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Abstract

The development of experimental models of active autoimmune diseases can be
difficult due to tolerance of autoantigens. Knockout mice do not acquire
tolerance of the defective gene product. Using knockout mice lacking
desmoglein 3 (Dsg3), the target antigen of pemphigus vulgaris (PV), we
established a method to generate an active disease model for this autoantibody-
mediated disease. Dsg3-- mice, but not Dsg3+- littermates, produced anti-Dsg3
IgG that was able to bind the native Dsg3 when immunized with recombinant
mouse Dsg3. Spienocytes from the immunized Dsg3-- mice were then
adoptively transferred into Rag-2-- immunodeficient mice expressing Dsg3.
Anti-Dsg3 [gG was stably produced in the recipient mice for over 6 months
without further boosting. ;This IgG bound to Dsg3 in vive and disrupted the
cell-cell adhesion of keratinocytes. Consequently, the recipient mice developed
erosions in their oral mucous membranes with typical histologic findings of
PV. In addition, thé recipient mice showed telogen hair loss, as found in Dsg3-
" mice. Collectively, the recipient mice developed the phenotype of PV due to
the pathogenic anti-Dsg3 IgG. This model will be valuable for developing
novel therapeutic strategies. Furthermore, our approach can be applied

broadly for the development of various autoimmune disease models.

Key Words: autoimmunity, tolerance, desmoglein, experimental model, Rag-2



Introduction

Self-tolerance is acquired as a result of clonal deletion or the inactivation
of developing lymphocytes that are potentially harmful to the body (1-3). This
prevents the immune system from reacting destructively against self
components, which can lead to devastating autoimmune diseases. On the other
side of the same coin, however, it is very difficult to develop experimental
models for autoimmune diseases, which are pivotal for dissecting the
mechanisms of tolerance and autoimmunity, as well as for developing novel
therapeutic strategies. In this study, we attempted to overcome this difficulty
by using autoantigen knockout mice. In these mice, self-tolerance of the
defective gene product is not acquired because lymphocytes are never exposed
to the target antigen dun’ﬁg development. Adoptive transfer of lymphocytes
from autoantigen knockout mice after immunization with the antigen into mice
expressing the antigen should generate an autoimmune reaction in the recipient
mice, thus providing an active disease model for autoimmune disease. To test
this hypothesis, we employed a well-defined autoimmune disease against skin
and mucous membranes, pemphigus vulgaris (PV).

PV is a life-threatening autoimmune disease of the skin and mucous
membranes that is characterized histologically by blister formation due to the
loss of cell-cell adhesion of keratinocytes, and immunopathologically by the
presence of bound and circulating IgG directed against the cell surface of
keratinocytes in vivo (4). Clinically, patients with PV develop widespread
flaccid blisters and painful erosions, which can occur in any stratified
squamous epithelium. The target antigen of PV, desmoglein 3 (Dsg3), is a
transmembrane desmosomal protein that belongs to the cadherin supergene

family of cell-cell adhesion molecules (5-7). Compelling evidence has



accumulated for the pathogenicity of IgG autoantibodies against Dsg3 in PV
(8-12).

In this study, we developed an active autoimmune disease model of PV
using mice genetically deficient in the target antigen for PV. We immunized
Dsg3-- mice (13) with mouse rDsg3 and then adoptively transferred their
splenocytes into Rag-2- immunodeficient mice that express Dsg3. The
recipient mice stably produced the pathogenic anti-Dsg3 IgG and exhibited the
phenotype of PV. Our approach can be widely applied to develop experimental

models of various autoimmune diseases.



Methods

Construction of Recombinant Mouse Dsg3 and Dsgl Protein

A cDNA encoding the entire extracellular domain of mouse Dsg3
(GenBank U86016) was PCR amplified on a phage clone containing mouse
Dsg3 ¢DNA as a template (a kind gift from Dr. Jouni Uitto) with the
appropriate primers (5'-
CCGAGATCTCCTATAAATATGACCTGCCTCTTCCCTAGA-3' and 5'-
CGGGTCGACCCTCCAGGATGACTCCCCATA-3"). In the same way, a
cDNA encoding the entire extracellular domain of mouse Dsgl, the
autoantigen of pemphigus foliaceus, was PCR amplified on a plasmid clone
containing mouse Dsgl cDNA (a kind gift from Drs. Norihisa Matsuyoshi,
John Stanley, Leena Pulkinen, and Jouni Uitto) with another pair of primers
(5"-CCGAGATCTCCTATAAATATGGACTGGCACTCCTTCAGG-3’ and 5°-
CGGCTCGAGGTGAACGTTGTCTCCATAGAG-3’). These cDNAs were
subcloned into pEVmod-Dsg3-His vector (14) in place of cDNA for human
Dsg3 (pEVmod-mDsg3-His, pEVmod-mDsg1-His). Recombinant
baculoproteins, mouse rDsg3 and rDsgl, were prepared as previously

described (135, 16).

Mice

Dsg3+ mice were obtained from mating male Dsg3-- mice and female
Dsg3+- mice (13) (Jackson Lab., Bar Harbor, ME). Dsg3-- mice have a mixed
genetic background of 129/SV (H-2") and C57BL/6] (H-2°) (13). Rag-2-- mice
that had been backcrossed to B6.SJL-ptpr€ for 10 generations were obtained

from Taconic (German Town, NY) (17).



ELISA

Circulating anti-Dsg3 IgG was measured with ELISA using mouse
rDsg3 as a coated-antigen as previously described (14, 18). Each sample was
diluted 50 fold and run in duplicate. A single serum sample obtained from a
Dsg3-/- mouse immunized with mouse rDsg3 was used as a positive control
and serum from a non-immunized mouse was used as a negative control.
ELISA scores were obtained as index value with the following formula (18):
index value = (OD450 of sample - OD45( of negative control) / (OD45( of
positive control - OD45( of negative control)x100. When the OD exceeded
2.0, the serum sample was further diluted and the index value was multiplied
by the dilution factor. The ELISA scores against mouse rDsgl were measured

in the same way using rDsgl-coated ELISA plates.

Living Keratinocyte Staining

A mouse keratinocyte cell line, PAM212 (19), was incubated with mouse
serum samples diluted 20-fold with DMEM containing 10% fetal calf serum at
37f1C in a CO2 incubator for 30 min. After washing with PBS, the cells were
fixed with 100% methanol at -201C for 20 min, and incubated with fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse antibodies (Dako,
Copenhagen, Denmark) at room temperature for 30 min. Specimens were

examined under a fluorescent microscope (Nikon, Eclipse E800).

Immunization of Mice

Mice were primed by intraperitoneal injection of 5 g of purified mouse
tDsg3 in complete Freund's adjuvant on day 0, then boosted with mouse rDsg3
in incomplete Freund's adjuvant twice, and then without adjuvant twice each

week. The antibody production was examined by ELISA at the indicated time.



For the adoptive transfer experiments, mice were sacrificed to prepare
splenocytes 4 days after boosting with mouse rDsg3 without adjuvant at day
21.

Adoptive Transfer of Splenocytes

Splenocytes were isolated from Dsg3+- or Dsg3+- mice 4 days after
boosting with mouse rDsg3 without adjuvant at day 28. Typically, the
splenocytes were pooled from two immunized Dsg3-- or Dsg3+- mice and then
administered to 10 Rag-2-- mice. 1x107 splenocytes in 500 ul PBS per mouse

were transferred to Rag-2-+ mice by intravenous injection into the tail vein.

ELISPOT Assay

PVDF-bottomed 96;-well multititer plates (Millipore-Amicon, Beverly,
MA) were coated with 30 pg/ml of mouse rDsg3. Mononuclear cells prepared
from the peripheral blood, spleen, bone marrow, and lymph nodes of
reconstructed Rag—Z—f- mice were incubated on the plates at 37°C in a CO?2
incubator for 4 hours. IgG bound to the membrane was visualized as spots with
alkaline-phosphatase conjugated anti-mouse IgG antibodies (Zymed
Laboratories Inc, San Francisco, CA). The number of spots was counted under
a dissecting microscope, and the frequency of anti-Dsg3 IgG-producing B cells
was defined as the number of spots in 105 mononuclear cells. All experiments

were carried out in triplicate.



