adhesion mole-

cules transcription28-30.
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