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Abstract

Experimental autoimmune myocarditis (EAM) has been used as a model for human myocarditis in relation to the autoimmune mechanism
and proved as a T cell-mediated autoimmune disease. Interaction of T cell receptors (TCR) with its ligand peptide-MHC complex on APCs is
critical for antigen-specific T cell activation under physiological and pathological conditions. CIITA is a transcriptional coactivator that
functions as a key regulatory factor for MHC-II expression. To achieve effective inhibition of interaction of TCR and peptide-MHC-II com-
plex, adenovirus vectors containing antisense CIITA were constructed and their effects in preventing EAM were examined. Ad-CIITA was
injected intravenously into mice on days 0-2 or 14-16 after myosin immunization to study the preventive effects on EAM in the T cell
activation phase or inflammatory phase. Disease severity was determined by the microscopic grade of heart check, concentration of plasma
cTnl, and cellular and humoral immune responses on day 21. Results show that onset of EAM after Ad-CIITA treatment on days 0-2 was
almost completely inhibited and antigen-specific lymphocyte proliferation was significantly reduced in adenovirus treatment group, which
demonstrate that this adenovirus vector inhibit auto-responsive T cells activation and proliferation. Moreover, compared with EAM mice,
even administered on days 14-16, the Ad-CIITA treated mice achieved significant reduction in disease severity. It indicates the therapeutic
potential of blocking T cells activation by gene-transfer in myocarditis.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Myocarditis is a major cause of sudden death in people
younger than 40 years of age [1] and often follows infection
by coxsakievirus B3 [2]. The pathogenesis of myocarditis is
not fully understood but there is substantial evidence suggest-
ing the autoimmune responses to heart antigens, particularly
cardiac myosin, after viral infection may contribute to the
disease process [3].

An experimental model of autoimmune myocarditis
(EAM) has been produced by immunization with cardiac
myosin in susceptible rodent animals, such as Balb/c mouse.
It is characterized by severe myocardial lesion and multinucle-
ated giant cells infiltration. It has been reported that the patho-
genesis of the tissue damage in human giant cell myocarditis
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(GCM) and viral myocarditis resembles that in EAM [4]. This
model of myocarditis has also been shown to develop into
postmyocarditic dilated cardiomyopathy (DCM) in the
chronic phase, the histopathologic findings of which closely
resemble those forms of human idiopathic DCM [5]. There-
fore, we constructed an EAM derived from Balb/c mice to
understand the mechanisms of myocardial injury and to
develop an effective therapeutic strategy for myocarditis and
DCM.

EAM is a T cell-mediated autoimmune disease because it
can be transferred into naive animals by injection of cultured
spleen T cells from previously immunized syngeneic ones
[6]. T cells require two distinct signals for their full activa-
tion [7]. The first signal is provided by the engagement of
T-cell receptor (TCR) with major histocompatibility com-
plex (MHC) plus peptides on antigen-presenting cells (APCs),
and the second costimulatory signal is provided by engage-
ment of one or more T-cell surface receptors with their ligands
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on APCs [8]. MHC-IImolecules (MHC-II) plays a critical role
in the induction of immune responses by presenting frag-
ment of autoantigenic peptides to CD4™ T lymphocytes, then
resulting in activation of CD8" T lymphocytes and B lym-
phocytes. Moreover, under the status of autoimmune dis-
eases, expression of MHC-II increases abnormally [9]. So,
MHC-II was associated with autoimmune diseases. There are
codominance and multiple allele for MHC-II which lead to
their complicated polymorphism, so it is difficult to repress
every MHC-II expression directly. MHC class II transactiva-
tor (CIITA) is the major rate-limiting factor for both consti-
tutive and inducible MHC-II expression, and with rare excep-
tions, expression pattern of CIITA dictates most qualitative
and quantitative aspects of MHC-II gene expression [10]. The
cell type specificity, induction, and level of MHC-II expres-
sion are in the majority of situations determined by the expres-
sion of CIITA [11]. The gene encoding CIITA (MHC2TA) is
controlled by three distinct and independent promoters
referred to as p~, pP, and py. These promoters are spread out
over a large (>12 kb) regulatory region and exhibit different
cell type specificities [12]. pp is used mainly in B cells [12].
IFN-v-induced CIITA expression is mediated by py [13]. It
previously showed that expression of the MHC2TA gene in
dendritic cells (DCs) was primarily controlled by p~, and to a
lesser degree by pf [12].

The goals of the present study are, therefore, to attenuate
EAM by inhibiting the activation of auto-responsive T cells
through down-regulating the expression of CIITA resulting
in decreasing of expression of MHC-II. To achieve effective
inhibition of CIITA expression, we constructed recombinant
adenovirus Ad-CIITA containing the antisense MHC2TA gene
fragment. We examined the effects of the adenovirally deliv-
ered antisense mRNA on the prevention of EAM shortly after
the immunization (in the T-cell activation phase) and the ini-
tial inflammatory phase.

In this study, we demonstrated that: (1) the expression of
MHC-IIwas enhanced in the heart of the EAM mice com-
pared with normal mice; (2) both Ad-CIITA treatment on days
0-2 and delayed treatment on days 14—16 strikingly inhib-
ited the onset and the ongoing EAM; (3) inhibition of expres-
sion of MHC-II by Ad-CIITA could inhibit antigen-induced
spleen cell proliferation in vitro in dose-dependent manner.
This study indicates that preventing the activation of T cells
through down-regulating the expression of CIITA resulting
in decreasing of the expression of MHC-II by Ad-CIITA has
therapeutic potential for human myocarditis.

2. Materials and methods
2.1. Animals

Male Balb/c mice, 4-6 weeks of age at initiation of the
experiments, were purchased from Shanghai experimental

animal center (Shanghai, China) and feed in our animal facili-
ties. During the period of experiment, all the investigation is

conducted in conformity with principles about care and use
animals.

2.2. Preparation of cardiac myosin

Cardiac myosin was prepared from the ventricular muscle
of the porcine heart according to the methods of Murakami et
al. [14], and used as an antigen.

2.3. Induction of autoimmune myocarditis

Male Balb/c mice were immunized subcutaneously twice
with 200 ug of cardiac myosin in an equal volume of com-
plete Freund’s adjuvant (CFA, Sigma Chemical Co., St. Louis,
MO) on days 0 and 7. The normal control mice were immu-
nized with CFA and phosphate-buffered saline (PBS).

2.4. Experimental design

In preventive experiment, 5.0 x 10® plaque forming unit
(PFU)/day x 3 days of Ad-CIITA or Ad-GFP serving as a
control was injected intravenously (i.v.) on days 0-2 after
immunization to study the preventive effects on EAM in the
T-cell activation phase. On day 21 after the first immuniza-
tion, these animals were sacrificed, blood samples were col-
lected from caudal vein, and the hearts were removed, and
divided for histology, biochemical examinations and recom-
binant adenovirus copies assay.

In therapeutic experiment, 5.0 x 10® plaque forming unit
(PFU)/day x 3 days of Ad-GFP as a control, or Ad-CIITA
was injected i.v. on days 14—16 after immunization to study
the preventive effects on EAM in the inflammatory phase.
On day 21 after the first immunization, these animals were
killed, and investigation was taken as described above.

2.5. Virus preparation

The E1/E3-deleted recombinant adenoviruses Ad-CIITA
were constructed with the AdEasy system (Stratgene, La Jalla,
CA). Briefly, total RNA obtained from IFN-y-stimulated
mouse coelio-macrophage cells was reverse transcribed using
Moloney murine leukemia virus polymerase (TaKaRa,
DalLian, SD). Next, the 430bp fragment of CIITA cDNA (Gi:
6318321) was amplified by PCR using CIITA specific oligo-
nucleotide primers (5'-CGACCATAGTCTGTGTGCCA-3'
and 5'-GCTTCCTGT GCTTTGAGTCC-3") and subcloned
into the clone vector pMD18-T (TaKaRa, DaLian, SD). A
Kpnl/HindIIl fragment was treated with restriction enzyme
and cloned in reverse orientation into the same endonuclease
site of pAdTrackCMV yielding the pAdTrackCM V-as-
CIITA plasmids. These plasmids were cotransfected together
with pAdEasy-1 into electrocompetent BJ5183 bacterial cells
for homologous recombination. For generation of viral par-
ticles, the resulting plasmids were transfected into 293 cells
using the Lipofectamine2000 reagent (Gibco BRL, Rock-
ville, MD). The resulting adenoviral vectors, denoted Ad-
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