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in human postnatal bone marrow are AC133%, CD34",
VE-cadherin™, and KDR™ cells. We did not perform a
comparison among AC133*, CD34", and AC133~
CD34* cells in terms of endothelial progenitor ability.
Further research is required to clarify the origin of
endothelial progenitor ability.

Chronological analysis of the alteration of endothelial
markers on cultured AC133* cells revealed that the
expression of CD31 (PECAM-1) on AC133* cells was
the earliest event among the tested markers. The peak
of expression of KDR was observed at 2 weeks after
the inoculation, and the expression of eNOS did not
change during 3 weeks. On the other hand, few CD11b
positive cells appeared from AC133" cells, suggesting
that AC133" cells mainly differentiate into endothelial
cells under our experimental conditions.

Since we postulated that CD31 may be an early
indicator during endothelial differentiation, we exam-
ined the relationship between CD31 expression and
the ability to differentiate into endothelial cells in cells
derived from AC1337 cells. CD31-bright cells, which
were sorted from AC133* cells cultured on type IV
collagen-coated dishes, appeared to express more
endothelial cell-markers than did CD31-positive or
CD31-negative cells. Therefore, CD31-bright cells may
be precursor cellsfor endothelial cells. CD31 (PECAM-1)
is a 130-kDa member of the Ig superfamily express-
ed not only on endothelial cells, but also on mono-
eytes, lymphocytes, and polymorphonuclear leukocytes
(Vaporciyan et al., 1993; Newman, 1994; Newman et al,,
1997, Chosay et al, 1998). CD31 functions as an
adhesion and signaling molecule between adjacent
endothelial cells and between endothelial cells and
circulating blood elements. In the present study,
AC133" cells differentiated more efficiently into endo-
thelial cells when they were plated on FN-coated dishes
than when they were plated on collagen type I- and type
IV-coated dishes, suggesting that the FN as an extra-
cellular matrix plays a significant role in the endothelial
differentiation of AC133" cells. Antibodies directed
against PECAM-1 (CD31) have been shown to affect
angiogenesis (Mahooti et al.,, 2000). Therefore, one
possible explanation is that early expression of CD31
on cultured AC133 cells may participate in a functional
role in endothelial differentiation.

Recently, new biotechnology using cellAissue (cell
therapy) has been developed for therapeutic applica-
tions in grave inherited diseases or lethal ailments.
Endothelial progenitor cells have been recently isolated
from peripheral blood and bone marrow, and have been
shown to be ineorporated into sites of physiological and
pathological neovascularization in vivo (Asahara et al,,
1999). In contrast to differentiated endothelial cells, the
transplantation of endothelial progenitor cells success-
fully enhanced vascular development by in situ differ-
entiation and proliferation within ischemie organs. On
the other hand, these endothelial progenitor cells are
shown to express CD34 or AC133 on their cell surfaces
(Asahara et al., 1997; Kalka et al., 2000; Peichev et al,,
2000; Gaugler et al., 2001; Gill et al., 2001). These mark-
ers are also well known to be expressed on blood stem
cells (Yin et al., 1997; de Wynter et al., 1998; Punzel and
Ho, 2001). The isolation of endothelial progenitor cells
using these markers may also lead to the collection of

KANAYASU-TOYODA ET AL.

stem cells. Therefore, the ability of endothelial progeni-
tor cells to produce endothelial cells could be evaluated
to exclude the effects of blocd stem cells. In the present
study, we disclosed that CD31-bright cells derived from
AC133" cells are able to differentiate to endothelial cells
as a precursor cell. While the role of CD31 in the
differentiation of endothelial cells from their progenitor
cells remains unclear, the early expression of CD31 on
cultured AC133* cells during endothelial differentia-
tion can be utilized as a marker of the endothelial
Pprecursor.
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Prevention of Autoantibody-Mediated Graves’-Like
Hyperthyroidism in Mice with I1L.-4, a Th2 Cytokine

Yuji Nagayama,'* Hiroyuki Mizuguchi," Takao Hayakawa,’ Masami Niwa,*
Sandra M. McLachlan,* and Basil Rapoport?

Graves’ hyperthyroidism has long been considered to be a Th2-type autoimmune disease because it is directly mediated by
autoantibodies against the thyrotropin receptor (TSHR). However, several lines of evidence have recently challenged this concept.
The present study evaluated the Th1/Th2 paradigm in Graves’ disease using a recently established murine model involving
injection of adenovirus expressing the TSHR (AdCMVTSHR). Coinjection with adenovirus expressing IL-4 (AdRGDCMVIL-4}
decreased the ratio of Th1/Th2-type anti-TSHR Ab subclasses (IgG2a/igG1) and suppressed the production of IFN-y by spleno-
cytes in response to TSHR Ag. Importantly, immune deviation toward Th2 was accompanied by significant inhibition of thyroid-
stimulating Ab production and reduction in hyperthyroidism. However, in a therapeutic setting, injection of AdRGDCMYVIL-4
alone or in combination with AACMVTSHR into hyperthyroid mice had no beneficial effect. In contrast, coinjection of adeno-
viruses expressing 1L-12 and the TSHR promoted the differentiation of Thl-type anti-TSHR Immune responses as demonstrated
by augmented Ag-specific IFN-vy secretion from splenocytes without changing disease incidence. Coinjection of adenoviral vectors
expressing IL-4 or IL-12 had no effect on the titers of anti-TSHR Abs determined by ELISA or thyroid-stimulating hormone-
binding inhibiting lg assays, suggesting that Ab quality, not quantity, is responsible for disease induction. Qur observations
demonstrate the critical role of Th1 immune responses in a murine model of Graves® hyperthyroidism. These data may raise a
cautionary note for therapeutic strategies aimed at reversing Th2-mediated autoimmune responses in Graves’ disease in

humans. The Journal of Immunology, 2003, 170: 3522-3527.

' raves’ disease is an Ab-mediated organ-specific autoim-
mune disease in which stimulating anti-thyrotropin re-
ceptor (TSHR)® autoantibodies (thyroid-stimulating

Abs, TSAb) are responsible for hyperthyroidism and goiter by
overstimulating the TSHR (reviewed in Refs. 1 and 2). Because of
the role of autoantibodies, Graves’ disease has long been consid-
ered to be a Th2-dominated disease. Support for this hypothesis
includes features of atopy such as elevated serum IgE in some
Graves’ patients (3) as well as the induction of Graves' disease in
patients with multiple sclerosis (a Thl-dominated autoimniune dis-
ease) following treaiment with monoclonal anti-CD32 Ab (4). On
the other hand, cytokine expression profiles in sera and thyroid
tissues from Graves’ patients indicate a mixed Th1/Th2 immune
response (reviewed in Ref. 3). Moreover, Graves’ disease gener-
ally ameliorates during pregnancy, a Th2-dominant state {6), and
even more important, TSAb are IgG1 (7), a Thl-type subclass in
humans.

Th1/Th2-type responses analyzed using two murine models of
Graves' disease (8, 9) provide conflicting observations (10-14).
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The pioneering “Shimojo” model involves injecting fibroblasts co-
expressing the human TSHR and MHC class IT into syngeneic
AKR/N mice (8). in this model, a Thl adjuvant (CFA) delays and
a Th2 adjuvant (alum) accelerates disease induction, suggesting
the importance of Th2 immune responses (10). However, injection
of the fibroblasts is associated with marked splenocyte production
of the Th] cytokine IFN-v but not the Th2 cytokine 1L-4 (11). In
outbred NMRI mice vaccinated with TSHR-DNA, the presence of
B cells, iL-4-producing T cells, and mast cells infiltrating the thy-
roid glands reflects Th2 responses (9). On the other hand, the same
researchers have shown that anti-TSHR mAbs established from the
spleens of TSHR DNA-vaccinated BALB/c mice are all 1gG2a
{12), a murine Th1 subclass. Consistent with the latter observation,
splenocytes from TSHR-DNA-vaccinated BALB/c mice secrete
IFN-v, but not 1L-4, in response to TSHR Ag (13) and T cell
responses to TSHR-DNA vaccination are generated in IFN- y KO
BALB/c mice (14). The above discrepancies could be related to
studies being performed in different laboratories, with different
mouse strains and different cell types. Moreover, neither the Shi-
mojo model nor naked DNA vaccination are suitable for definitive
testing of the Th1/Th2 paradigm in Graves’ disease for the fol-
lowing reasons: 1) nonspecific immune activation induced by co-
stimulatory molecules expressed on the injected fibroblasts pre-
vents detailed Ab analysis or in vitro studies in the Shimojo model
{11} and 2) induction of TSAb is very rare and hyperthyroidism
fails to develop in inbred mice vaccinated with TSHR-DNA (13).

A novel murine model developed in our laboratory provides the
opportunity for in vivo and in vitro analysis of the Th1/Th2 par-
adigm in Graves’ disease, Intramuscular injection of adenovirus
coding the TSHR induces TSAb and hyperthyroidism in >50% of
femnale BALB/c mice (15). In the present study, we determined the
outcome of injecting adenoviruses expressing the TSHR in com-
bination with adenovirus expressing IL-4 or IL-12. We found that
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