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Abstract:

Minor histocompatibility (H) antigens create a barrier to the transplantation of organs and tissues between individuals matched for

strong antigens, encoded by the major histocompatibility complex (MHC) in humans and by H-2 in mice. The male-specific antigen

H-Y, which belongs to H antigens, provides a well-characterized system for studying graft rejection. C57BL/6 female mice are able

to generate a strong cellular response against syngeneic male grafts.This reactioncan be alleviated by immunosuppressive drugs, but

they are usually hepatotoxic and increase the risk of infection and tumor development. Our previous works showed that

epicutaneous (ec) immunization with protein antigen led to a profound antigen-non-specific suppression of some aspects of

cell-mediated immunity (e.g. contact hypersensitivity, delayed-type hypersensitivity). The present study was aimed at checking the

effect of ec pretreatment of female C57BL/6 mice with ovoalbumin (OVA) on the survival of syngenic male skin transplants. Indeed,

we found that ec immunization with a protein antigen prior to grafting significantly prolonged the survival of the graft. The ease of

application makes ec tolerization an attractive treatment strategy for the suppression of graft rejection.
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Introduction

Minor histocompatibility (H) antigens create a barrier

to the transplantation of organs and tissues between

individuals matched for strong antigens, encoded by

the major histocompatibility complex (MHC) in hu-

mans and by H-2 in mice. Minor H antigens are com-

posed of peptides derived from polymorphic intracel-

lular proteins. Their function is to stabilize MHC or

H-2 molecules during biosynthesis for the expression

on the cell surface. These antigens are encoded by

both autosomal and Y chromosome genes [17]. The

male-specific antigen H-Y provides a well-characterized

system for studying graft rejection. Female mice of

the H-2b background (e.g. C57BL/6) are able to gen-

erate a strong cellular response against H-Y disparate

grafts [15].

Immune events developing in the bed of a skin

graft and draining lymph nodes are probably a copy of
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what happens in the skin after the invasion of bacte-

ria, viruses or fungi. The mechanism of local immune

response has developed in the skin in the course of

evolution and is well conserved and efficient in elimi-

nating foreign antigens. Therefore, prolongation of

skin graft survival is difficult to achieve, and the im-

munosuppressive methods applied after skin trans-

plantation remain ineffective [6]. There are a few dif-

ferences between the processes of rejection of skin

grafts in major, complete minor, and H-Y minor H

mismatched models [5]. In the former two models,

cytotoxic T cells play a major role in skin graft rejec-

tion, whereas in the latter cases, T helper cells are

mostly involved. Moreover, a classic collaborative in-

teraction between class II-restricted T helper 1 (Th1)

CD4+ cells which play an indicative role and other

types of T cells involved in the effector phase of a de-

layed type hypersensitivity (DTH) reaction seems to

be necessary for graft rejection [17]. Also Wang et al.

[15] have reported that female mutant C57BL/6 mice,

which are unable to generate anti-H-Y cytotoxic

T-lymphocytes, but show an H-Y specific DTH reac-

tion, reject H-Y-disparate skin grafts. Class II-

restricted Th1 CD4+ cells are also involved in the in-

duction of a graft-versus-host reaction (GvHR). Con-

sequently, bone marrow grafts between HLA-matched

siblings are often complicated by the GvHR directed

against minor H disparities, including the male-

specific H-Y antigen.

Host-versus-graft and graft-versus-host responses

to the male-specific Y-H antigen can be alleviated by

treatment with immunosuppressive drugs, but such

drugs are usually hepatotoxic and increase the risk of

infection and tumor development. On the whole, the

ability to induce tolerance to minor H-Y antigens may

be clinically advantageous and there is an urgent need

to provide pre-clinical data obtained with experimen-

tal models.

It is well known that activation of Th2 lympho-

cytes leads to the inhibition of Th1-mediated immune

responses. Recently Wang et al. [16] showed that ap-

plication of a protein solution to the skin via a gauze

patch resulted in allergic dermatitis accompanied by

activation of Th2 cells. In addition, Herrick et al. [1]

reported that epicutaneous (ec) immunization with

a protein antigen resulted in an asthma-like Th2 re-

sponse when the airway was challenged with the anti-

gen. On the basis of that observation we postulated

that protein antigens applied ec to mice might induce

suppression of Th1 immunity. Indeed, our earlier

study concerned with four different Th1-mediated im-

mune responses, i.e. contact hypersensitivity [13],

delayed-type hypersensitivity to protein antigens [7],

animal model of multiple sclerosis (experimental

autoimmune encephalomyelitis, EAE) [11, 12, 14]

and rheumatoid arthritis [12], showed that ec immuni-

zation with protein antigen led to a profound antigen-

non-specific suppression.

In order to find out whether epicutaneous immuniza-

tion suppresses the cell-mediated immunity against an

H-Y incompatible skin graft, in the present study, we

evaluated the effect of ec pretreatment of female

C57BL/6 mice with ovoalbumin (OVA) on the sur-

vival of a syngeneic male skin transplant.

Materials and Methods

Mice of the highly inbred C57BL/6 strain maintained

in the Department of Human Developmental Biology,

Jagiellonian University College of Medicine were

used throughout the experiment. Three-month-old

C57BL/6 female mice were ec immunized by apply-

ing a 1cm2 gauze patch soaked with a solution con-

taining 100 µg of OVA in a volume of 100 µl phos-

phate buffer solution (PBS) to the shaved skin of

mouse dorsum on day 0. The patch was secured with

an adhesive tape wrapped around the midsection.

Positive control mice were patched with PBS alone.

The patch was left in place from day 0 until day 4

when it was replaced with a fresh patch and kept in

place until day 7. Afterwards old patches were re-

moved and replaced with fresh ones on days 7 and 11

and were kept until day 14. On day 14, the patches

were removed. On day 22 and 42, the female mice of

either group (treated ec with OVA or PBS) were sub-

jected to syngeneic skin grafting. Skin taken from

a C57BL/6 male donor’s ear was fixed on the pre-

pared bed on one side of the recipient’s thorax with

a Gipsona bandage. The bandages were removed on

day 7 and the grafts were inspected daily. Scab forma-

tion on 10% of the skin transplant surface was consid-

ered to be the beginning of skin rejection, whereas

full-scab formation the end of transplant rejection.

The mean time ± SD of the beginning and the end of

skin transplant rejection for control and experimental

groups was determined and analyzed by ANOVA.
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Results

The obtained results are presented in Figure 1. The

average time of the beginning of male skin rejection

in control C57BL/6 females was on day 13.57 ± 2.4,

whereas the end of this reaction was on day 20.57 ± 3.1.

Epicutaneous pretreatment of female C57BL/6 mice

with OVA significantly prolonged the survival of syn-

geneic male skin grafts done on day 22 of the experi-

ment. The mean beginning of the graft reaction was

delayed (17.4 ± 5.3 days), yet that result was not sta-

tistically significant, whereas the mean time of the

end of reaction was delayed in a statistically signifi-

cant manner (24.85 ± 3.72 days, p < 0.05).

The ec induced suppression of transplantational re-

activity declined with time. There was no effect of ec

OVA administration to female C57BL/6 mice on the

survival of syngeneic male skin grafts performed on

day 42 of the experiment.

Discussion

This study has demonstrated that ec application of

a protein antigen decreases the transplantational reac-

tivity of female C57BL/6 recipients to H-Y incom-

patible skin grafts, however, this epicutaneously in-

duced suppression of transplantational reactivity de-

clines with time.

Prolongation of H-Y-incompatible skin graft sur-

vival was observed following iv injection of spleno-

cytes or after implantation of spleens from syngeneic

newborn female donors in the ear skin pocket of adult

C57BL/6 females [3, 9]. The spleens of newborn mice

were found to be a particularly rich source of suppres-

sor cells. Those naturally occurring neonatal suppres-

sor cells had non-specific suppressor action on the

Th1-mediated immunity i.e. the proliferative response

of adult spleen cells to alloantigens, DTH and GvH

reactions [2, 10].

Recently, we have found that ec immunization with

a protein antigen (e.g. OVA) also induced antigen

non-specific suppressor cells, which were able to sup-

press DTH and the contact-sensitivity reaction in

vivo, as well as the alloantigen-stimulated prolifera-

tion of lymph node cells in vitro [13]. These suppres-

sor cells are CD4+CD8+ double positive, � � T lym-

phocytes which are not major histocompatibility

complex-restricted. It has been shown that interleukin

(IL)-4, IL-10 and the transforming growth factor

(TGF)-� are involved in the induction of these cells,

whereas TGF-� - but not IL-4 or IL-10 – mediate the

effector phase of the Ts response [13]. It may be

speculated that the same suppressor cells are responsi-

ble for the inhibition of activity of Th1 cells involved

in the rejection of an H-Y-incompatible skin-graft.

The prolongation of skin survival maybe due to

multiple functions of TGF-�, including the inhibition

of both T cell proliferation and IL-12-induced Th1

differentiation, as well as the interference with the ef-

fector phase of the Th1-mediated response or skewing

of an immune response to a Th2 response [8]. Moreo-

ver, TGF-� is also involved in the generation of

CD1d-dependent natural killer T (NKT) cells [4]. On

the other hand, Oh et al. [16] observed that activation

of NKT cells prolonged H-Y-mismatched skin graft

survival. The latter authors found that the afferent arm

of NKT cell activation during transplantation required

CD1d molecules, expressed on host, antigen-

presenting cells and migration of CD1d dependent

NKT cells into grafts. The effect of ec immunization

with protein antigens on the activity of CD1d depend-

ent NKT cells ought to be studied in detail in the fu-

ture. Prolongation of H-Y incompatible skin grafts

was also obtained in female C57BL/6 mice, fed on

ethanol-containing liquid diets. The latter finding
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confirmed an earlier observation that ethanol con-

sumption impaired cell-mediated immunity [15].

As mentioned in the introduction, ec application of

an antigen was also found to prevent central nervous

system autoimmunity in the experimental autoim-

mune encephalomyelitis (EAE) – an animal model of

multiple sclerosis. The application of antigens prior

to the induction of EAE protected mice from develop-

ing the disease, whereas application of antigens upon

the first clinical signs of EAE resulted in the suppres-

sion of that disease [14]. It remains to be clarified

whether ec application of antigens after a skin trans-

plant can prolong graft survival. Finally, it is notewor-

thy that the ease of application makes ec tolerization

an attractive treatment strategy for the suppression of

graft rejection.
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