DNA vaccination against macrophage migration inhibitory
factor improves atopic dermatitis in murine models

Asuka Hamasaka, MD,? Riichiro Abe, MD, PhD,? Yoshikazu Koyama, PhD,® Naoya Yoshioka, MS,? Yasuyuki Fujita, MD,?
Daichi Hoshina, MD,® Mikako Sasaki, MS,? Tsutomu Hirasawa, PhD,® Shin Onodera, MD, PhD,¢ Shigeki Ohshima, MD,
PhD,® Lin Leng, PhD, Richard Bucala, MD, PhD,’ Jun Nishihira, MD, PhD,? Tadamichi Shimizu, MD, PhD,?

and Hiroshi Shimizu, MD, PhD?

Background: Atopic dermatitis (AD) is a common chronic
inflammatory skin disease. Macrophage migration inhibitory
factor (MIF) is a proinflammatory cytokine that has been
implicated in the pathogenesis of AD. Recently, we developed a
novel DNA vaccine that generates neutralizing endogenous anti-
MIF antibodies.

Objective: This study explores the preventive and therapeutic
effects of this MIF-DNA vaccine in mouse models of AD.
Methods: Two different AD model mice (DS-Nh and NC/Nga)
received MIF-DNA vaccination to analyze preventive and
therapeutic effects, as assessed by clinical skin scores, histologic
findings, and serum IgE levels.

Results: In murine models of AD, MIF-DNA vaccination prevented
the occurrence of the AD skin phenotype. Furthermore,
administration of MIF-DNA vaccine to mice that had already
developed AD produced a rapid improvement in AD skin
manifestation. There were reduced histologic signs of inflammation
and lower serum IgE levels in treated mice compared with those
seen in control animals. Finally, passive transfer of IgG from MIF-
DNA vaccinated mice to AD mice also produced a significant
therapeutic effect. These results demonstrate that MIF-DNA
vaccination not only prevents the development of AD but also
improves the symptoms of pre-existing AD.

Conclusion: Taken together, the induction of an anti-MIF
autoantibody response using MIF-DNA vaccination appears to
be a useful approach in the treatment of AD. (J Allergy Clin
Immunol 2009;124:90-9.)
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Abbreviations used

AD: Atopic dermatitis

MIF: Macrophage migration inhibitory factor
TTX: Tetanus toxin P30 Ty epitope

Atopic dermatitis (AD) is a chronic, relapsing inflammatory
skin disease with significant morbidity and an adverse effect on
patient well-being.! The prevalence of AD has increased 2- to
3-fold during the past 3 decades in industrialized countries, and
it presently occurs in 10% to 20% of children and 1% to 3% of
adults.? AD is thought to result from a dysregulation in the normal
interaction between the environment, genes, defects in skin
barrier function, and systemic and local immunologic responses.3
The contribution of the immune response to the pathogenesis of
AD has been largely attributed to abnormalities in the adaptive
immune system, with key roles played by Ty1/Ty?2 cell dysregu-
lation, IgE production, dendritic cell signaling, and mast cell
hyperactivity, leading to the pruritic inflammatory dermatosis
that characterizes AD.?

Macrophage migration inhibitory factor (MIF) is an upstream
regulator of the inflammatory response, and it is upregulated in
various inflammatory disorders, including AD.* We previously
reported that serum MIF levels in patients with AD were signifi-
cantly increased compared with those seen in healthy control sub-
jects and patients without AD.> In addition, circulating MIF
levels in patients with AD decrease as the clinical features of
the disease improve, suggesting that MIF might play a pivotal
role in the inflammatory response in these patients.>® Moreover,
MIF promotes IL-2 and IL-2 receptor expression and memory
T-cell development, and it might influence Ty 1/Ty2 cell differen-
tiation responses.®’ Based on these observations suggesting that
MIF might be a therapeutic target in AD, we hypothesized that
inhibition of MIF with neutralizing antibodies might induce ben-
eficial therapeutic effects in patients with AD.

Monoclonal antibodies directed against proinflammatory
cytokines, such as TNF-a, have been used for the treatment of
rheumatoid arthritis, Crohn disease, and psoriasis,s'10 and there
have been a few reports describing the use of anti-TNF-a
mAbs for the treatment of AD.”® The application of mAbs to
AD nevertheless might be difficult because of the requirement
for frequent injections, the large quantities of immunoglobulin
protein required, and the associated costs of production. More-
over, even fully humanized antibodies are potentially immuno-
genic and might elicit antibody responses, thereby limiting their
lIong-term therapeutic efficacy. These limitations have led to the
development of alternative neutralization strategies, including
methods that aim to elicit autoantibodies against target proteins,
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such as cytokines or pathogens, by administering them in a naked
or partially modified form as therapeutic vaccines.

We recently developed an MIF-DNA vaccine that breaks
immunologic tolerance by introducing oligonucleotides encod-
ing a foreign Ty cell epitope into the murine MIF cDNA se-
quence.'"'? We demonstrated that this MIF-DNA vaccination
elicits production of endogenous anti-MIF antibodies and showed
a significant amelioration of symptoms in murine models of rheu-
matoid arthritis® and sepsis.'”

The present study describes for the first time the preventive and
therapeutic effects of this MIF-DNA vaccine in 2 different mouse
models of AD.

METHODS

Animals

Six-week-old female BALB/c mice were purchased from Japan Clea
(Shizuoka, Japan). Male DS-Nh mice were provided by Aburabi Laboratories,
Shionogi and Co, Ltd (Shiga, Japan), and male NC/Nga mice were purchased
from SLC (Hamamatsu, Japan). All mice were bred and housed under
conventional conditions, and procedures were conducted according to the
guidelines of the Hokkaido University Institutional Animal Care and Use
Committee under an approved protocol.

Production of DNA vaccine

We previously reported the design of the MIF/tetanus toxin P30 Ty epitope
(TTX) DNA expression plasmid and our analysis of the in vitro expression of
MIF/TTX by using this plasmid.'! For the generation of immunologically ac-
tive MIF antigen, an MIF construct harboring a Ty epitope at its second loop
region was designed. For that purpose, the coding region for the second loop of
the mouse MIF, amino acids 32 to 37 (GKPAQY), was deleted from the MIF
cDNA and substituted with an EcoRI site. A complementary DNA coding for
the TTX (FNNFTVSFWLRVPKVSASHL) with EcoRI sites at both termini
was obtained by means of hybridization of partially overlapping oligo
DNAs (sense, ggaattcaacaacttcaccgtgagettctggetgegegtgeccaa; antisense,
ggaattccaggtggctggcgeteaccttgggeacgegeagecaga) after polymerization with
the Klenow fragment of DNA polymerase. After digestion with EcoRl, the
cDNA coding for the P30 Ty epitope was inserted into the EcoRI site of the
MIF expression plasmid lacking the second loop, and a clone with the insert
of correct orientation was selected. For vaccination, the plasmid DNA was pu-
rified by using standard methods with alkaline lysis followed by 2 rounds of
CsCl density gradient ultracentrifugation.

Vaccination protocols

Gene transfer into muscle by means of electroporation was performed as
described previously.'! Briefly, mice were anesthetized with ether and shaved
near their hind legs. A pair of electrode needles (5-mm gap and 0.5-mm diam-
eter; NEPA GENE, Chiba, Japan) was then inserted into an anterior tibial mus-
cle, and DNA vaccine (25 pg/25 wL of 0.9% saline) was injected into the portion
between the needles. Electrical pulses (50 V, 50 ms, 3 times) were applied (T820
and Optimizer 500; BTX, San Diego, Calif) and followed by another 3 pulses
with inverted polarity. The same injection and electroporation was applied to
the other tibial muscle. Thus 50 pg of the naked plasmid was injected per mouse
into the tibias. A similar vaccination was repeated 3 weeks later.

Evaluation of anti-MIF antibody titer in sera of

DNA-vaccinated mice

Anti-MIF titers in plasma were determined by means of direct' ELISA.
Briefly, individual plasma from vaccinated mice were collected from the tail
vein and diluted with 0.1% BSA/PBS/0.05% Tween 20. Small aliquots of
diluted plasma (1:200) were added into 96-well flat-bottom plates precoated
with recombinant MIE. Anti-MIF antibodies that reacted with the precoated
recombinant MIF were detected with goat anti-mouse antibody conjugated
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with horseradish peroxidase, followed by color development with substrate
reagent (Techne, Minneapolis, Minn).

Evaluation of clinical skin severity score

Mice were macroscopically observed and scored by 2 persons blind to the
treatment protocol. Before skin conditions were scored, scratching behavior
was observed for 2 minutes. A total clinical severity for AD-like lesions was
defined as the sum of the individual scores graded as O (none), 1 (mild), 2
(moderate), and 3 (severe) for each of 5 signs and symptoms (itch, erythema,
edema, excoriation/erosion, and scaling/dryness). '

Measurement of IgE and TNF-« levels in sera

Serum total IgE levels were measured by using a sandwich ELISA kit
(Yamasa Shouyu, Chiba, Japan). Serum MIF levels were assayed with ELISA
kits for Genetic Lab (Sapporo, Japan). The ELISA procedures were conducted
according to the manufacturer’s instructions. The concentration of TNF-a was
determined by using the BD Cytometric Bead Array (BD PharMingen, San
Jose, Calif). Flow cytometric analysis was carried out with a FACSCalibur
flow cytometer (Becton Dickinson, Mountain View, Calif).

Real-time PCR analysis

Total RNA was extracted from dorsal skin to quantify cytokine mRNA
expression levels in dermatitis lesions. RNA samples were analyzed with the
ABI prism 7000 sequence detection system (Applied Biosystems, Foster City,
Calif). Primers and probes specific for IL-1B, IL-4, IL-6, and IFN-y were
obtained from the TagMan gene expression assay (Applied Biosystems).
Differences between the mean cycle threshold (CT) values of cytokines and
those of B-actin (Applied Biosystems) were calculated as

A CTsamplc = CTcylakine - CTB —actin,

and those of ACT for the normal adult skin were calculated as

ACT catibrator = CTcylakin(' - CTB—aclin.

Final results for fetal skin sample/adult skin (as percentages) were deter-
mined as 2— (ACTmmple -4 CTmIibmmr)-

Histologic analysis

Six-micrometer-thick sections of dorsal skin were stained with hematox-
ylin and eosin, acidic toluidine blue (pH 4.0) for mast cells, and direct fast
scarlet for eosinophils. Cells between the epithelium and panniculus carnosus
were counted at a magnification of X400 and were expressed as the total
number of cells in 5 fields.

Treatment of neutralizing MIF mAbs

Neutralizing anti-MIF mAb (NIH-II1.D9) was previously described.'* Neu-
tralizing MIF mAbs (50 ug) or control IgG (50 j.g) were injected intravenously
into 15-week-old NC/Nga mice with dermatitis twice a week for 3 weeks.

Adoptive transfer of autoantibodies elicited by

DNA vaccines

1gG was purified from the sera of control pCAGGS plasmid- or MIF/TTX-
vaccinated DS mice at 6 weeks after the vaccination by using the protein A
Antibody Purification Kit (Amersham Biosciences, Piscataway, NJ). The
purified IgG was tested for its ability to suppress ongoing dermatitis in an
adoptive transfer experiment. DS-Nh mice with developing dermatitis were
separated at 15 weeks of age into 3 equally sick groups of 3 mice each. Every 3
days, these animals were administered 50 pg per mouse of purified IgG from
control pCAGGS plasmid-vaccinated DS-Nh mice, purified IgG from MIF/,
TTX-vaccinated DS-Nh mice, or an equal volume of PBS.

—357—



92 HAMASAKA ET AL

RESULTS
MIF/TTX vaccination prevents the onset of
AD in DS-Nh mice

DS-Nh mice housed under conventional conditions but notin a
specific pathogen free environment spontaneously exhibit AD-
like skin symptoms, including erythema, edema, excoriation,
erosion, dry skin, and desquamation.'>'” Early skin symptoms
appear around 9 weeks of age and continue to worsen until age
25 weeks. An increase in total serum IgE levels is detected at
approximately 17 weeks of age and after the development of
skin lesions.”>!7

We first examined the potential protective effect of the MIF/
TTX vaccine on dermatitis development by treating 9-week-old
DS-Nh mice before the development of skin eruptions. The
clinical features of the control pCAGGS plasmid—vaccinated
mice were similar to those of untreated mice. At 18 weeks of
age, or 9 weeks after the vaccination, both groups of mice
showed severe erythema, erosions, and dry skin (Fig 1, A). By
contrast, the MIF/TTX-vaccinated mice exhibited almost no
eruptions (Fig 1, B). The clinical skin score of MIF/TTX-vacci-
nated mice was low until 21 weeks of age (Fig 1, C), which is a
time at which the MIF/TTX-vaccinated mice showed high se-
rum levels of anti-MIF antibodies (Fig 1, D). Furthermore, in
the MIF/TTX-vaccinated mice the serum level of IgE was sig-
nificantly decreased and the serum MIF level was only slightly
decreased when compared with those seen in the control vacci-
nated mice (Fig 1, E and F). In addition, cytokine expression in
affected skin lesions was analyzed by using real-time PCR. The
T2 cytokine IL-4 was very slightly downregulated, and the
Tyl cytokine IFN-y was slightly upregulated. Of note, the ex-
pression of the proinflammatory cytokines IL-13 and IL-6
was significantly suppressed in MIF-vaccinated mice compared
with that seen in control mice (Fig 1, G). Therefore the inhibi-
tion of MIF in the atopic model mice appears to result primarily
in the suppression of inflammation rather than affecting the
Tx1/TH2 cytokine balance.

Improvement of clinical skin condition with MIF/TTX vaccine
also was confirmed by the observation that the lesions of mice
vaccinated with MIF/TTX vaccine showed amelioration in
hyperkeratosis, acanthosis, dermal edema, and infiltration of the
inflammatory cells at 21 weeks when compared with the condi-
tion of mice vaccinated with control pPCAGGS plasmid (Fig 2, A).
At the affected skin sites, the numbers of eosinophils and mast
cells decreased significantly in the MIF/TTX-vaccinated mice
at 21 weeks when compared with those seen in the control vacci-
nated mice (Fig 2, B-D).

These data clearly show that MIF/TTX vaccination can prevent
the onset of AD-like dermatitis in DS-Nh mice.

MIF/TTX vaccination improves pre-existing AD

To determine whether the MIF/TTX vaccine has any therapeu-
tic effect in AD, we next vaccinated 15-week-old DS-Nh mice
with pre-existing AD and evaluated the progression of skin
changes. Mice treated with the control plasmid continued to
exhibit severe dermatitis 6 weeks after vaccination (Fig 3, A). By
contrast, the MIF/TTX vaccination significantly improved derma-
titis symptoms (Fig 3, B). The clinical skin scores of control-vac-
cinated mice increased after the vaccination, whereas that of MIF/
TTX-vaccinated mice began to decrease at 21 weeks of age (Fig 3,
(). At this time, the MIF/TTX-vaccinated mice showed high
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levels of anti-MIF antibodies (Fig 3, D). Furthermore, the serum
IgE and MIF levels of MIF/TTX-vaccinated mice also were lower
than those of control mice at 21 weeks of age (Fig 3, E and F). In
addition, serum TNF-« levels were significantly lower in the MIF/
TTX-vaccinated mice when compared with those seen in the con-
trol plasmid-vaccinated mice (Fig 3, G).

By means of histologic analysis, the lesions of mice vaccinated
with MIF/TTX vaccine showed improvement of hyperkeratosis,
acanthosis, dermal edema, and infiltration of inflammatory cells
at 21 weeks when compared with the control plasmid-vaccinated
mice (Fig 4, A). In addition, the numbers of eosinophils and mast
cells decreased significantly in the MIF/TTX-vaccinated mice
at 21 weeks when compared with those seen in the control
mice (Fig 4, B-D). The serum IgE level of MIF/TTX-vaccinated
mice decreased at 21 weeks of age compared with that of control-
vaccinated mice (Fig 4, E).

These data indicate that MIF/TTX vaccination leads to an
improvement in already established dermatitis in the DS-Nh mice.

We further observed that MIF-DNA vaccine improved the
manifestation of pre-existing AD in a second model of AD, which
develops in the NC/Nga strain.' !> We vaccinated 15-week-old
NC/Nga mice with dermatitis, and although the control pCAGGS
plasmid—vaccinated mice still had severe dermatitis 6 weeks after
the vaccination treatment (Fig 5, A), the MIF/TTX-vaccinated
mice showed significant improvement (Fig 5, B). The clinical
skin score of control-vaccinated mice increased after the vaccina-
tion, whereas that of MIF/TTX-vaccinated mice began to de-
crease at 21 weeks of age (Fig 5, C). At this time, the MIF/
TTX-vaccinated mice showed high levels of anti-MIF antibodies
(Fig 5, D). The serum IgE and MIF levels of MIF/TTX-vaccinated
mice decreased at 21 weeks of age (Fig 5, E and F). These data
show that MIF-DNA vaccination improves dermatitis not only
in the DS-Nh strain but also in the NC/Nga mouse strains.

To confirm that anti-MIF antibodies suppress AD, we per-
formed an additional therapeutic experiment by using a neutral-
izing anti-MIF mAb. Anti-MIF mAb (50 pg) or an isotypic
control IgG (50 pg) were injected intravenously into 15-week-old
NC/Nga mice with dermatitis twice a week for 3 weeks. Anti-MIF
mAbs, as well MIF vaccination, significantly improved AD skin
manifestations when compared with conditions seen in control
IgG-treated mice (Fig 5, G and H).

Adoptive transfer of autoantibodies elicited by
MIF/TTX-DNA vaccine suppressed AD

To better substantiate that the therapeutic action of MIF/TTX-
DNA vaccination could be attributed to anti-MIF autoantibodies,
we performed adoptive transfer of purified IgG from vaccinated
DS-Nh mice into naive DS-Nh mice. The purified IgG was
adoptively transferred into the 15-week-old DS-Nh mice that had
already demonstrated skin eruptions. As shown in Fig 6, this IgG
was effective in ameliorating AD, indicating that the therapeutic
effect of MIF/TTX vaccination could be adoptively transferred by
immune serum IgG.

DISCUSSION

In the present study we have shown that active vaccination
against MIF is a novel preventive and therapeutic approach in
2 murine models of AD. We showed that mice administered a MIF/
TTX-DNA vaccine did not experience the cutaneous manifestations
of AD. The MIF/TTX-DNA vaccine also improved the symptoms
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FIG 1. Prevention of the onset of AD by MIF/TTX-DNA vaccine. Nine-week-old DS-Nh mice without skin
eruptions were subjected to administration of MIF/TTX or a control plasmid {pCAGGS). Ciinical features of
21-week-old DS-Nh mice vaccinated with endotoxin-free pCAGGS (A) and MIF/TTX (B; 12 weeks after the
vaccination} are shown. C, The clinical skin score of mice immunized with the MIF/TTX-DNA vaccine (solid
squares), immunized with pCAGGS plasmid (open squares), or left untreated {open circles). Results are
given as means = SEs of 5 mice in each group. *P < .01 and **P < .005 versus pCAGGS at the same time
point. D, Serum level of anti-MIF autoantibodies (autoAb) at 12 weeks after vaccination. Means * SEs are
shown {n = 5). *P < .01. E, Serum IgE levels of the mice vaccinated with MIF/TTX (solid squares) and
pCAGGS (open squares). *P <.01 and **P < .005 for MIF/TTX versus pCAGGS at the same time point. Means
+ SEs of 5 mice in each group are shown. F, Serum MIF levels of the mice vaccinated with MIF/TTX (solid
squares) and pCAGGS (open squares). G, Cytokine expression {IL-18, IL-4, IL-6, and IFN-vy) in affected skin
lesions was analyzed by using real-time PCR. *P < .05 and **P < .001.

of pre-existing AD in 2 different strains of AD-prone mice, the Proinflammatory cytokines are believed to be important con-
DS-Nh and NC/Nga strains. Finally, we demonstrated that the  tributors to the pathogenesis of skin inflammation in patients with
therapeutic effect of MIF/TTX vaccination could be adoptively ~ AD, which might depend on the duration of the skin lesion.
transferred by serum IgG that contained MIF autoantibodies. Patients with acute AD typically have a systemic Ty2 response
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FIG 2. Histologic analysis of AD in DS-Nh mice vaccinated with MIF/TTX or pCAGGS plasmid before disease
onset. Nine-week-old DS-Nh mice without eruptions were administered MIF/TTX or control plasmid.
Specimens were collected from the dorsal skin 6 weeks after the first vaccination and stained with
hematoxylin and eosin (A, original magnification X40), direct fast scarlet for eosinophils (B, original mag-
nification X200), or toluidine biue for mast celis (C, original magnification xX200). D, The number of eosin-
ophils and mast cells in 5 high-power fields from 4 individual skin specimens were enumerated by means of
microscopy. Means + SEs of 4 mice are shown. *P < .001 for MIF/TTX versus pCAGGS.

with increased serum IgE levels, eosinophilia, and a marked infil-
tration of Ty2 cells into acute skin lesions. The infiltrating T cells
show a predominance of IL-4, IL-5, IL-10, and IL-13 expres-
sion.'>!® In patients with chronic AD, however, there is infiltra-
tion of eosinophils and macrophages, and the disease becomes
associated with an increase in the expression of IL-12, with a
switch to Tyl cellular responses.'®'® Chronic AD skin lesions
in adults with a prolonged duration of disease have been shown
to manifest an increase in the expression of IL-1, IL-5, IL-12,
IFN-vy, TNF-a, GM-CSF, and MIE.'>'® This biphasic Ty1/Ty2

switch in immune response is characterized pathologically by li-
chenification, epidermal hyperplasia, and dermal fibrosis. MIF
regulates the production of various proinflammatory cytokines,
including TNF-a, and the inflammatory cytokines in response
to stimulation by LPS are known to be suppressed in MIF-defi-
cient mice. We previously reported that MIF-deficient mice
have an impaired contact hypersensitivity (CH) response and
that immunoneutralization of MIF effectively suppresses CH re-
sponse'?; these observations led us to speculate that MIF would
be a therapeutic target for AD.
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FIG 3. Therapeutic effect of MIF-DNA vaccination in DS-Nh mice with pre-existing AD. Fifteen-week-old
DS-Nh mice with ongoing dermatitis were administered MIF/TTX or control plasmid {(pCAGGS) or left
untreated. A, Clinical features of DS-Nh mice vaccinated with control plasmid. B, Clinical features of DS-Nh
mice vaccinated with MIF/TTX. C, Clinical skin scores of mice immunized with MIF/TTX-DNA vaccine (solid
squares), control plasmid (open squares), or left untreated (open circles). Means % SEs of 10 mice per group
are shown. *P < .005 for MIF/TTX versus pCAGGS. D, Serum level of anti-MIF autoantibodies (autoAb) at 6
weeks after the vaccination. Means * SEs are shown (n = 10). *P < .001. Serum IgE (E) and MIF (F) levels of
the mice vaccinated with MIF/TTX vaccine (solid squares) and control pCAGGS plasmid {open squares) are
shown. The data shown are for 10 mice per group. G, The serum levels of TNF-a were decreased in MIF/TTX-
vaccinated mice (solid squares) compared with those seen in the control (pCAGGS) plasmid-vaccinated
mice {open squares). *P < .01 for MIF/TTX versus pCAGGS.

The therapeutic aim of cytokine vaccine therapy is to induce
high titers of circulating polyclonal autoantibodies to neutralize
the pathologic levels of a particular cytokine. The advantages of
this therapy include the potential to maintain high antibody titers,
long-term efficacy, and low cost. Monoclonal antibodies directed
against TNF-a have been used for the treatment of psoriasis.'°
Jacobi et al” recently reported a clinical trial of infliximab mono-
therapy for 9 patients with moderate or severe AD who showed
significant improvement in all clinical parameters; however, this
improvement was not sustained by maintenance of the therapy.

The authors considered that the development of antichimeric an-
tibodies could explain the lack of a durable response to infliximab
maintenance therapy. A cytokine vaccine results in the production
of native antibodies, and it might overcome this limitation in anti-
cytokine antibody therapy.

It is unknown whether long-term inhibition of MIF activity
might be safe in human subjects. A major limitation of an active
immunization approach is the inability to control the outcome.
However, it should be noted that serum MIF levels in the
MIF-DNA-vaccinated mice were maintained at a baseline level
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FIG 4. Histologic analysis of AD in DS-Nh mice vaccinated with MIF/TTX or control plasmid after disease
onset. Fifteen-week-old DS-Nh mice with ongoing dermatitis were administered MIF/TTX or control
{(pCAGGS) plasmid. Specimens were collected at 6 weeks after the first vaccination and stained with
hematoxylin and eosin (A, original magnification x40), direct fast scarlet for eosinophils (B, original mag-
nification X200}, or toluidine blue for mast cells {C, original magnification x200). D, The number of eosin-
ophils and mast cells in 5 high-power fields from 4 individual skin specimens were enumerated by means of
microscopy. Data represent means * SEs of 4 mice. *P < .001 for MIF/TTX versus pCAGGS.

(Figs 2, F, and 4, F), despite an anti-MIF antibody level that re-
mained high for 6 weeks of vaccine administration. It is possible
that the present protocol of vaccination dose not induce a high
enough level of anti-MIF antibody to inhibit serum MIF protein
completely. There are reports that autoantibody production induced
by vaccine-encoded antigens regress to baseline levels shortly after
remission in acute experimental autoimmune encephalomyelitis,’
whereas in adjuvant-induced arthritis'® autoantibodies continue to
be produced at high titer. It has been considered that targeted DNA
vaccines amplify a pre-existing anti-self-regulatory response that
by itself is capable of limiting, although not preventing, the emerg-
ing autoimmune condition.> 17?922 In addition, we observed that

MIF-DNA-vaccinated mice did not show serious side effects, such
as evident infections.

Serum IgE levels were significantly decreased when MIF
vaccination was used as a preventive agent, whereas the levels
were not significantly decreased when it was used as a therapeutic
agent. It is known, however, that IgE levels do not parallel the
clinical severity of AD in human patients."

The cardinal principles in the treatment of AD are to reduce
symptoms, prevent exacerbations, and minimize medication
side effects. This approach incorporates the use of emollients,
topical corticosteroids, topical calcineurin inhibitors, antihista-
mines, stress management, and avoidance of allergens or

—362—



J ALLERGY CLIN IMMUNOL

VOLUME 124, NUMBER 1

A
before

vaccination
6w after
vaccination
C D Anti-MIF Ab

8¢ m MIFTTX £
g c
9 0 pCAGGS 2
bt 6 <+
£ w
e *
& 4 §
] &
R Q
E 2 t ¢ 5
Q -

o L 1 1 [

12w 18w 21w pCAGGS MIFITTX

E 25000 » MIFITTX F 200 ¢ m MIFITTX
= o pCAGGS = o PCAGGS
E 20000 E 150
<) =]
£ 15000 £ *
w * L 400
e 10000 sé
g 5000 t t c 50 L
o 3

0 . 0 i i 2 1

Sw 15w 21w Sw 12w 18w 21w
G H
@ 10
o
8 s
£
ﬁ 5 *
ki
§ 25
© 0
1gG Anti-MIF mAb

IgG

Anti-MiF mAb

FIG 5. Therapeutic effect of MIF/TTX-DNA in vaccine for pre-existing AD on NC/Nga mice. Fifteen-week-old
NC/Nga mice with dermatitis were vaccinated with control pCAGGS plasmid or MIF/TTX. A, Clinical features
of NC/Nga mice vaccinated with control pCAGGS plasmid. B, Clinical features of DS-Nh mice vaccinated
with MIF/TTX (top, vaccination). C, Clinical skin scores of mice vaccinated with MIF/TTX {solid squares)
and control pCAGGS plasmid (open squares). *P < .05 for MIF/TTX versus pCAGGS at the same time point.
Each point represents means = SEs of 10 mice in each group. D, Serum level of anti-MIF autoantibodies
(Ab) at 6 weeks after the vaccination. Means * SEs are shown {n = 10}. *P < .005. Serum IgE (E) and MIF
(F} levels of mice vaccinated with MIF/TTX vaccine (solid squares) and control pCAGGS plasmid (open
squares) are shown. Means * SEs of 10 mice in each group are shown. *P < .0005. G and H, Neutralizing
anti-MIF mAbs (50 pg) or control IgG (50 j.g) were injected intravenously into 15-week-old NC/Nga mice
with dermatitis twice a week for 3 weeks. Fig 5, G, shows clinical skin scores (*P < .05). In Fig 5, H, the upper
panels show clinical features, and the lower panels show histologic images.
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FIG 6. Adoptive transfer of autoantibodies elicited by DNA vaccines. IgG were purified from the sera of
control (pCAGGS) plasmid- or MIF/TTX-vaccinated DS mice and adoptively transferred. DS-Nh mice were
administered 50 g per mouse of purified IgG from control plasmid-vaccinated DS-Nh mice, purified IgG
from MIF/TTX-vaccinated DS-Nh mice, or PBS. A-C, Clinical features at 3 weeks after administration of pu-
rified 1gG from MIF/TTX-vaccinated mice (Fig 6, A), purified IgG from control pCAGGS plasmid-vaccinated
mice (Fig 6, B), and clinical features after administration of PBS (Fig 6, C). D, Clinical skin scores of DS-Nh
mice administered IgG from MIF/TTX-vaccinated DS-Nh mice (solid squares), 1gG from control pCAGGS
plasmid-vaccinated DS-Nh mice (open squares), or PBS (open circles). Results are shown as means *
SEs of 3 mice in each group. *P < .05 versus pCAGGS at the same time point.

disease triggers.® The fact that the treatment of AD mainly de-
pends on the self-application of topical agents often hinders the
effective and long-term treatment of the disease. Notwithstand-
ing these conventional treatments, if a patient with severe and
refractory AD requires additional therapy, cyclosporine A has
been used despite systemic side effects, such as renal toxic-
ity.2?* The relapsing and remitting course of AD also places
a psychologic, social, and financial burden on patients and their
families. New treatment options are needed to prevent the pro-
gression of AD to more severe forms of disease and to halt the
so-called atopic march toward asthma. An MIF-DNA vaccine
approach offers the additional advantage of requiring only a pe-
riodic booster injection, and it might allow for the potential res-
olution of immunopathology in those with chronic refractory
disease.

We thank Professor James R. McMillan for his manuscript proofreading and
Ms Yuika Osaki for her excellent technical assistance.

Clinical implications: MIE-DNA vaccination might be a useful
preventive and therapentic approach for AD.
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Abstract

Anti-p200 pemphigoid is a recently de-
scribed autoimmune blistering skin disease
that is characterized by the presence of au-
toantibodies against an unidentified 200-
kDa dermal autoantigen. Most of the previ-
ous cases have been successfully treated
using mild-to-moderate immunosuppres-
sive therapies, which resulted in a good
prognosis. We report here a severe and re-
fractory case of anti-p200 pemphigoid that
developed in a 53-year-old woman, in which
blisters led to multiple skin ulcers, followed
by severe scar formation. In the present case,
methylprednisolone pulse therapy was ef-
fective enough to reduce the disease activ-
ity. Copyright © 2008 S. Karger AG, Basel

Introduction

Anti-p200 pemphigoid is a recently de-
scribed autoimmune bullous disease that
is characterized by the presence of autoan-
tibodies against an, as yet, unidentified
200-kDa dermal antigen in the lower lam-

ina lucida [1-4]. Most of the patients
showed clinical features resembling bul-
lous pemphigoid [1, 2, 5-7], dermatitis
herpetiformis [8, 9] or linear immuno-
globulin (Ig) A bullous dermatosis [10-
12]. In addition, in some patients anti-
p200 pemphigoid has been associated with
psoriasis [1, 9, 13]. Anti-p200 pemphigoid
patients usually show a good response to
treatments such as oral corticosteroids [8],
minocycline [14], dapsone [6, 10, 15, 16]
and cyclosporine [1, 14]. In some cases,
even corticosteroid ointment therapy has
been used to control the disease [5, 17].
Here, we report a severe and refractory
case of anti-p200 pemphigoid, in which
the majority of blisters resulted in skin ul-
cers that spread extensively and scar for-
mation. Interestingly, this patient also had
IgG autoantibodies directed against the
180-kDa bullous pemphigoid autoantigen
[BPAG2, BP180 or type XVII collagen
(Col17)], which might be related to the se-
verity of this case.

Case Report

A 53-year-old Japanese female was re-
ferred to our outpatient clinic with blisters
and erythema on her trunk and extremi-
ties, as well as oral and genital mucous
membrane involvement. On physical ex-

amination, small, tense blisters with pru-
ritic erythema were found over her entire
body. The blisters on areas of erythema
tended to form in an annular arrangement
(fig. 1a—c). The oral and genital mucosa
also showed blisters (fig. 1d, ). Histologi-
cal examination of a skin biopsy specimen
taken from the patient’s back showed a sub-
epidermal blister with extensive neutrophil
and eosinophil infiltration (fig. 2a). Direct
immunofluorescence studies revealed lin-
ear in vivo deposition of IgG and C3 along
the epidermal basement membrane (fig.
2b). Neither IgM nor IgA deposition was
detected (not shown). Indirect immuno-
fluorescence studies using as a substrate
normal human skin obtained from a
healthy volunteer showed a high titer of cir-
culating IgG autoantibodies against the
dermal-epidermal junction (over 640-fold
dilution). These deposits mapped mostly to
the dermal side, and there was also some
partial or weak staining to the epidermal
side when 1 M NaCl-split human skin was
used as a substrate (fig. 2b). Immunoblot-
ting studies revealed that the majority of
the circulating IgG autoantibodies were di-
rected against a 200-kDa dermal protein
(fig. 2¢). In addition, IgG autoantibodies to
the noncollagenous 16th-A (NC16A) do-
main of Coll7 were present, demonstrated
by immunoblotting using recombinant
NC16A domain proteins as a substrate
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Fig. 1. Clinical features. Small and tense
blisters with pruritic erythema were found
on the trunk (a) and extremities (b). Note
the blisters on erythema tended to form in
an annular arrangement (c). The oral (d)
and genital mucosa (arrows; e) were also
involved.

(data not shown), as well as a BP180 ELISA
study with an index value of 33.6 (BP180
ELISA kit; MBL, Nagoya, Japan).

Initially, the patient was treated with 50
mg (1.0 mg/kg) oral prednisolone, 200 mg
minocycline and 1,500 mg nicotinamide
daily for 14 days. However, new blisters
continued to develop and most of these le-
sions resulted in deep ulcers (fig. 3a). She
was then treated with methylprednisolone
pulse therapy, 1,000 mg daily for 3 days,
which succeeded in reducing the disease
activity. The dose of oral prednisolone was
then gradually reduced. However, severe
scar formation remained on both hands
and feet (fig. 3b). Two years after initial
treatment, the patient’s condition is now
controlled with 1 mg oral prednisolone
taken daily, and there has been no recur-
rence of blister formation.

Discussion

Here, we report a severe case of anti-
p200 pemphigoid successfully treated with
systemic corticosteroids and methylpred-
nisolone pulse therapy. So far, 32 cases of
anti-p200 pemphigoid have been reported
inthe English-language literature (table 1).
In previously reported anti-p200 pemphi-
goid cases, the titers of IgG autoantibodies
directed against the dermal-epidermal
junction were relatively low (<400-fold di-
lution) by indirect immunofluorescence
[5, 6, 17, 18]. In our current case, the indi-
rect immunofluorescence titer was re-
markably high (>640-fold dilution). Al-
though it is still unclear whether the auto-
antibody titer can be correlated with
disease severity in anti-p200 pemphigoid,
the antibody titer has been reported to be
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related to disease activity in other an-
tibody-mediated autoimmune blistering
skin diseases [19-21]. Therefore, we pro-
pose that the severe clinical manifesta-
tions, including wide-spread blister for-
mation that developed into multiple sites
of ulceration, in the present case are most
likely due to very high titers of IgG autoan-
tibodies.

In this case, wide-spread blistering and
scar formation were characteristic. In other
autoimmune blistering skin diseases with
autoantibodies directed to proteins at the
dermal-epidermal junction, correlations
between clinical findings (including scar
and milia formation) and thelocation of the
target autoantigen have been made. For ex-
ample, in bullous pemphigoid, most of the
autoantibodies target the juxtamembra-
nous extracellular domain of Coll7, the

Goto-Ohguchi et al.
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Fig. 2. Histopathology. a A subepidermal blister with numerous
infiltrating neutrophils (arrows) and eosinophils (arrowheads)
was observed. b A directimmunofluorescence study demonstrat-
ed linear in vivo deposition of IgG and C3 along the epidermal
basement membrane. An indirectimmunofluorescence study us-
ing 1 M NaCl-split human skin as a substrate revealed that most
autoantibodies reacted to the dermal side (arrows) as well as some
weak staining on the epidermal side of the artificial split (arrow-

heads). DIF = Direct immunofluorescence; IIF = indirect immu-
nofluorescence. c Immunoblotting analysis with a patient’s serum
using normal human dermal extracts. Control epidermolysis bul-
losa acquisita serum reacted with the 290-kDa epidermolysis bul-
losa acquisita antigen (lane 1). Control serum from an anti-p200
patient (lane 2) and that from the present case (lane 3) reacted
with the 200-kDa anti-p200 pemphigoid antigen (arrowhead).

NC16A domain and intracytoplasmic
BP230. Both of them are present in the up-
per lamina lucida, and they seldom resultin
scar formation [22]. In contrast, both mu-
cous membrane pemphigoid and epider-

Severe Anti-p200 Pemphigoid

molysis bullosa acquisita are likely to result
in scar or milia formation {22-24]. Autoan-
tibodies in mucous membrane pemphigoid
and epidermolysis bullosa acquisita pa-
tients are directed against the C terminus of

Coll7 or laminin 5, and type VII collagen,
respectively. All of these autoantigens are
present along the lamina densa [25], or
comprise the anchoring fibrils under it {23].
In anti-p200 pemphigoid, autoantibodies

Dermatology 2009;218:265-271
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Fig. 3. Clinical features, 14 days after ini-
tial treatment. Note the deep ulcers on the
hand, foot and knee, which all resulted
from blisters (a). Thirty days after methyl-
prednisolone pulse therapy, scar forma-
tion was evident on the hands and feet

(b).

from patients react with the lower lamina
lucida [1-4]. Therefore, relatively deep pre-
sentation of anti-p200 pemphigoid autoan-
tigen might explain the ulcer formation,
which was similar to that observed in mem-
brane pemphigoid and epidermolysis bul-
losa acquisita. In fact, 5 cases of anti-p200
pemphigoid with scar formation have been
reported so far (table 1).

Most of the previous cases of anti-p200
pemphigoid have been successfully treated
with mild-to-moderate immunosuppres-
sive therapies [1, 6, 8, 9], while azathio-
prine [3, 18] and intravenous immuno-
globulin [13, 26, 27] have also been used in
some cases (table 1). In these severe anti-
p200 pemphigoid cases that are refractory
to oral prednisolone treatment, the most
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effective alternative treatments are still be-
inginvestigated. In our present case, meth-
ylprednisolone pulse therapy was effective
enough to reduce disease activity. So far,
only 2 other cases have been reported in
which methylprednisolone pulse therapy
was effective for the treatment of anti-p200
pemphigoid {13, 28]. Our present case in-
dicates that methylprednisolone pulse

Goto-Ohguchi et al.
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Table 1. Reported cases of anti-p200 pemphigoid in the English-language literature

- Scar for-

Patient Age, Clinical features _ Treatment
No.  years/sex .. _mation
1[1] 72/F BP-like 200/230 1:160 Cyclosporine
2 (2] 54/M BP-like 200 1:80 TC, colchicine
3[17] 31/F BP-like 200/210 1:10 Topical steroid
4 (8] 64/M DH-like 180/200 Systemic steroid
5{10] 72/M LABD-like 200 DDS
6[16] 64/M Vesicular pemphigoid-like 200 Systemic steroid, DDS
7 [16] 64/M Vesicular pemphigoid-like 200 Systemic steroid, DDS
8(7] 81/M BP-like 200 TC,NA
9 [14] 69/M BP-like 200/230 MINO
10[14] 70/M BP-like 200 TC, NA, systemic steroid
11[14] 54/M BP-like 200 Cyclosporine -
12[14] 76/M BP-like 200/230 Systemic steroid -
13 [5] 52/M BP-like 200 1:40 Topical steroid -
14 [6] 61/M BP-like 200 1:40 Systemic steroid, DDS -
15 [11] 66/F LABD-like 200 1:160 Systemic steroid, TC, DDS, -
plasmapheresis
16 [13] 51/M BP-like, LABD-like 200/260 1:400 Systemic steroid, IVIG, DDS, -
steroid pulse mycophenolate mofetil
1712]  28/M LABD-like 200 1:160 Systemic steroid, azathioprine +
18 [35] 49/M BP-like . 200 Systemic steroid, DDS -
19 [28] 29/F Vesicular pemphigoid-like 200/290 1:160 Systemic steroid, MINO, NA, -
steroid pulse
20 (9] 75/M DH-like 200 Systemic steroid, cyclosporine -
21 [3] 56/F Pompholyx-like 165/200 (ci3-sub-  1:80 Systemic steroid, azathioprine -
unit of laminin 5)
22{29] 52/F BP-like 200/290 1:32 Systemic steroid +
23[15] 17/F BP-like 200 1:320 Systemic steroid, DDS +
24 [36] 84/M 200 -
25 {36] 91/F 200 -
26 [36] 50/M 200 -
27 [36] 74/M 200 -
28 [26] 65/M EBA-like 200/290 Systemic steroid, DDS, cyclosporine, +
mycophenolate mofetil, IVIG
29 [18] 61/M BP-like 200 1:20 Systemic steroid, DDS -
30 [18] 45/M 200 Topical steroid -
31[(18]  Youngboy 200
32 [27] 64/F ALMMP-like 200/,-subunit Steroid, MINO, IVIG +
of laminin 5
Present  53/F LABD-like 180/200 >640-fold Systemic steroid, MINO, NA, +
case dilution  steroid pulse

BP = Bullous pemphigoid; DH = dermatitis herpetiformis; LABD = linear IgA bullous dermatosis; EBA = epidermolysis bullosa
acquisita; ALMMP = antilaminin 5 mucous membrane pemphigoid; IIF = indirect immunofluorescence; TC = tetracycline; DDS =
dapsone; NA = nicotinamide; MINO = minocycline; IVIG = intravenous immunoglobulin.

therapy might, therefore, be effective for
severe and refractory anti-p200 pemphi-
goid cases.

Interestingly, this case also had IgG au-
toantibodies directed against Coll7 pres-
ent. Coexistence of autoantibodies other
than anti-p200 autoantigen in anti-p200

Severe Anti-p200 Pemphigoid

pemphigoid is uncommon, but cases with
autoantibodies to the a3-chain of laminin
5 [3], the y,-subunit of laminin 5 [27] and
type VII collagen [28, 29] have been re-
ported (table 1). There has been only 1 case
reported previously in which autoantibod-
ies to both Coll7 and p200 autoantigen

were detected (table 1) [8]. In autoimmune
diseases, it is well known that autoanti-
bodies of patients in the later disease stag-
es are more likely to react with multiple
sites of autoantigens than those of patients
in early stages of the disease. Thisisknown
as ‘epitope spreading’ [30-32]. However, in

Dermatology 2009;218:265-271 269
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our case, IgG autoantibodies against Col17
could already be detected from the very
early stages when the patient initially pre-
sented at our clinic. IgG autoantibodies in
bullous pemphigoid patients have been re-
ported to be directly pathogenic as they
are able to induce separation of the dermis
and epidermis in vitro [33]. In addition,
IgG autoantibodies directed against the
NC16A domain in Coll7 from bullous
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Immunological Reconstitution after Autologous
Hematopoietic Stem Cell Transplantation in Patients
with Systemic Sclerosis: Relationship Between Clinical
Benefits and Intensity of Immunosuppression

TOSHIYUKI BOHGAKI, TATSUYA ATSUMI, MIYUKI BOHGAKI, AKIRA FURUSAKI, MAKOTO KONDO,

KAZUKO C. SATO-MATSUMURA, RIICHIRO ABE, HIROSHI KATAOKA, TETSUYA HORITA, SHINSUKE YASUDA,
YOSHIHARU AMASAKI, MITSUFUMI NISHIO, KEN-ICHI SAWADA, HIROSHI SHIMIZU, and TAKAO KOIKE

ABSTRACT. Objective. To analyze the relationship between clinical benefits and immunological changes in

patients with systemic sclerosis (SSc) treated with autologous hematopoietic stem cell transplanta-
tion (HSCT).

Methods. Ten patients with SSc were treated with high-dose cyclophosphamide followed by highly
purified CD34+ cells (n = 5) or unpurified grafts (n = 5). Two groups of patients were retrospectively
constituted based on their clinical response (good responders, n = 7; and poor responders, n = 3). As
well as clinical findings, immunological reconstitution through autologous HSCT was assessed by
fluorescence-activated cell sorter analysis, quantification of signal joint T cell receptor rearrange-
ment excision circles (sjTREC), reflecting the thymic function, and foxp3, a key gene of regulatory
T cells, mRNA levels.

Results. Patients’ clinical and immunological findings were similar between good and poor respon-
ders, or CD34-purified and unpurified groups at inclusion. The sjTREC values were significantly
suppressed at 3 months after autologous HSCT in good responders compared with poor responders
(p = 0.0152). Reconstitution of CD4+CD45RO- naive T cells was delayed in good responders com-
pared with poor responders. The phenotype of other lymphocytes, cytokine production in T cells, and
Joxp3 gene expression levels after autologous HSCT did not correlate with clinical response in good
or poor responders. Clinical and immunological findings after autologous HSCT were similar
between CD34-purified and unpurified groups.

Conclusion. Our results suggest that immunosuppression intensity, sufficient to induce transient sup-
pression of thymic function, is attributable to the feasible clinical response in patients with SSc treat-
ed with autologous HSCT. Appropriate monitoring of sjTREC values may predict clinical benefits
in transplanted SSc patients after autologous HSCT. (First Release May 15 2009; J Rheumatol
2009;36:1240-8; doi:10.3899/jrheum.081025)
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Systemic sclerosis (SSc) is an autoimmune disease charac-
terized by the presence of skin sclerosis, organ fibrosis, and
autoantibodies!. Despite extensive research on autoim-
munology and endotheliology, its pathophysiology has been
far from conclusive?3, The skin and organ manifestations of
SSc are, in general, slowly progressive and chronically dis-
abling. In some patients, however, they can be rapidly pro-
gressive and fatal due to organ involvements such as inter-
stitial pneumonia, arrhythmia, and renal failure. Severe
organ involvement frequently occurs within the first 3 years
of disease!. These clinical features affect daily living activi-
ty and life expectancy in patients with SSc.

Autologous hematopoietic stem cell transplantation
(HSCT) has been indicated for patients with autoimmune
diseases, resulting in great success particularly in patients
with SSc*10. Autologous HSCT is one of the treatments in
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patients suffering from hematological malignant diseases.
For the practice of autologous HSCT against those malig-
nant diseases, graft manipulation using antibody specific for
CD34, a marker of human hematopoietic stem cells, is usu-
ally essential to deplete malignant cells from the graft. On
the other hand, patients treated with CD34+-selected autol-
ogous HSCT (CD34-HSCT) may have infectious complica-
tions during hematological recovery more frequently than
patients treated with unselected autologous HSCT (unse-
lected-HSCT)!!. The graft manipulation was performed in
many patients with severe autoimmune diseases treated by
autologous HSCT in consideration of depleting autoreactive
lymphocytes and inducing profound clinical remission.
Meanwhile, it has been debated whether CD34+ cell selec-
tion in the graft is necessary or not™!2,

The difference in conditioning regimens is not related to
the clinical benefits, and about one-third of transplanted
patients do not benefit from these intensive immunosup-
pressive treatment®!3. Clinical response may depend on
profound qualitative immunological changes obtained by
autologous HSCT in patients with systemic lupus erythe-
matosus or multiple sclerosis'*13, Little is known as to why
and how patients with SSc have clinical benefits of auto-
logous HSCT. The aim of our study was to elucidate the
relationship between clinical effect and alteration of
immunological profiles in patients with SSc treated with
autologous HSCT.

MATERIALS AND METHODS

Patients. Our study was approved by the ethical committee of Hokkaido
University and written informed consent was obtained from all participants.
Thirty-one patients with SSc, all of whom met the American College of
Rheumatology preliminary criterial®, were screened for our study. All
patients developing SSc within the last 3 years onset fulfilled at least 1 of
the following: early rapidly progressive diffuse skin sclerosis despite con-
tinuing treatment, refractory skin ulcers, interstitial lung disease confirmed
by lung computed tomography (CT), reversible cardiac involvement such
as arrhythmia and cardiomegaly, renal involvement with hypertension, per-
sistent urinalysis abnormalities, and microangiopathic hemolytic anemia.
Patients were excluded from the study when they were over 60 years old,
or had uncontrolled arrhythmia, left ventricular ejection fraction on
echocardiography below 45%, carbon dioxide diffusion lung capacity
(DLCO) below 45% predicted, serum creatinine above 176.8 ymol/L. (2.0
mg/dl) and glomerular filtration rate (GFR) below 40 mli/min/m?. All
enrolled patients were evaluated clinically at the time of diagnosis and on
regular visits for followup.

Thirty-five healthy controls were also enrolled in the study.

Transplantation procedure and followup. The mobilization regimen com-
prised recombinant human granulocyte colony-stimulating factor (rhG-
CSF) and intravenous cyclophosphamide (4 g/m?). In 5 patients treated
with CD34-HSCT, enriched CD34+ graft, prepared using CliniMACS®
system (Miltenyi Biotec, Germany) was stored in liquid nitrate until use for
transplant, Graft manipulation was not performed in the next 5 patients
treated with unselected-HSCT.

We treated all SSc patients with intravenous cyclophosphamide (200
mg/kg, divided into 4 days) followed by autologous HSCT. thG-CSF was
administered from the second day of transplantation of frozen-thawed
autologous enriched CD34+ grafts or frozen-thawed autologous unselected
grafts. T cell depleting antibodies such as antithymocyte globulin, antilym-

phocyte globulin and anti-CD52 antibodies (Campath) were not adminis-
tered in our patients.

We assessed the improvement of skin sclerosis by the modified Rodnan
total thickness skin score (mRTSS). Electrocardiogram and echocardio-
graphy were used to evaluate the cardiac function, chest radiograph, chest
high resolution CT, and spirometry to evaluate pulmonary function,
renogram to evaluate renal function, and serological tests to assess other
organ involvement and the presence of autoantibodies.

Lymphocyte phenoryping. Peripheral blood mononuclear cells (PBMC)
were prepared from heparinized venous blood by Ficoll-Paque Plus®
(Amersham Biosciences Corp., NJ, USA).

We assessed the subpopulation of peripheral lymphocytes by immuno-
fluorescence staining of PBMC with anti-human CD3-Cy-Chrome,
CD4-fluorescein isothiocyanate (FITC), CDS8-FITC, CDI19-FITC,
TCRyS-FITC, CD3-phycoerythrin (PE), CD8-PE, CD45RO-PE, CD25-PE,
HLA-DR-PE, and CD69-PE (BD Biosciences Pharmingen, San Diego, CA).

The expression levels of interferon (IFN)-y and interleukin (IL)-4 were
studied in the cytoplasm of peripheral CD4+ or CD8+ T cells. Briefly, we
stimulated PBMC with phorbol myristate acetate (50 ng/ml) and ionomycin
(250 ng/ml) for 6 h in RPMI 1640 containing 10% heat-inactivated fetal
bovine serum and monensin (2 uM) at 37°C in 5% carbon dioxide. We eval-
uated the IFN-y or IL-4 expression on T cells by staining with
anti-CD3-Cy-Chrome, anti-CD8-FITC and -PE, anti-IFN-y-FITC, and
anti-IL-4-PE using Cytofix/Cytoperm Plus® (BD Biosciences Pharmingen)
according to the manufacturer’s instructions. Immunostained cells were
analyzed using a FACSCalibur™ flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA).

Quantification of thymic signal joint T cell receptor rearrangement excision
circles (sjTREC). Thymic sjTREC on genomic DNA from PBMC was
quantified by real-time quantitative polymerase chain reaction (PCR) (ABI
PRISM® 7000; Applied Biosystems, Foster City, CA) according to the
method of Douek, er al'?. The sjyTREC values were corrected by the per-
centage of CD3+ cells in the sample and were then expressed as numbers
of sjTREC/pg of CD3+ cells DNA according to the method of Farge, ef
al'8. Values were measured before autologous HSCT, then at 3, 6, and 12
months after autologous HSCT.

Quantification of foxp3 gene expression levels. Total RNA were isolated
from PBMC using TRIzol® reagent (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions. Total RNA (1 pg) was reverse tran-
scribed by ReverTraAce (Toyobo, Osaka, Japan), in the presence of
oligo(dT)12-18 primers (Invitrogen) according to the manufacturer’s
instructions, We performed real-time PCR using the ABI PRISM® 7000
Sequence Detection System and specific primers for foxp3 and gapdh from
TagMan® Gene Expression Assays (Applied Biosystems).

Statistical analysis. We used the Mann-Whitney U-test to analyze the dif-
ference among each value otherwise indicated. The changes in mRTSS and
phenotype of lymphocytes after the autologous HSCT were compared with
values at inclusion using the Wilcoxon signed rank test. Female-male ratio
in each group was assessed using Fisher’s exact probability test. The
sjTREC values in healthy individuals were assessed using the Spearman’s
correlation test. Calculations were performed using the statistical software
package JMP version 5.0 (SAS Institute Inc., Cary, NC). P values less than
0.05 were considered significant.

RESULTS

Between November 2000 and July 2006, 11 consecutive
patients meeting the criteria in our study were enrolled and
10 patients were transplanted out of 31 screened patients
with SSc for autologous HSCT treatment. One patient was
not transplanted because of her mobilization failure. First 5
patients were treated with CD34-HSCT. Subsequent 5
patients were treated with unselected-HSCT. The character-
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istics of patients treated with autologous HSCT are shown in
Table 1. Mean age at inclusion, mean mRTSS before mobi-
lization and mean durations from SSc onset to the treatment
were similar between patients treated with CD34-HSCT and
unselected-HSCT. Several treatments such as D-penicil-
lamine, prostaglandin derivatives, and corticosteroids were
not feasible for our patients. All patients were followed up
until July 2007 (40.7 = 25.6 mos).

Mean number of infused CD34+ cells was not different
between CD34-HSCT and unselected-HSCT groups. Mean
time needed to achieve a neutrophil count greater than 0.5 x
10%/1 and a platelet count greater than 50 x 1091 were not
different between 2 groups. Cytomegalovirus antigenemia
were shown in 3 patients out of all transplanted patients.
Patient 2 had hemophagocytic syndrome on day 6. Patient 3
had adenoviral hemorrhagic cystitis on day 14 and engraft-
ment syndrome on day 15. Patient 7 had engraftment syn-
drome on day 12. Hemophagocytic syndrome and engraft-
ment syndrome responded to corticosteroid administration.
Hemorrhagic cystitis was refractory to acyclovir, vidara-
bine, ganciclovir, or ribavirin. Patient 3 had the second
autologous HSCT using unselected grafts at 3 months after
first autologous HSCT using selected CD34+ cells due to
recurrent infectious diseases.

Four out of 5 transplanted patients have more than a 25%
fall in the skin score compared with baseline values in both

groups (Figure 1). Dermal thickness assessed by skin biop-
sy was also improved in these patients with clinical benefits
(data not shown). Additional unselected-HSCT at 3 months
after CD34-HSCT did not affect Patient 3’s skin manifesta-
tion. Cardiac and pulmonary functions were not altered sig-
nificantly through the treatment in all patients (data not
shown). Their serum level of y-globulin almost remained
normal range through autologous HSCT (data not shown).
Their serum level of anti-Scl70 antibodies reduced except
Patient 2 treated with CD34-HSCT (data not shown).
Transplantation related complications during hospitalization
are shown in Table 1. There was no significant difference in
the incidence of adverse events between both groups and no
transplantation related mortality.

We compared immunological reconstitution profile over
time between good and poor response groups, and between
CD34-HSCT and unselected-HSCT groups. First, we ana-
lyzed immunological reconstitution between good and poor
response groups. Clinical response to therapy was catego-

“rized into major, partial, or no response, or disease progres-
sion or relapse according to the method of Farge, et al'3,
According to the observed clinical response compared to
these criteria, 2 groups of patients were retrospectively con-
stituted: good response group, consisting of 7 patients with
sustained major or partial response, and poor response
group, consisting of 3 patients (Patient 5, 6, and 7) with no

Table 1. Patients’ profile at study inclusion and clinical findings at autologous hematopoietic stem cell transplantation (HSCT).

Patients Treated with CD34-HSCT Patients treated with Unselected-HSCT Mean + SD
1 2 3 4 5 6 7 8 9 10 CD34 Untreated P
Age, yrs 57 19 54 48 52 43 19 42 30 28 46.0+ 154 324x10.1 0.09%4
Sex, female:male M F F F M M F F F F 3:2 4:1 1.000
mRTSS, 0-51 38 28 25 15 32 32 17 26 23 20 27.6+86 23.6+58 0402
Disease duration, mo 21 31 21 12 36 16 24 18 8 12 242+94 156x6.1 0.141
Interstitial ppneumonia ~ — — + — + — + — — — — —_ —
GFR, ml/min 76.53 12143 101.43 11439 99.32 139.29 1203 101.8 82.62 10342 102.6 £ 17.2 109.5 = 21.3 0.465
DLCO % 83 66.8 522 909 83.8 92.5 54.7 1134 48 944 753+ 157 80.6£28.0 0.465
y-globulin, % 19.5 24.7 24.1 16.8 12.5 20.5 19.8 — 16.8 16.7 19551 185x20 0.712
Anti-Scl 70, index <5 923 2046 87 1586  16.1 128.2 <5 <5 202 92.8+90.2 69.3+91.5 0.597
Prior therapies PG PG,D, PG, PG,PSLD,PSL PG PG D,PSL D,PSL. PG e — -
PSL PSL
Mobilization G G+ G+ G+ G+ G+ G+ G+ G+ G+ — — —
CYC CYC CYC CYC CYC CYC CYC CYC CYC
Conditioning cYyc Cyc Cyc Cyc cyc cyc cyc CYC CYC CYC — — —
Infused CD34+ cells, 2.96 5.21 275 3.4 12.7 3.95 2.77 4.28 149 2.81 54+42 5752 0917
x 10%kg
Purity, % 96 95 90 93.53  96.39 — o — —— — 942 +26 — —
Neutrophils > 0.5 11 9 1 9 9 8 11 10 10 10 98+1.1 9.8+1.1 0914
x 10%1 (day)
Platelets > 50 x 10%/1 15 21 16 8 11 0 8 11 11 12 14250 84zx49 0.138
(day)
Transplant related CMV CMV, CMYV, — — — ES —_ — — e — —_
complications HPS HC, ES

mRTSS: modified Rodnan total thickness skin score; PG: prostaglandin derivatives; D: d-penicillamine; PSL: prednisolone; G: granulocyte-colony-stimulat-
ing factor; CYC: cyclophosphamide; CMV: cytomegalovirus antigenemia; HPS: hemophagocytic syndrome; HC: hemorrhagic cystitis; ES: engraftment syn-
drome; GFR: glomerular filtration rate; DLCO: diffusion capacity for carbon monoxide.
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