BLM injection. Serum IL-6 levels were undetectable by
enzyme-linked immunosorbent assay in all PBS-treated
mice, and in 3 of 11 C57BL/6 mice treated with BLM.
However, IL-6 was detectable, thus elevated, in 8 of 11
BLM-treated mice (Figure 1A), withamean of 11.9 = 5.24
pg/mL (n = 8). IL-6 mRNA expression showed a trend
toward increased levels in the skin of mice treated with
BLM that was not statistically significant (Figure 1B), and
was significantly elevated (P < 0.05) in the cutaneous
draining LNs of BLM-treated mice relative to PBS-treated
mice (Figure 1C). These results are consistent with a role
for IL-6 in the pathogenesis of scleroderma in the BLM-
induced mouse model.

MR16-1 Prevents BLM-Induced Dermal Sclerosis

We next investigated whether MR16-1, a rat anti-mouse
IL-6 receptor monoclonal Ab, could ameliorate the der-
mal thickening and skin hardening symptoms observed
in BLM-treated mice. Figure 2A shows the administration
schedule of preventive intervention. Dermal thickness
was significantly increased at the BLM injection site of
control Ab—treated mice, but nearly normal at the PBS
injection site of control Ab—, or MR16-1-treated mice.
Importantly, BLM-induced dermal thickening was signif-
icantly attenuated by prophylactic administration of
MR16-1 (Figure 2, B and C, Table 1).

Skin hardness in the BLM-injected group that was
given MR16-1 was also significantly reduced compared
to the BLM-injected group that was given the control Ab.
The ameliorating effect of MR16-1 on skin hardness was
relatively strong compared with the effect on dermal
thickness (Figure 2, B and D, Table 1).

To further examine the effects of MR16-1 treatment, the
numbers of a-SMA-positive fibroblasts (termed myofibro-
blasts) (Figure 2, E and F, Table 1) and mast cells (Figure
2, G and H, Table 1), both key players in sclerosis of skin
lesions, were evaluated. The numbers of myofibroblasts
and mast cells were significantly increased in BLM-in-
jected mice treated with control Ab relative to PBS-in-
jected mice treated with control Ab. In BLM-injected mice
treated with MR16-1, the numbers of myofibroblasts and
mast cells were decreased significantly compared to the
control value (BLM-injected mice treated with control Ab)
(Figure 2, E to H, Table 1). These results suggest that
treatment with MR16-1 might be effective during the fi-
brosing phase of scleroderma.

MR16-1 Improves BLM-Induced Dermal Sclerosis

Figure 3A shows the administration schedule of treatment
intervention. As expected, the dermal thickness and skin
hardness induced by BLM were diminished by therapeu-
tic administration of MR16-1 compared with control Ab
(Figure 3, B to D). The numbers of myofibroblasts and
mast cells in lesional skin were also decreased by ad-
ministration of MR16-1 compared with control Ab (Figure
3, E and F). Table 2 summarizes the data from two treat-
ment intervention experiments. These results indicate
that IL-6 may contribute to the pathogenesis of BLM-
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Figure 3. Effect of MR16-1 on BLM-induced dermal sclerosis in a treatment
model. A: Experimental protocol for treatment of BLM-induced dermal scle-
rosis by administration of MR16-1 or control Ab to either PBS- or BLM-treated
mice (n = 3~4 for each group). The effect of Ab therapy was assessed on
day 56. B: H&E staining of specimens derived from PBS- or BLM-injected
mice treated with MR16-1 or control Ab (original magnification, X40), and
measurements of dermal thickness (C) (the measurement region of dermal
thickness was indicated with the length of each two-headed arrow in B)
and skin hardness (D). The number of a-SMA—positive fibroblasts (E) and
mast cells (F) per HPF (X400) were determined by observation of 10 random
grids. The value graphed is the average of the observation of 10 grids for each
of the four mice in the group. C to F: Bars represent mean * SD. *P < 0.05,
*P < 0,01, one-way analysis of variance and Bonferroni post hoc multiple
comparison. Data presented are from the first of two independent experi-
ments with similar results. See Table 2 for data from both experiments.

induced scleroderma and that blockade of [L-6 receptor
may be a novel treatment of scleroderma.

IL-6 Directly Modulates a-SMA Expression in
Dermal Fibroblasts in Vitro
We next focused on whether dermal fibroblasts are a

target of IL-6. Nontreated primary dermal fibroblasts from
wild-type mice already express a-SMA, and stimulation
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with exogenous recombinant mouse IL-6 (rmiL-6) did not
alter a-SMA expression (Figure 4A). Further, highly ex-
pressed levels of endogenous IL-6 from nontreated cul-
tured primary wild-type dermal fibroblasts and de-
creased levels of a-SMA mRNA expression after MR16
treatment indicated that hyporesponsiveness of cultured
primary wild-type dermal fibroblasts to exogenous IL-6
was presumably due to the autocrine regulation of a-SMA
by IL-6 (Figure 4B). Thus, we switched to primary I-6KO
mouse-derived fibroblasts and evaluated «-SMA expres-

sion using immunofluorescent staining and Western blot
analysis. Low-level expression was observed in non-
treated /-6KO dermal fibroblasts, but stimulation with 1 or
10 ng/mL of rmlIL-6 induced a-SMA expression in a dose-
dependent manner (Figure 4A). «-SMA induction by
rmiL-6 was inhibited by 10 ng/mL. MR16-1 and also by the
ERK1/2 inhibitor PD98059 (Figure 4C).

These results led us to examine whether the positive
effects of clinical treatment with tocilizumab might corre-
late with reduced numbers of ERK-activated a-SMA-pos-
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itive dermal fibroblasts in lesional skin of scleroderma
patients. The number of Erk-activated a-SMA-positive
cells in lesional skin in scleroderma patients treated with

tocilizumab for 6 months was reduced to a similar levelas -

in healthy skin, whereas the number in scleroderma pa-
tients treated with 10 mg/day of prednisolone for 6
months without tocilizumab was diminished in one patient
and increased in two patients (Figure 4D).

Attenuated BLM-Induces Dermal Sc/eroéis in
I-6KO Mice

To investigate the role of IL-6 in BLM-induced dermal
sclerosis, [-6KO mice received subcutaneous injection of
BLM or PBS for 4 weeks, and histological and physical
examination of the lesional skin was performed (Figure
5A, Table 3). We found that BLM-induced dermal sclero-
sis in [-6KO mice was attenuated compared with that in
wild-type mice. Lack of visible changes in the skin be-
tween PBS-treated /-6KO mice and PBS-treated wild-
type mice indicated that IL-6 might not be involved in
dermal homeostasis (Figure 5A). After 4 weeks of BLM
treatment, dermal thickness and skin hardness in /-6KO
mice were significantly attenuated compared to wild-type
mice (Figure 5A). The numbers of a-SMA-positive cells
and mast cells in BLM-treated [-6KO mice were signifi-
cantly reduced compared to BLM-treated wild-type mice
(Figure 5B). Table 3 summarizes the data from two ex-
periments. These results indicate that IL-6 is likely to play
an important role in promoting the fibrogenic responses
elicited by BLM treatment.

Enlarged Draining LNs Are Reduced in Size by a
Block of IL-6 in the Mouse Model and in a
Patient with Scleroderma

We found that cutaneous draining LNs were visibly en-
larged by BLM treatment in the scleroderma model mice,
but not by PBS treatment (Figure 6A, Table 4). The total
LN cell count per LN in control Ab-treated BLM-injected
mice was significantly increased compared with control
Ab-treated PBS-injected mice, and decreased by admin-
istration of MR16-1 to BLM-injected mice. Although it was
only from a single experiment with a small number of
mice, the weight per LN also showed similar findings to
the results of the total LN cell count per LN. However, no
histological differences were observed between LNs
from BLM- and PBS-injected control Ab-treated mice
(Figure 6A). Detailed cell fractionation analysis (using
cell-surface antigens CD4, CD8, B220, CD11c, F4/80,
and PDCA1) of cells isolated from the draining LNs re-
vealed that the ratio of PDCA17CD11c™ double-positive
cells [plasmacytoid dendritic cells (pDCs)] was signifi-
cantly increased in the draining LNs of prophylactically
MR16-1-treated model mice (Figure 6B). Further, drain-
ing LNs were not grossly enlarged in BLM-treated /I-6KO
mice (Figure 6C, Table 4), consistent with weight and
total cell count per LN measurements in the normal range
(Figure 6C).
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Figure 5. Attenuated BLM-induced dermal sclerosis in 7/-GKO mice. A: H&E
staining of skin specimen derived from PBS- and BLM-treated wild-type (WT)
and II-GKO mice (original magnification X 40), and measurements of dermal
thickness (lower left panel) and skin hardness (Jower right panel). The
length of the two-headed arrows indicates the measurement region of
dermal thickness. B: The number of a-SMA-positive fibroblasts (left panel)
and mast cells (right panel) per HPF (X400) was determined by observation
of 10 random grids. A and B: Bars represent mean * SD (12 = 4 for each
group). *P < 0.05, *P < 0.01, one-way analysis of variance and Bonferroni
post hoc multiple comparison. Data presented are from the first of two
independent experiments that yielded similar results, and Table 3 presents
data from both experiments.

We then examined whether LNs were enlarged in a
patient with scleroderma, and found swelling of axillary
LNs on computed tomography scan (Figure 6D), which
was not detected after the administration of tocilizumab
(Figure 6D).

Discussion

Our study demonstrates the critical role of IL-6 in dermal
sclerosis. Blockade of IL-6 receptor with MR16-1 in the
BLM-treated mice alleviates dermal sclerosis. This report
also addresses outstanding problems in scleroderma
pathogenesis, including the target of IL-6.

The source(s) of the elevated IL-6 in the sera of pa-
tients with scleroderma are still unclear. Several lines of
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evidence suggest peripheral blood mononuclear cells
are a source. The supernatant concentration of IL-6 was
reported to be statistically significantly elevated in pe-
ripheral blood mononuclear cells®2%2" and in T-cell
lines® derived from patients with systemic sclerosis com-
pared with healthy controls. It also has been reported that
experimentally activated B cells might be prone to pro-
duce IL-6.2222 Other lines of evidence implicate dermal
fibroblasts as an important source of IL-6.7%24-2% |n this
report, although the expression of IL-6 mRNA in both
lesional skin and draining LNs was increased by BLM
treatment, the specific cell type producing IL-6 was not
identified. Further studies are required to clarify the
source(s) of IL-6.

How does secreted IL-6 contribute to the pathogenesis
of scleroderma? IL-6 might modulate a-SMA expression
in dermal fibroblasts and induce myofibroblasts, which
are known to produce collagen® and induce sclerotic
change.' " We observed IL-6 effects on a-SMA expres-

sion from /-6KO dermal fibroblasts in vitro in this study
(Figure 4A). Unexpectedly, nontreated cultured wild-type
dermal fibroblasts strongly expressed a-SMA (Figure
4A), the expression of which was not affected by exog-
enous IL-6, whereas MR16-1 treatment decreased the
expression of a-SMA mRNA (Figure 4, A and B). There-
fore, continuous autocrine production of IL-6 by wild-type
cultured dermal fibroblasts might increase the threshold
for reactivity to IL-6. ‘

Furthermore, in both prevention and treatment proto-
cols with MR16-1, the reduction in dermal sclerosis was
accompanied by decreasing numbers of myofibroblasts,
which are known as activated fibroblasts with strong fi-
brogenic property. The absence of myofibroblasts at the
BLM injection site of I-6KO mice indicates that |L-6—
induced dermal sclerosis occurs via induction of myofi-
broblasts. Thus, we hypothesize that MR16-1 and tocili-
zumab have favorable effects on scleroderma via
prevention of fibroblast activation. Administration of tocili-
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zumab to scleroderma patients exhibited ameliorating
effects of skin sclerosis,™ and seemed to reduce the
number of Erk-activated a-SMA-positive fibroblast in le-
sional skin (Figure 4D). These findings were inconclusive
because of the number of cases, and further studies were
required.

Another finding was reduction of LN swelling by
MR16-1 treatment in mice in the BLM-induced model of
scleroderma. We could not determine whether the LN
swelling associated with BLM treatment was a cause or
effect of BLM-induced skin sclerosis. Examination of the
differential ratios of leukocytes, such as T cells, B cells,
and macrophages, did not give any insight, as these
were not altered after 4 weeks of BLM injection (data not
shown). However, there was a slight, but significant, in-
crease in the numbers of cells double-positive for PDCA-
1*CD11c™ (Figure 6D) or B220"CD11c* (data not
shown) in the draining LNs of MR16-1-treated mice rel-
ative to control Ab-treated mice in the prevention model.
This suggests that IL-6 might affect pDC numbers in the
LNs. LN swelling is not a well-known symptom in sclero-
derma, and only a few articles describe LN findings in
scleroderma.®! We should keep an eye on such symp-
toms.

Recent studies have indicated that pDCs may promote
scleroderma via secretion of type 1 interferon,®2 and in-
duction of type 1 interferon was found by anti-topoisom-
erase antibody-containing serum, but not by anti-centro-
mere antibody.®#®* However, other data suggest MHC
class ll-restricted antigen presentation by pDCs might
inhibit T-cell-mediated autoimmunity via selective expan-
sion of Ag-specific natural regulatory T cells.®** Because
MHC class Il-restricted proliferation of CD4" T cells had
been previously thought to contribute to the pathogene-
sis of scleroderma,®® one could speculate that an in-
creased ratio of pDCs might prevent skin sclerosis via
regulating peripheral tolerance. However, it is clear that
the function of pDCs in pathogenesis of scleroderma is
complex and needs further study.

The clear positive effects of IL-6 inhibition in mouse
models with scleroderma indicate that further study of
|L-6-secreting cells, effectors, and signaling in sclero-
derma holds great promise for the development of ther-
apies for scleroderma, as well as for other diseases in
which IL-6 can play a pivotal role.
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A Novel Application of Topical Rapamycin
Formulation, an Inhibitor of mTOR,

for Patients With Hypomelanotic Macules
in Tuberous Sclerosis Complex

uberous sclerosis complex (TSC) is an antosomal
dominant disease characterized by systemic ham-
artomas. Two genes, TSCland TSCII, which encode
hamartin and tuberin, are responsible [or TSC. The complex
of hamartin and tuberin inhibits the mammalian target of
rapamycin (mTOR),! which has numerous functionsin the
regulation of protein synthesis and cell growth. The consti-
tutive activation of mTOR is associated with abnormal cel-
lular proliferation, which causes TSC-related hamartomas.
Recent reports suggest that inhibitors of mTOR, such

as rapamycin, may be effective for the treatment of TSC-

related tumorigenesis, including lacial angiofibroma.>?
However, the elflicacy of rapamycin for hypomelanotic
macules is still unknown. We herein report 2 cases of hy-
pomelanotic macules in TSC successfully treated with a
topical rapamycin, 0.2%, formulation.

Report of Cases. Case 1. An 8-year-old boy presented with
facial angiofibromas, multiple hypomelanotic macules,
and shagreen patches. He had epilepsy but no mental ab-
normalities and showed cortical tubers and subependy-
mal nodules on brain magnetic resonance imaging (MRI).
The hypomelanotic macule and angiofibromas on the face
were treated with rapamyein gel, 0.2% twice a day [or
12 weeks.

Case 2. A 2-year-old boy presented with skin symp-
toms similar to those in case 1, refractory epilépsy, men-
tal retardation, and cortical tubers on brain MRI. The hy-

Figure. Clinical images. Hypomelanotic macules (white arrows) hefore treatment (A and C) disappeared after treatment with rapamycin gel, 0.2% (B} and
ointment (D). Both angiofibromas (A) and red plaque (G) (black arrows) were reduced by the rapamycin treatments (8 and D).
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pomelanotic macule and red plaque on the face were
treated in the same manner, using rapamycin, 0.2%
ointment.

Both cases were sporadic cases and were diagnosed
as definitive TSC according to Roach’s clinical diagnos-
tic criteria* and had no treatment belore the rapamycin
treatment. At the end of the treatment, the hypomela-
notic macules in both cases were improved, with no dil-
ference in efficacy with regard to their different pheno-
types. The angiofibromain case 1 and red plaque in case
2 also improved (Figure). No adverse effects were ob-
served by laboratory tests or on the skin, and the serum
rapamycin concentranons were under the detection lint
(0.3 ng/mL). Three months alter stopping the treat-
ment, only the angiofibromas recurred in case 1, while
hypomelanotic macules also slightly recurred with red
plaque in case 2.

This study was approved by the ethics committee of
Osaka University Faculty of Medicine, and informed con-
sents were obtained from all patients.

Comment. The pathogenesis of hypomelanotic macules
due to TSC has not yet been well mvestigated. One his-
tologic mvestigation showed that hypomelanotic mac-
ules due to TSC have a normal number of melanocytes
with poorly developed dendritic processes and that the
melanosomes decrease in number. size, and melaniza-
tion.” Hypomelanotic macules due to TSC may arise from
abnormal melamization or melanmmn transport. Rapamy-
cin has been shown to mcrease the transcripuon of mi-
crophthalmia transcription factor (MITF), which 1s 1m-
plicated in melanogenic gene expression, and to induce
melanization in melanoma cells.® Therelore, the topical
application of rapamycin for hypomelanotic macules due
to TSC seems to be a rational and efflective treatment
strategy.

Based on our findings, topical rapamycin formula-
tion appears to be a useful and safe treatment for the hy-
pomelanotic macules arismg in patients with TSC. Our
result also indicates a novel function of mTOR in mela-
nocytes and a new climcal application for rapamycin.
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Atypical Gingivitis Heralding a Case
of Orofacial Granulomatosis

rofacial granulomatosis is a disorder of the oro-

facial solt uissues charactenzed clinically by re-

current to persistent lip and facial swelling and
histopathologically by noncaseating granulomatous in-
flammation, lymphangiectasia, and perivascular lympho-
cytic inflammation.'? It is a diagnosis of exclusion con-
sidered to represent a spectrum of clinical entities
including cheilitis granulomatosa and Melkersson-
Rosenthal syndrome. We describe herem a case of granu-
lomatous stomautis presenting with atypical gingivius
consistent with orofacial granulomatosis. Since granu-
lomatous stomatitis may be a marker for systemie dis-
ease, 1t 15 imperative to rule out other potentially asso-
ciated conditions.

Report of a Case. A 60-year-old white woman pre-
sented with a 3-year history of tender, swollen gums and
progressive hoarseness. She denied a history of atopy and
was unaware of a food that exacerbated the symptoms.
Removal of gingival tissue during a debulking proce-
dure showed focal erosion, a dense lymphoplasmacytc
infiltrate, and scattered noncaseating granulomas on his-
topathologic analysis. Over the previous 5 months, she
had experienced uncomfortable swelling of her left buc-
cal mucosa in addition to ongoing gingivitis. The pre-
sumptive diagnosis was foreign-body gingivits.

On physical examination, no facial palsy was noted.
The left buccal mucosa was boggy with orange-yellow
discoloration, and the attached gingiva showed mild
erythema (Figure 1). With nasolaryngoscopy, an exo-
phytic mass was apparent on the anterior commissure
of the vocal cords. This was subsequently found to be a
squamous papilloma (believed to be unrelated). Gingi-
val and mucosal biopsy specimens showed focal lichen-
oid mucositis with submucosal noncaseating granulo-
mas suggestive of sarcoid (Figure 2). No foreign body
was detected, and findings of periodic acid-Schiff dia-
stase, Grocott methenamine-silver, and acid-fast bacilli
stains; tissue cultures; and direct immunofluorescence
studies were all negatve. Inflammatory bowel disease
was excluded through normal or negative findings of
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Background Dysregulation of mTOR signalling by mutations in tuberin and/or
hamartin leads to the formation of tuberous sclerosis complex (TSC). Trials to
treat TSC using mTOR inhibitors, including rapamycin, have been performed.
Although rapamycin improves many TSC lesions, significant side-effects appear
after systemic administration. Topical administration has been recommended.
Objectives The efficacy of rapamycin—tacrolimus ointment was examined for
TSC-related angiofibroma.

Methods Lefi—right comparisons of the tacrolimus ointments with/without 0-2%
rapamycin was conducted in symmetrical facial angiofibromas in nine patients
with definitive TSC. After the 3-month treatment, a cumnulative score for redness,
flatness and papule size was used to evaluate the efficacy of the treatment. Blood
rapamycin levels were analysed by liquid chromatography-electrospray mass
spectrometry (LC-ESI/MS).

Results At the end of the treatment, all of the scores significantly improved for
rapamycin—tacrolimus (reatment compared with tacrolimus alone. No adverse
reactions were noted and blood levels of rapamycin were below the detection
limit in all cases.

Conclusions Topical application of rapamycin—tacrolimus ointment is a safe and
useful treatment for TSC-related angiofibroma.

Tuberous sclerosis complex (TSC) is an autosomal dominant
disease characterized by hamartomas. Two genes, 1SC1' and
1SC2,* encoding hamartin and tuberin, are responsible for
TSC. Hamartin and tuberin are physically associated in vivo, are
active in the same complex, and inhibit the mammalian target
of rapamycin (mTOR).> Mutations of TSCI or TSC2 cause
abnormalities in hamartin or tuberin, resulting in the defects
in mTOR signalling inhibition. mTOR is a protein kinase with
many functions in protein synthesis and growth. The constitu-
tive activation of mTOR is associated with abnormal cellular
proliferation, which occurs in TSC-related hamartomas.

These observations suggest that mTOR inhibitors, such as
rapamycin, may represent a new therapy for TSC. Oral
administration of rapamycin was effective for astrocytomas,
renal angiomyolipomas, lymphangioleiomyomatosis and facial
angiofibromas associated with TSC.*” Although the oral
administration of rapamycin reduced the tumours, many side-
effects developed, and re-growth of the tumours occurred
afler discontinuing administration. Therefore, the topical

912

administration of rapamycin is recommended for skin lesions.
Although 1% rapamycin ointment has been reported to be
another
case needed co-treaument with orally administered rapamy-

effective in one case of TSC-related angioﬁbroma,9

cin.'® Purther evaluation of the topical treatment in patients
with TSC is necessary.

Rapamycin is a large molecule, and it is difficult to make an
easily absorbed ointment. Tacrolimus is similar to rapamycin
in its structure. Tacrolimus and rapamycin bind to FK-binding
protein 12 (FKBP12) in a competitive manner. The complex
of tacrolimus and FKBP12 functions as a calcineurin inhibitor,
while the complex of rapamycin and FKBP12 functions as an
mTOR inhibitor. In this study, rapamycin was mixed in 0:03%
tacrolimus ointment (Protopi(:@; Astellas, Tokyo, Japan).

Materials and methods

We developed a 02% rapamycin ointment by mixing
Rapamune® (rapamycin for internal use; Pfizer, New York,

© 2011 The Authors
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Table 1 Patients with tuberous sclerosus complex (TSC) who participated in the rapamycin ointment therapy and their final, end point score

Neural : MRI evidence Property/
) symptoms : _ shape/size Speed of

Patient Geno  (autism/mental Cortical Renal Pulmonary of the skin Severity of  Colour of new appearance

no. Sex Age Familial - type  retardation) Epilepsy tuber SEN involvement involvement lesions skin lesions  skin lesions and growth Final score®
1 M~ 20  Sporadic " I5C2 + Y Y Y Cyst MMPH Papule - - Medium Red Moderate 2
2 M 9. - Sporadic ND . — Y Y N Cyst ND Papule Medium Red High 4
3b F 30 - Sporadic ISC2 <~ Y Y Y AML LAM Plaque Severe Red Moderate 2
4 M - 11 Sporadic. ISCI =~ A+ Y Y Y N ND - Papule Medium Normal skin colour Moderate 3
5 F 14 - Sporadic ' NMF A+ Y Y - Y AML ND : Papule Medium Red Slight 2
6 F 46 . Sporadic TSC2 +° Y Y Y AML - LAM - Papule, erythema  Medium Red Slight 2
7° F 38  Sporadic' ND = Y Y Y AML LAM, MMPH  Papule, nodule Medium Red Moderate 3
8 F 11 -Sporadic . NMF ~ A++ Y Y Y N ND Small papule Slight Red - " High 4
9b F 17 Sporadic “NMF = A++ Y Y Y AML cyst ~  NF Plaque Severe Red Moderate 15

-, no mental retardation; -+, slight mental retardation; ++, severe mental recardation; A, autism; AML, renal angiomyolipomas; LAM, lymphangioleiomyomatosis; MMPH, multifocal micronodular
pneumocyte hyperplasia; MRI, magﬁetic resonance imaging; N, no; ND, not done (genotyping or pulmonary testing); NF, no evidence of LAM and MMPH was found in spite of pulmonary examina-
tions; NMF, no mutation found in either ISCZ or TSC2 gene; SEN, subependymal nodule; Y, yes. “To.assess the target lesions, a.cumulative sign. score of target angiofibromas on a scale of 0—4 for red-
ness, flatness and papule size was used. A > 80% improvement of redness, thickening and papule size received a score of two points, a 50-80% improvement was defined as one point, and a 20~50%
improvement was given 0-5 points. The total of each score assessed by ‘two independent evaluators was added to provide the cumulative score. The final score in the far right column is the average of
the total score of the size, redness and flatess. "Patient is shown in Figure 2.

€16 v Jo epauey-edeiepy "W OSL 10j snwijosoel pue upAwedel jo Adelayl uojleuiquios jedsdo



914 Topical combination therapy of rapamycin and tacrolimus for TSC, M. Wataya-Kaneda et al.

NY, US.A) in 0:03% tacrolimus ointment as a vehicle. Nine
patients, three, males and six females, aged 9-46 years,
diagnosed with definitive TSC according to the clinical diag-
nostic criteria of Roach et al.'’ were enrolled in this study. A
of 0:03%
with/without 0-2% rapamycin was conducted in the nine
patients with TSC with symmetrical facial angiofibroma
(Table 1). Each angiofibroma of 20 an’ was treated with the
ointments twice daily afier tape stripping for 3 months. In all
patients, haematological and biochemical examinations were

left-right  comparison tacrolimus  ointment

done before and after (reaunent. Blood rapamycin levels were
analysed by Liquid chromatography - electrospray ionization
mass spectrometry (detection limit: 0-3 ng mL™") after treat-
ment. Patients were assessed at 0, 2, 6 and 12 weeks during
treatment as shown in Figure 1.

This study was approved by the ethics committee of Osaka
University Faculty of Medicine and was disclosed o the
University Hospital Medical Information Network. Informed
consent was obtained from all patients.

Data were analysed with Student’s t-test for paired data.

Results

Patient information and the scores at the end of the topical
combination therapy are shown in Table 1. We assessed all
the items at each time point (Fig. 1). All the scores at the end
of the combination treatment with rapamycin and tacrolimus
significantly improved compared with the side treated with
tacrolimus alone. In patients 2 and 8, in whom the initial
angiofibroma was slight, almost all the papules disappeared

(a) General
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Fig 1. The effects on angiofibromas at each time point of 0-2% rapamycin ointment containing 0-03% tacrolimus or control ointment containing

0-03% tacrolimus were assessed by scoring the papule size (b), redness (c) and flamess (d) of the lesions. The general score (a) was the average

of the total score of the size, redness and flamess. To assess the target lesions, a cumulative sign score of target angiofibromas on a scale of 0—4

for redness, famess and papule size was used. A > 80% improvement of redness, thickening and papule size received a score of two points, a
pap P g pap p

50-80% improvement was defined as one point, and a 20~50% improvement was given 0.5 points. The totals of each score assessed by two

independent evaluators were added to provide the cumulative score. Each point shows the mean * standard deviation of the score of nine
patients. Statistical significance was determined as *P < 0-05, **P < 0-01 and ***p < 0-001.
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completely. In patients 1, 4 and 7, many papules either disap-
peared or diminished. In patients 3 and 9, many plaques
diminished, although the scores were not very high because
the initial tumour volumes were large. Conversely, patients 5
and 6 showed only mild effects (Table 1). Representative
photographs of patients 3, 7 and 9 are shown in Figure 2.

All symptoms, except papule size, began to improve during
the 6th week after treatment started. Flamess improved the
most. One month after stopping the treatment, redness
increased to 60-80% of baseline, but the reduction of papule
size and flamess continued. Tacrolimus alone induced a little
improvement in angiofibroma, but the efficacy was much lower

than that of the combination treatment, and the scores returned
to the baseline 1 month afler stopping the treatment (Fig. 1).

None of the patients suffered from contact dermatitis
or had abnormal laboratory results (data not shown). Blood
levels of rapamycin were below the detection limit in all
cases.

Discussion

The rapamycin—tacrolimus ointment had a significant effect on
TSC angiofibroma, and was more effective than tacrolimus
alone (Fig. 1). When we treated patients with facial angiofibro-

Fig 2. Angiofibromas in patients no. 7 (a, b), no. 3 (c, d) and no. 9 (e, f). (a) Angiofibroma was seen on both cheeks before the wreatment.
Typical papules (arrowhead) and redness (arrow) were detected on the left cheek before treatment. (b) Twelve weeks after starting the treatment,
the angiofibroma on the left cheek (treated with the rapamycin—tacrolimus ointment) was reduced compared with that on the right cheek treated
with tacrolimus ointment. A dramatic reduction of the papule size (arrowhead) and redness (arrow) was achieved by the rapamycin—tacrolimus
ointment. (c) A typical butterfly-shaped angiofibroma was seen on the nose and cheeks before treatment. The circle indicates the area of topical
treatment with the tacrolimus ointment alone (right cheek) and rapamycin—tacrolimus ointment (left cheek). (d) Twelve weeks after the
treatment, the angiofibroma on the left side was improved, especially in terms of the redness, by the rapamycin—tacrolimus ointment. The
improvement was restricted to the area treated with the rapamycin~tacrolimus ointment. (e) A typical butterfly-shaped angiofibroma was
distributed from the nose to both cheeks before treatment. The arrow indicates a typical plaque of angiofibroma on the right cheek before the
weatment. (f) Twelve weeks after initiating the treatment, the plaque of the angiofibroma on the right cheek treated with the rapamycin—
tacrolimus ointment was improved, especially in terms of the size and flatness of the papules. The arrow indicates the improvement of the plaque

by the rapamycin-tacrolimus ointment.

© 2011 The Authors
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mas using 0-03% tacrolimus cintment in the past, no improve-
ment was observed. Therefore, some of the improvement of
the angiofibroma noted as due to the tacrolimus alone may
have been due to the stripping, not to the effects of tacrolimus.
However, it is possible that the combination of rapamycin and
tacrolimus may have led to synergistic activity, as the efficacy of
rapamycin alone was not evaluated. It will be necessary to make
an effective vehicle without tacrolimus to address this concern.

The topical combination treatment was effective in all nine
patients. Patients with rapidly growing tumours seemed to
respond better to the treatment. No other factors appeared to
affect the efficacy of the wreatment on the skin symptoms,
although age may also have a minimal effect on the efficacy
(Table 1). One month after stopping the treatment, all of the
symptoms recurred (especially the redness), although they did
not return to baseline levels (Fig. 1).

There were no side-effects or abnormal laboratory data, and
no transfer of rapamycin to the blood, in any of the nine
patients. Considering these results, the topical combination
therapy of rapamycin and tacrolimus appears to be safe and
effective for the weatment of TSC-related angiofibroma.

Topical combination therapy also represents a promising
treatmment for skin lesions of mTOR-related neurocutaneous
syndromes, such as neurofibromatosis type 1,'> Birt—Hogg—

Dubé syndrome’? and Cowden syndrome.'*
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Repigmentation of leukoderma in a piebald patient associated
with a novel ¢c-KIT gene mutation, G592E, of the tyrosine kinase
domain

Piebaldism (MIM 172800) is an autosomal dominant disorder
showing localized poliosis and leukoderma of the frontal scalp,
forehead, ventral trunk, and extremities. On the other hand, vitiligo
is an acquired pigmentation disease, and the white patches
distributed typically in an acral and periorificial regions. The
depigmented regions have been believed to be stable with
piebaldism because of the congenital absence of melanocytes in
those regions involved, whereas, the size and the distribution of
depigmented macules alters in vitiligo by a selective destruction of
the melanocytes.

The c-KIT gene is located on chromosome 4q12 and encodes a
type HI tyrosine kinase receptor, ¢-KIT. The c-KIT protein functions
as a receptor for stem cell factor (SCF), and mutations of the c-KIT
gene are identified in 75% of subjects with piebaldism [1,2]. This c-
KIT-SCF interaction is essential for melanocyte development,
proliferation, survival, and migration. The binding of SCF to c-KIT
initiates dimerization of c-KIT, which induces transactivation and
auto-phosphorylation of tyrosine residues within the intracellular
tyrosine kinase domains, followed by binding of signal transduc-
tion molecules [3]. Accordingly, mutations within the tyrosine
kinase domain induce a severe phenotype of piebaldism because of
their dominant negative effect [4]. Alarge number of subjects with
piebaldism have intracellular mutations of ¢-KIT, and most of the
patients with these mutations have severe phenotypes. On the
other hand, there are several flame shift mutations and certain
intracellular point mutations investigated with moderate pheno-
type including recent reports [5-7].

A 5-year-old Japanese female had a white section of hair in the
front of her scalp, and leukoderma on her frontal scalp, forehead,
abdomen, and knees. She also had hyperpigmented macules on her
trunk and frontal thighs (Fig. 1). Her 35-year-old father had both
leukoderma and hyperpigmentation with similar distributions
(data not shown). We found progressive repigmentation within the
leukoderma region on the patient's knees during inspections
performed at 2 year intervals (Fig. 1). Her father had also inquired
about progressive repigmentation within his leukoderma around
his knees.

The parents provided written informed consent for their
daughter's participation, and the study was approved by the
Genetic Ethics Committee of Kinki University. We amplified the c-
KIT gene by polymerase chain reaction (PCR) from genomic DNA of
peripheral blood leukocytes obtained from the patient and her
father, and the nucleic acid sequence of the c-KIT gene was

* Funding source: Funded by the grant from the Ministry of Education, Culture,
Sports, Science and Technology of Japan and the grant from the Ministry of Health,
Labor and Welfare of Japan.

analyzed by direct sequencing [5]. The identified mutation in ¢-KIT
was confirmed by three independent sequencing reactions from
the patient’s DNA and one sequencing study of her father's DNA.
The PCR products of exon 12 in the ¢-KIT from the patients (father
and daughter) and 110 healthy volunteers were analyzed by a
single strand conformational polymorphism analysis as described
[8].

We found that there was a missense substitution at the 5’ first
codon of exon 12 (Fig. 2). The G to A mutation at nucleotide
position 1775 of the coding region of ¢-KIT resulted in an amino
acid substitution from glycine to glutamic acid at position 592
within the intracellular tyrosine kinase domain. The substitution
was not present in any of the 110 healthy controls, suggesting that
the substitution is not a usual polymorphism but a novel mutation
related to piebaldism.

Glycine 592 is conserved among fms family kinases (CSF-1,
PDGFR), and is located 4 amino acids upstream from the ATP-
binding motif (G-X-G-X-X-G), which is highly conserved among
tyrosine kinases [3]. Hypopigmentation due to a L595P mutation
located at one amino acid upstream of that motif was reported to
be extensive, because L595 was included in ATP binding region [9].
However, the piebald phenotype of the present case was not
severe, and G to E conversion of 4 amino acids upstream of G-X-G-
X-X-G is also found in C-SRC kinase. Therefore 592G might affect
activation of fms family kinase receptors regardless of ATP-binding
capacity. Therefore G592E mutation may result in loss of function,
which phenotype exhibits more mild than that by L595P mutation.

Alternatively, because G1775A is located at the first codon of
exon 12 and the mutated allele is ctacagAGAAAA. In this situation,
an aberrant splicing can occur as ctacagagAAAA according to the
GT-AG splicing rule. This aberrant splicing resulted in a frame sift
mutation, and produced nonsense mRNA Consequently the
presented mutation could be consequent to a loss of function.

Piebald patients with pigmental restoration of hypopigmented
regions have been investigated in several previous studies, and a
mild or modulate phenotype rather than a severe phenotype was
observed. In those cases, frame shift mutations in the gene coding
for the tyrosine kinase domain of ¢-KIT were identified [4]. It is
conceivable that the intracellular frame shifts resulted in loss of
function in only half of the ¢-KIT molecules, resulting in a mild or
moderate phenotype.

Melanocytes were considered to exist within the repigmented
regions in the present patients and the patients previously
reported [4], and the possible existence of melanocytes was
formerly investigated within the leukoderma of piebald patients
[10]. Furthermore, it has been reported that the repigmented
regions were either forehead or knees, which were easily exposed
to sunlight [4]. A considerable number of intact c-KIT dimers on the
melanocytes within these restricted regions of leukoderma may be
required for repigmentation of the piebald patients in the presence
of sunlight long after birth. Further investigations will be expected

0923-1811/$36.00 © 2011 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.,jdermsci.2011.08.006
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Fig. 1. (a) Leukoderma on the abdomen; (b) small pigmented patches on the back without leukoderma; (c) the white hair on front area of the patient’s scalp (white forelock);
(d) leukoderma around the popliteal fossas; (e) leukoderma with small pigmented patches around the knees at 5 years of age; (f) several new pigmented patches (indicated

with blue arrows) emerged on the leukoderma around the knees at 7 years of age.

(a intron 11 exon 12
CTTCCTTCTACAGNGAALACCCT GGG

(b) intron 11 exon 12
CTTCCTICCTACAGGGAAAACCCT GG

Fig. 2. (a) Genetic analysis of c-KIT from the patient revealed a single disease
associated heterozygous nucleotide change of 1775 G > A indicated by a red arrow.
(b) The single missense mutation was not seen in the analysis of wt DNA,

to clarify the correlation between specific ¢-KIT mutations and
pigment regeneration.
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Abstract

Erdheim-Chester disease is a rare non-Langerhans form of histiocytosis with multiple
organ involvement. Approximately 20% of patients have xanthoma-like lesions, usually
on the eyelids. We report a case of Erdheim-Chester disease in a 32-year-old male who
showed peculiar xanthomatous skin lesions and also had atopic dermatitis. His skin
manifestations included ring-like yellowish tumors on his periorbital regions, rope
necklace-like tumors on his neck, and spindle-shaped tumors on his right preauricular
region and cubital fossas. He also had exophthalmos and diabetes insipidus. Chronic
eczematous lesions were present on the flexor aspect of his extremities, and his serum
eosinophil numbers and immunoglobulin E levels were elevated. A histological
examination of his right neck tumor showed foamy macrophages and touton-type giant
cells, which were positive for CD68 and CD163 and negative for S-100 and CD1a. We
suggest that the complication of atopic dermatitis may have contributed to the
uncommon clinical features in this case.

Case Report

A 32-year-old male presented with xanthomatous skin lesions, exophthalmos, and diabetes
insipidus. His left retro-orbital mass was partially removed in childhood at another hospital, and he had
been diagnosed with Hand-Schiiller-Christian disease (HSCD). His past medical history included
hyperlipidemia, type 2 diabetes mellitus, hypertension, and hyperuricemia, which were managed with
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diet and medication (nateglinide, candesartan cilexetil, and allopurinol). Cutaneous examination
revealed ring-like yellowish tumors on his periorbital regions (fig. 1a), rope necklace-like tumors on his
neck (fig. 1b, c), and spindle-shaped tumors on his right preauricular region and cubital fossas (fig. 1d).
Histological examination of his right neck tumor showed foamy macrophages and touton-type giant
cells (fig. 2a). Immunohistochemical staining revealed that the cells were positive for CD68 (fig. 2b) and
CD163 (fig. 2¢) and negative for S-100 and CD1a. X-rays of the long bones of the upper and lower
extremities showed no apparent osteosclerotic or osteolytic changes. Exophthalmos, diabetes insipidus,
‘and the pathological findings confirmed the diagnosis of Erdheim-Chester disease (ECD; table 1). The
patient had also been diagnosed with atopic dermatitis in childhood. He demonstrated diffuse facial
erythema, pruritic chronic eczematous lesions on the trunk and flexor aspect of the extremities (fig. 1d),
and multiple prurigo of the extremities. Laboratory findings related to atopic dermatitis were white
blood cells: 12,640/pl, eosinophils: 19%, immunoglobulin E-radioimmunosorbent test (IgE-RIST) score:
38,500 IU/ml, IgE radioallergosorbent test (IgE-RAST) score of Dermatophagoides farinae: 99.9 1U, and
thymus- and activation-regulated chemokine (TARC): 47,980 pg/ml. Therefore, our patient was
diagnosed with ECD complicated by atopic dermatitis.

Discussion

ECD is a rare non-Langerhans form of histiocytosis with multiple organ involvement.
Involvement of the long bones is observed in 86% of patients, and a typical manifestation
is bilateral symmetric sclerosis of the metaphyseal region of the long bones of the lower
extremities [1, 2]. Approximately one half of all cases have extraskeletal manifestations,
including effects on the hypothalamus-pituitary axis, lungs, heart, retroperitoneum, skin,
liver, kidneys, spleen, and orbit. Skin involvement is seen in approximately 20% of
patients, who frequently present with xanthoma-like lesions that usually manifest on the
eyelids and occasionally on the trunk and submammary area [3].

Here, we report a case of ECD with a peculiar distribution of tumorous xanthomas and
without bone involvement. The patient was initially diagnosed in childhood with HSCD,
one of the syndromes of Langerhans cell histiocytosis (LCH), based on the histological
findings of his left retro-orbital mass. It is sometimes difficult to distinguish ECD from
HSCD because they have certain clinical findings in common such as exophthalmos,
diabetes insipidus, and radiological findings of osseous lesions. Osteolysis of the scalp
bones is typical in HSCD, whereas osteosclerosis of the long bones is the characteristic
presentation of ECD. However, osteosclerosis in ECD is sometimes difficult to identify,
and osteolytic lesions are found in approximately one third of patients with ECD [4].
ECD commonly occurs in adulthood, whereas HSCD occurs in infancy. The mortality
rate for ECD is 57% and for HSCD it is 30% [5] (table 1).

Immunohistochemical analyses are useful for distinguishing between these two
diseases. The histiocytes in the skin involve two major cell lineages, macrophages and
Langerhans cells, which are derived from monocytes [6]. Pathogenic macrophages are
observed in ECD. In contrast, Langerhans cells are characteristic of HSCD. The
histiocytes in ECD are immunoreactive for CD68 and CD163, but not for S-100 or CD1a.
The pattern is reversed in histiocytes in HSCD (table 1). Because we were not able to
obtain detailed histological information on the left retro-orbital mass removed in
childhood, we could not conclude that this was a case of HSCD in childhood that
converted to ECD in adulthood, or a case of ECD that showed an HSCD-like
manifestation in childhood. Previously, it was suggested but not definitively established
that ECD may represent a spectrum of LCH [7, 8]. However, it was recently suggested
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that ECD is a unique disease entity and LCH-like findings may be within the spectrum of
ECD [9, 10]. Further examination of cases and research are needed to explore this issue.

It is interesting that tumorous xanthomas were present mainly in sites predisposed to
atopic dermatitis such as the neck skin and flexor aspect of the extremities. Although
some cases show nodular xanthomatous masses of the neck [11], rope necklace-like
xanthomas and bulging xanthomas on the flexor aspect of the extremities as observed in
the present case are rare. We suggest that the complication of atopic dermatitis modified
the clinical presentation in this case. Activation of fibroblasts due to scratching behavior
evoked by itching due to atopic dermatitis [12] may have resulted in tumorous
xanthomas.

In conclusion, we reported a case of ECD with a peculiar distribution of tumorous
xanthomas. We suggested that the complication of atopic dermatitis played a role in the
development of the uncommon clinical features of our case.

Table 1. Hand-Schiiller-Christian disease and Erdheim-Chester disease

Onset Clinical sign Mortality Proliferated S-100 CDla CD68 CD163
histiocyte
HSCD Infant DI, exophthalmos, osteolysis of the scalp bone 30% Langerhans cell + + -
ECD  Adult DI exophthalmos, osteosclerosis of long bones  57% Macrophage - - +

(sometimes osteolysis)

DI = Diabetes insipidus; HSCD = Hand-Schiiller-Christian disease; ECD = Erdheim-Chester disease.
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Fig. 1. a Ring-like yellowish tumors in the periorbital regions. b, ¢ Rope necklace-like yellowish tumors

on the patient’s neck. d Spindle-shaped yellowish tumors on the patient’s cubital fossas and diffuse
erythema and pigmentation on the patient’s forearm.
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