Atopic dermatitis and skin disease

The Janus kinase inhibitor JTE-052 improves skin barrier
function through suppressing signal transducer and
activator of transcription 3 signaling
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Background: Barrier disruption and the resulting continuous
exposure to allergens are presumed to be responsible for the
development of atopic dermatitis (AD). However, the
mechanism through which skin barrier function is disrupted in
patients with AD remains unclear.

Objectives: Taking into account the fact that the Ty2 milieu
impairs keratinocyte terminal differentiation, we sought to clarify
our hypothesis that the Janus kinase (JAK)-signal transducer and
activator of transcription (STAT) pathway plays a critical role in
skin barrier function and can be a therapeutic target for AD.
Methods: We analyzed the mechanism of keratinocyte
differentiation using a microarray and small interfering RNA
targeting STATSs. We studied the effect of the JAK inhibitor JTE-
052 on keratinocyte differentiation using the human skin
equivalent model and normal human epidermal keratinocytes. We
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applied topical JAK inhibitor onto NC/Nga mice, dry skin model
mice, and human skin grafted to immunocompromised mice.
Results: TL-4 and IL-13 downregulated genes involved in
keratinocyte differentiation. STAT3 and STAT6 are involved

in keratinocyte differentiation and chemokine production by
keratinocytes, respectively. Topical application of the JAK
inhibitor suppressed STAT3 activation and improved skin barrier
function, permitting increases in levels of terminal differentiation
proteins, such as filaggrin, and natural moisturizing factors in
models of AD and dry skin and in human skin.

Conclusion: STAT3 signaling is a key element that regulates
keratinocyte differentiation. The JAK inhibitor can be a new
therapeutic tool for the treatment of disrupted barrier
function in patients with AD. (J Allergy Clin Immunol
2015;136:667-77.)
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The key function of the epidermis is to serve as a physiologic
barrier between the organism and its environment. The outermost
cornified layer (stratum corneum [SC]) serves as a physical barrier,
minimizing water loss from the body and protecting against
environmental insults, including irritants and allergens.l‘2 Barrier
disruption and the resulting continuous exposure to allergens are
presumed to be responsible for the development of atopic derma-
titis (AD).*" Skin barrier function depends on the normal differen-
tiation of keratinocytes, as experiments with genetically modified
mice, such as filaggrin (FLG)-deficient mice, have shown.®® Ker-
atinocyte differentiation is characterized by a protein expression
pattern that varies depending on its localization.” It has been
demonstrated with gene-targeted mice that normal keratinocyte
differentiation is indispensable for skin barrier function.®®!°

FLG is one of the molecules expressed during terminal
keratinocyte differentiation. FLG is produced in the granular
layer (stratum granulosum [SG]) as profilaggrin, a precursor
protein consisting of 10 to 12 tandem repeats of monomeric FL.G
peptide. During the SG to SC transition, profilaggrin is cleaved
into multiple FLG monomers that provide physical strength by
aggregating the keratin bundles.'' At the outer layers of the SC,
FLG is degraded into free amino acids, collectively known as
natural moisturizing factors (NMFs), which contribute to
epidermal hydration and barrier function.'”
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Abbreviations used
AD: Atopic dermatitis
AEW: Acetone/ether/water
DMSO: Dimethyl sulfoxide
FLG: Filaggrin
GO: Gene Ontology
H&E: Hematoxylin and eosin
JAK: Janus kinase
LOR: Loricrin
NHEK: Normal human epidermal keratinocyte
NMF: Natural moisturizing factors
SC: Stratum corneum
SG: Stratum granulosum
siRNA: Small interfering RNA
SPE: Specific pathogen-free
STAT: Signal transducer and activator of transcription
TEWL: Transepidermal water loss

Loss-of-function mutations in the FLG gene are one of the
genetic risk factors responsible for AD*' and multiple other
allergic diseases, including asthma. 1416 Importantly, it has been
reported that FLG and NMF production are downregulated in pa-
tients with AD, regardless of their FLG genotype.™'’ Expression
levels of FLG and loricrin (LOR) mRNA in keratinocytes were
significantly downregulated in the presence of IL-4 and IL-13
(IL-4/IL-13) in vitro,' "% suggesting that the Ty2 cytokine milieu
contributes to the impairment of epidermal differentiation.'®?'
A variety of cytokines, including IL-4/IL-13, exert their biolog-
ical effects by binding to their cognate receptors, some of which
activate Janus kinases (JAKS), a small family of cytoplasmic pro-
tein tyrosine kinases comprising JAK1, JAK2, JAK3, and tyrosine
kinase 2.7 JAKSs then activate signal transducer and activator of
transcription (STAT) proteins to induce expression of specific
genes.” Several investigations have indicated that the activation
of JAK-STAT signaling occurs in the skin of patients with AD,**
but the roles of JAK-STAT signaling in skin barrier function
remain largely unclear.

In the present study we examined the role of JAK-STAT
signaling in skin barrier function. Microarray and Gene Ontology
(GO) analysis of the reconstructed human skin equivalent model
revealed that IL-4/IL-13 downregulated genes involved in kera-
tinocyte differentiation, most of which were counteracted by JTE-
052, a novel JAK inhibitor. Using normal human epidermal
keratinocytes (NHEKSs), we found that IL-4/IL-13 phosphorylates
STAT3, which inhibited keratinocyte differentiation. Topical
administration of the JAK inhibitor improved skin barrier
function, permitting increases in FLG and NMF levels in a murine
model of AD and dry skin. Moreover, the JAK inhibitor promoted
the production of FLG and NMFs in human skin that had been
grafted onto immunocompromised mice. These findings demon-
strate the feasibility of JAK inhibitors as possible new therapeutic
agents for AD that work by improving skin barrier function.

METHODS
Animals

CS7BL/6J (B6) and BALB/c nu/nu (nude) mice were purchased from SLC
(Shizuoka, Japan) and maintained on a 12-hour light/dark cycle at a
temperature of 24°C and humidity of 50% = 10% under specific
pathogen-free (SPF) conditions at Kyoto University Graduate School of
Medicine. NC/Nga mice were purchased from SLC and maintained
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under either SPF or conventional conditions with fur mite infection. All
experimental procedures were approved by the Institutional Animal Care and
Use Committee of Kyoto University Graduate School of Medicine.

Drugs and reagents

The JAK inhibitor JTE-052 was synthesized at Japan Tobacco (Osaka,
Japan). In an enzymatic assay JTE-052 inhibited JAK1, JAK2, JAK3, and
tyrosine kinase 2, with inhibitory concentrations of 50% of 2.8, 2.6, 13, and
58 nmol/L, respectively.zs For in vitro studies, JTE-052 was dissolved in
dimethyl sulfoxide (DMSO) and added to reach a final DMSO concentration
of less than 0.1%. For in vivo studies, JTE-052 was diluted in acetone
containing 1% (vol/vol) of DMSO and topically applied daily.

Cell culture and transfection

NHEKSs (Kurabo Industries, Osaka, Japan) were cultured as described
previously.”® Keratinocyte differentiation was induced by culturing the
NHEKs in a culture medium containing 1.5 mmol/L Ca®* for 5 days. Cells
were transfected with either small interfering RNA (siRNA) for STATSs or
control siRNA (Cell Signaling Technology, Beverly, Mass) by using
HiPerFect Reagent (Qiagen, Valencia, Calif). Culture medium was changed
to a medium containing 1.5 mmol/L Ca®* at 24 hours after transfection,
and cells were cultured for 72 hours in the presence or absence of IL-4
(100 ng/mL) and IL-13 (100 ng/mL). The total concentration of siRNA was
50 nmol/L. As a reconstructed human skin equivalent model, TESTSKIN
(Toyobo, Osaka, Japan) was cultured in the presence or absence of
1000 nmol/L JTE-052 and 20 ng/mL recombinant human IL-4 and IL-13
(R&D Systems, Minneapolis, Minn).

Murine dry skin model

B6 mice were treated with acetone/ether/water (AEW), as described
previously, to induce dry skin.?’ Briefly, the interior surface of each mouse ear
was soaked with a mixture of acetone and diethyl ether (1:1) for 30 seconds
and then with water for 30 seconds twice daily for the indicated periods.

Human skin graft model

After informed consent was obtained, human skin samples were obtained
from unused portions of grafts, most of which had been intended for use in
surgery and were transplanted onto immunodeficient athymic nude mice. The
protocol was approved by the Ethical Committee for the Study of Human
Analysis at Kyoto University Medical School and the Ethics Committee of the
Central Pharmaceutical Research Institute of Japan Tobacco, which stipulate
adherence to the rules laid out in the Declaration of Helsinki.

Statistical analysis

Unless otherwise indicated, data are presented as means = SDs, and each
result represents one of the 3 independent experiments. Differences between 2
groups were analyzed by means of 1-way ANOVA, and P values were
calculated by using to the 2-tailed ¢ test. For multiple comparisons, statistical
significance was assessed with the Dunnett test (for homoscedastic data) or
Steel test (for heteroscedastic data) after homoscedasticity analysis with the
Bartlett test. For the meta-analysis of microarray data, NextBio software
(www.nextbio.com) was used to assess P values.”® P values of less than .05
are considered significant and indicated by an asterisk in the figures.

RESULTS
IL-4/1L-13 inhibited keratinocyte differentiation,
possibly through JAK-STAT signaling

It has previously been reported that mRNA expression levels of
Ty2 cytokines, including IL-4 and IL-13, are increased in the
skin lesions of patients with AD'7*" and that IL-4 and IL-13
modulate the expression levels of genes relevant to keratinocyte
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FIG 1. IL-4/IL-13 dominantly downregulated gene groups involved in keratinocyte differentiation. A, Heat
map of genes in TESTSKIN treated with IL-4/IL-13 in the absence (left) or presence (right) of JTE-052
(n = 3). B, Enriched GO terms for genes with altered expression induced by IL-4/IL-13. C-E, Correlation
analyses between the genes differentially expressed in (C) IL-4/IL-13-treated samples (Bioset; Bs1)
and genes with altered expression in AD skin (GSE16161; Bs2; Fig 1, C), Bs1 and IL-4/IL-13 plus JTE-052-
treated samples (Bs3; Fig 1, D), and Bs3 and Bs2 (Fig 1, E).

differentiation, such as FLG.'® However, it remains largely
unclear how IL-4 and IL-13 affect keratinocyte differentiation.
First, we performed microarray analysis to determine the effect
of IL-4/IL-13 on keratinocytes. We prepared TESTSKIN as a
human skin equivalent reconstructed model. Expression levels of
1267 genes in the epidermal layer of TESTSKIN were changed at
least 2-fold by treatment with IL-4/IL-13 from their expressions
in untreated TESTSKIN (Fig 1, A, left panel). GO analysis was
performed by using GO terms associated with biological
processes to clarify the biological effect of IL-4/IL-13 on
keratinocytes (for the definition of GO terms, please refer
http://gencontology.org/).”® GO analysis revealed that IL-4/IL-
13 predominantly downregulated the gene groups related to
certain functions, such as keratinization, keratinocyte differentia-
tion, and epidermal cell differentiation (Fig 1, B), which suggests

that keratinocyte differentiation is inhibited under Ty2
conditions, such as AD. Then we performed correlation analysis
between gene expression changes induced by IL-4/IL-13 in
TESTSKIN (Bs1) and gene changes in the skin of patients with
AD (accession no. GSE16161°!; Bs2). These analyses
demonstrated that 540 genes overlapped significantly
(P = 14 X 107?") and that these genes were positively
correlated: 163 were upregulated, and 220 were downregulated
(P=3.6x%X10""7and P = 1.6 X 10™%, respectively; Fig 1, C,
and see Fig El, A, in this article’s Online Repository at
www.jacionline.org).

It has been reported that cytokines, including IL-4/IL-13, exert
their function through JAK-STAT activation.”” To explore the
implications of this, we next investigated the effect of a JAK
inhibitor on TESTSKIN in the presence of IL-4/IL-13 in vitro.
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FIG 2. The JAK inhibitor promoted keratinocyte differentiation. Vehicle or the JAK inhibitor JTE-052 was
applied to the culture medium for 5 days in the presence (A-D) or absence (E-G) of IL-4/IL-13. Fig 2, A, Effects
of JTE-062 on FLG and LOR mRNA expression of NHEKs in the presence of IL-4/IL-13. Effects of the
compound were calculated and represented as percentage change from mean control value. Fig 2, B,
FLG and LOR protein production in TESTSKIN. Fig 2, C, Immunofluorescent staining of STAT3 and
STATS6 (green) or B-actin (red) in NHEKs. Fig 2, D, Phosphorylation of STAT3 and STAT6 in TESTSKIN.
Fig 2, E, Effects of JTE-052 on FLG and LOR mRNA expression in NHEKs. Fig 2, F, FLG protein production
in TESTSKIN. Fig 2, G, Relative density of the FLG monomer to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) in TESTSKIN (n = 6). Fig 2, A and E, Data represent the average of 3 independent
experiments = SEMs. *P < .05 versus vehicle (t test). #P < .05 versus |L-4/IL-13 treatment (Steel test).

JTE-052

A number of genes induced by IL-4/IL-13 treatment were
suppressed by 1000 nmol/L of the JAK inhibitor JTE-052
(Fig 1, A, right panel). Expression levels of 1384 genes were

changed by JAK inhibitor treatment at least 2-fold from their
expression levels in IL-4/IL-13—treated TESTSKIN; these genes
(Bs3) were negatively correlated with the genes exhibiting altered
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FIG 3. STATS3, but not STATS, is a predominant negatively acting transcriptional factor for keratinocyte
differentiation. A, Phosphorylation of STAT3 and STAT6 in NHEKs. B and C, Silencing effects of siRNAs on
STATmRNA (n = 7 of each group; Fig 3, B) and protein (Fig 3, C) expression. D and E, FLG and LOR mRNA
expression in the absence (Fig 3, D) or presence (Fig 3, E) of IL-4/IL-13. F, CCL26 and CXCL6 mRNA
expression in the presence of IL-4/IL-13 (n = 7 of each group). Data are presented as means * SEMs.
*P < .05 versus control siRNA (Dunnett test). #P < .05 versus control siRNA (Steel test).
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FIG 4. Topical administration of the JAK inhibitor ameliorated barrier disruption in NC/Nga mice (n = 7 or
8). A, Time course of total clinical severity scores. B, Clinical photographs of NC/Nga mice on day 28.
C, TEWL of the ear of NC/Nga mice on day 28. D, FLG protein and phosphorylated STATSs in the epidermis
of NC/Nga mouse ear on day 28. E, NMF concentration in the epidermis of NC/Nga mice ear on day 28.
*P < .05 versus vehicle-treated mice (f test). 1P < .05 versus vehicle-treated mice (Wilcoxon rank sum
test). #P < .05 versus JTE-052-treated mice at day O (Steel test).

expression levels in IL-4/IL-13—treated TESTSKIN (Bsl; 821
overlapped, P = 1.0 X 107323, Fig 1, D, and see Fig El, B)
and AD-affected skin (Bs2; 603 overlapped, P = 4.6 X 1074,
Fig 1, E, and see Fig E1, C). These data suggest that IL-4/IL-13
treatment imitates the conditions of human AD skin lesions in
the epidermis and that IL-4/IL-13 downregulates epidermal
differentiation through JAK-STAT signaling. Therefore inhibition
of JAK activities in epidermal cells might be a possible means of
improving disrupted keratinocyte differentiation by reversing the
changes in gene expression seen in AD lesions.

JAK inhibitor promoted differentiation of
keratinocytes, regardless of the presence or
absence of IL-4/IL-13

Next, we sought to directly evaluate the effects of the JAK
inhibitor on keratinocyte differentiation. Consistent with our
microarray analysis using a human skin equivalent model and AD

skin lesions and previous reports,'”'® IL-4/IL-13 directly
downregulated expression levels of FLG and LOR mRNA after
a 5-day NHEK incubation (Fig 2, A). In addition, the JAK
inhibitor restored FLG and LOR mRNA expression levels in the
presence of IL-4/IL-13 in a dose-dependent manner. Because
FLG and LOR are produced in the SG layer of the epidermis,
the above findings suggest that the JAK inhibitor might enhance
keratinocyte terminal differentiation. During epidermal terminal
differentiation, profilaggrin (approximately 400 kDa) is cleaved
to monomeric FLG (37 kDa), which plays an important role in
barrier formation in mammalian skin.”> We used the epidermal
layer of TESTSKIN to evaluate profilaggrin, FLG monomer,
and LOR production as a keratinocyte terminal differentiation
molecule. IL-4/IL-13 decreased production levels of these
proteins, and JAK inhibitor treatment restored them (Fig 2, B).
It has been reported that IL.-4 and IL-13 activate both STAT3
and STAT6 signaling in lymphocytes, such as B cells,”™** but the
responsible STAT signaling through IL-4/IL-13 in keratinocyte
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FIG 5. The JAK inhibitor ameliorated barrier function in a mouse model of dry skin. A, TEWL of the ear of dry
skin model mice. B, Flg mRNA expression in the ear on day 3. C, Immunohistochemical analysis of FLG
protein (green) in the ear on day 7. Nuclei were counterstained with DAPI (blue). Scale bar = 50 um.
D, NMF concentration in the epidermis of the ear on day 7 (n = 4). * P< .05 versus vehicle-treated mice (ttest).

differentiation is unclear. To clarify this issue, we first evaluated
STAT localization in NHEKs after IL-4/IL-13 stimulation. We
found that both STAT3 and STAT6 were translocated into the
nucleus after TL-4/IL-13 stimulation and that this translocation
was suppressed by the JAK inhibitor. These findings indicate
that IL-4/IL-13 regulates transcriptional activation of both
STAT3 and STAT6 in keratinocytes (Fig 2, C). In keeping with
this finding, immunoblot analysis revealed that both STAT3 and
STAT6 were phosphorylated in the presence of IL-4/IL-13 and
that both were inhibited by the JAK inhibitor (Fig 2, D). Of
note, no remarkable phosphorylation of STAT1, STAT2, and
STATS was detected based on the presence of IL-4/IL-13 (see
Fig E2 in this article’s Online Repository at www.jacionline.
org). We also found that STAT3 was phosphorylated even in the
absence of IL-4/IL-13, suggesting that STAT3 is constitutively
activated in the cultured keratinocytes, whereas phosphorylation
of STAT6 was not. Intriguingly, we observed that the extent of
restoration by the JAK inhibitor in the presence of IL-4/IL-13
was significantly greater than that seen in the absence of I1.-4/
IL-13 (Fig 2, A). This finding suggests that JAK-STAT signaling
was activated endogenously, even without addition of IL-4/IL-13.
In accordance with our hypothesis, the JAK inhibitor increased
both FLG and LOR mRNA expression levels, even in the absence
of IL-4/IL-13, 5 days after incubation of NHEKs (Fig 2, E).
Moreover, phosphorylated STAT3 was more strongly detected
5 days after incubation than 1 day after incubation (see Fig E3,
A, in this article’s Online Repository at www.jacionline.org).

Consistently, the JAK inhibitor increased monomeric FLG
(Fig 2, F and G) and LOR (see Fig E3, B) protein production
and inhibited STAT3 phosphorylation (see Fig E3, C) in
TESTSKIN compared with vehicle. These findings suggest
that phosphorylated STATs might play an important role in
keratinocyte differentiation, irrespective of the presence of

1L-4/1L-13.

STATS3, but not STATS6, was a responsible factor
involved in modulating keratinocyte differentiation
We then sought to investigate the effects of STAT3 and
STAT6 in keratinocyte differentiation. Both STAT3 and STAT6
were phosphorylated by IL-4/IL-13, which was abrogated by
JTE-052 (Fig 3, A). We examined the effect of each STAT’s
silencing on the mRINA expression levels of FLG and LOR. We
found that small interfering RNA (siRNA) targeting STAT3 and
STAT6 reduced mRNA and protein expression levels,
respectively (Fig 3, B and C). siRNA analysis revealed that
FLG and LOR mRNA expression levels were upregulated by
siRNA of STAT3 but not by siRNA of STAT6 (Fig 3, D).
Consistently, interference with STAT6 had no effect on
FLG and LOR mRNA expression levels in the presence of
IL-4/1L-13, whereas interference with STAT3 upregulated FLG
and LOR mRNA expression (Fig 3, E). These data suggest that
STATS3, but not STAT®S, is a key transcription factor involved in
modulating the differentiation of keratinocytes and that the JAK
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FIG 6. The JAK inhibitor enhanced NMF and FLG protein expression in human skin. A, Representative image of
grated human skin on athymic nude mice. B, Total amount of NMF in the vehicle- or 0.5% JTE-052-treated area
(integral value of SC depth from 0-28 um). C, H&E staining (upper panel)and immunostaining of FLG (lowerpanel,
red) of histologic sections from grafted human skin. Scale bar = 50 pm. * P< .05 versus vehicle treatment (ttest).

inhibitor can enhance keratinocyte differentiation by inhibiting
STATS3 signaling.

There were 1267 genes with mRNA levels that were signifi-
cantly changed in the epidermal layer of TESTSKIN by addition
of IL-4/IL-13, as revealed through microarray analysis (Fig 1, C).
Among the 100 most dramatically upregulated genes, we found
that the mRNA level of the Ty2 chemokine CCL26, which might
be involved in the pathogenesis of AD,””® was significantly
upregulated by the addition of IL-4/IL-13 (see Table El in this
article’s Online Repository at www.jacionline.org, rank 2). It
has been reported that the production of CCL26 is induced by
Tu2 cytokines in cells of the keratinocyte cell line HaCaT.*
Consistent with the previous report, IL-4/IL-13 increased
CCL26 mRNA expression levels, which were decreased by
interference with STAT6 but not STAT3 (Fig 3, F). Similarly,
other chemokine (CXCL6) mRNA expression upregulated by
IL-4/1L-13 in TESTSKIN (see Table E1, rank 15) was suppressed
by interference with STATG but not STAT3 (Fig 3, F). Therefore
STAT3 and STAT6 have different effects on keratinocytes under
the Ty2 milieu, attenuating keratinocyte differentiation and
promoting chemokine production, respectively.

Topical application of the JAK inhibitor ameliorated
spontaneous AD-like skin inflammation and barrier
disruption in NC/Nga mice

NC/Nga mice have spontaneous AD-like dermatitis about
8 weeks after birth when they are raised under conventional

conditions (conventional mice) but not when they are raised under
SPF conditions (SPF mice).”” We used 8- to 9-week-old NC/Nga
mice with mild to severe skin inflammation as an animal
model of AD to evaluate the therapeutic effect of the JAK
inhibitor in vivo. JTE-052 (0.5% [wt/vol] in acetone, 40 pL/d)
or vehicle (acetone containing 1% [vol/vol] of DMSO) was
topically applied once daily onto the skin of conventional
mice. In vehicle-treated NC/Nga conventional mice clinical
manifestations gradually became worse, but clinical manifesta-
tions in NC/Nga conventional mice treated with topical
application of the JAK inhibitor were significantly milder than
those in vehicle-treated mice (Fig 4, A and B). In addition, the
JAK inhibitor significantly decreased clinical scores: clinical
scores measured 3 to 4 weeks after treatment were significantly
lower than those measured on day O (Fig 4, A). These findings
suggest that topical application of the JAK inhibitor not only
prevents exacerbation of AD-like skin inflammation but also
improves its clinical manifestations.

In addition, oral or topical application of the JAK inhibitor
suppressed ear-swelling responses in an antigen-induced chronic
allergic dermatitis model using NC/Nga mice (see Fig E4 in this
article’s Online Repository at www.jacionline.org). Of note, the
efficacy of the JAK inhibitor was observed dose dependently
(see Fig E4, A) and was comparable or even better when compared
with that of orally administrated cyclosporine (see Fig E4, A) or
topically applied tacrolimus ointment (see Fig E4, B).

Transepidermal water loss (TEWL) is used as a measurement
of skin barrier function.*® On day 28, TEWL of the ear skin was
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STATs phosphorylation via JAKs activation

( )

Activated Activated
STAT3 STATG6

Chemoattractant 1
(FLG |, LOR |) (CCL267, CXCL6 1)

4 \ 4

Barrier disruption
(NMF |, TEWL 1)

JTE-052

Keratinocyte differentiation |

Inflammation

AD development

FIG 7. Model of the molecular mechanism of STATs in AD skin. IL-4 and
IL-13 induce phosphorylation of STAT3 and STAT6 through JAK activation
in the epidermis of patients with AD. Activated STAT3 downregulates
keratinocyte differentiation-related proteins, leading to barrier disruption
in accordance with decreased NMF levels and increased TEWL. On the
other hand, activated STAT6 upregulates chemoattractants, such as CCL26
and CXCLS6, leading to skin inflammation. Topical administration of JTE-052
inhibits phosphorylation of both STAT3 and STAT6 and normalizes barrier
disruption and skin inflammation.

increased in vehicle-treated conventional mice but significantly
decreased by topical application of the JAK inhibitor (Fig 4, C).
We then measured FLG protein levels in the epidermal layers of
mouse ears on day 28. In accordance with our in vitro findings
(Fig 2, ©), topical application of the JAK inhibitor significantly
increased FLG monomer protein production compared with
vehicle treatment (Fig 4, D, upper panel). We also found that
levels of phosphorylated STAT3 and STAT®6 in the epidermis in
these mice were downregulated in vivo by JAK inhibitor treatment
(Fig 4, D, lower panels).

In addition, we measured NMF levels in the SC of NC/Nga
mice on day 28 by means of Raman microspectroscopy. NMFs are
hygroscopic amino acids derived from FLG and essential for SC
hydration.” We found that conventional mouse ears contained
lower levels of NMFs than SPF mouse ears, but the JAK inhibitor
treatment almost completely restored NMF levels in conventional
ears to those in SPF ears (Fig 4, E). These findings indicate that
the JAK inhibitor promotes keratinocyte differentiation and
improves skin barrier function in a murine AD model.

JAK inhibitor increased NMF levels and improved
barrier function in a murine dry skin model

To exclude the possibility that the JAK inhibitor’s ameliorating
effect on barrier dysfunction resulted only from its inhibition of
immune cell activities in vivo, we sought to assess the effect of the
JAK inhibitor on barrier function without interference from skin
inflammation. To this end, we used an AEW-induced dry skin
model that does not induce immune cell infiltration.”” This dry
skin model allows us to evaluate the effect of the JAK inhibitor
on skin barrier function without the influence of an immune
reaction. As reported previously,”’ AEW treatment (twice per
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day) increased TEWL in mouse ears, driving it to its peak level
on day 3. Topical application of 0.5% JTE-052 (20 pL/d),
on the other hand, significantly reduced TEWL (Fig 5, A).
Quantitative PCR and immunohistochemical analysis revealed
that Flg mRNA production and FLG and LOR protein production
were enhanced by JAK inhibitor treatment compared with vehicle
treatment on days 3 and 7, respectively (Fig 5, B and O).
Moreover, NMFs, which had been eliminated by the AEW
treatment, had recovered to a great degree on day 7 after the start
of JAK inhibitor treatment (Fig 5, D). These data indicate that the
JAK inhibitor promotes production of FLG and its cleavage
product, NMF, and improves skin barrier function in a murine
dry skin model.

JAK inhibitor increased FLG and NMF production in
an experimental human skin graft model

Next, to address the effect of the JAK inhibitor on human skin,
we prepared immunocompromised mice grafted with human skin.
Vehicle and 0.5% JAK inhibitor were topically applied onto 2
different areas of each human skin graft once a day for 7 days; the
2 treatment areas were separated with petroleum jelly (Fig 6, A).
We measured NMF levels in each area using Raman
microspectroscopy and found that the total amount of NMF
integrated from a depth of 0 to 28 pm of SC was significantly
higher in JAK inhibitor—treated areas than in vehicle-treated areas
(Fig 6, B). We then performed hematoxylin and eosin (H&E)
staining and immunostaining of FLG in grafted skin. H&E
staining identified no remarkable differences between vehicle-
and JAK inhibitor—treated areas (Fig 6, C, upper panel), whereas
FLG protein production was higher in JAK inhibitor-treated areas
than in vehicle-treated areas (Fig 6, C, lower panel). These data
indicate that the JAK inhibitor promoted terminal differentiation,
even in grafted human skin.

DISCUSSION

In the present study we evaluated the role of JAK-STAT
signaling in skin barrier function from the perspective of AD.
Microarray analysis with a human skin equivalent model revealed
that IL-4/IL-13 dominantly affected keratinocyte differentiation,
presumably through JAK-STAT signaling. We also found that the
JAK inhibitor JTE-052 promoted FLG and LOR protein
production and that STAT3 is the key transcriptional factor in
keratinocyte differentiation. Topical administration of the JAK
inhibitor improved skin barrier function in accordance with
increased FLG and NMF production in murine models of AD
and dry skin. Consistently, the JAK inhibitor promoted NMF and
FLG production in human skin tissue. These findings suggest that
JAK-STAT3 signaling plays a key role in modulating keratinocyte
differentiation and that the new JAK inhibitor JTE-052 has a
therapeutic potential to improve skin barrier function in patients
with AD.

FLG-related barrier disruption can be a primary cause of
AD.*'340 Consistently, we demonstrated that a compound that
induces FL.G expression attenuates the development of murine
AD-like skin lesions.”® However, it remains unclear how the
Ty2 milieu suppresses FLG expression. Our present study using
GO analysis showed that IL-4/IL.-13 predominantly downregu-
lated keratinocyte differentiation-related gene expression rather
than activating immune responses. The genes that were restored
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by the JAK inhibitor in the presence of IL-4/IL-13 included both
FLG and other keratinocyte differentiation—related genes, such as
LOR, FLG2, hornerin, and involucrin (Fig 1, A). These findings
indicate that the IL-4/IL-13-JAK-STAT pathway regulates
terminal keratinocyte differentiation, which is involved in skin
barrier formation.*’ In addition to the terminal differentiation
proteins, JTE-052 enhanced the production of NMFs in murine
models of AD and dry skin and in human skin. It has recently
been reported that the daily application of moisturizer reduces
the risk of AD/eczema in infants.**** These findings suggest
that JTE-052 can reduce the risk of AD by increasing NMF
production.

JAK-STAT's are key transcriptional mediators that are essential
for various cell functions; they are activated by several series of
cytokines. Using siRNA of STATs, we demonstrated that
activated STAT3 and STAT6 are involved in keratinocyte
differentiation and chemokine production, respectively (Fig 7).
In our results small interfering RNA for STAT3 significantly
upregulated STAT6 mRNA expression (Fig 3, B), indicating the
possibility that STAT3 indirectly participates in the transcrip-
tional activity of STAT6 in NHEKSs. Further experiments are
needed to clarify the relationship between STAT3 and STAT6 in
keratinocytes. On the other hand, small interfering RNA for
STAT6 did not exhibit any effects on keratinocyte differentiation
in the presence or absence of IL-4/IL-13. These data support our
conclusion that STAT?3 is a responsible transcriptional factor that
regulates keratinocyte differentiation. It is well established that
IL-4/TL-13 induces STAT6 phosphorylation, which is necessary
for differentiation from naive T cells to T2 cells.**° It has been
reported that STAT6 transgenic mice have spontaneous allergic
dermatitis with low LOR expression levels, implying the
involvement of STAT6 in the downregulation of keratinocyte
differentiation.'®*® This finding is inconsistent with our finding
that STAT3, but not STAT6, is involved in keratinocyte
differentiation. Of note, STAT6 transgenic mice showed high
IL-4/IL-13 expression,*® raising the possibility that the Ty2
milieu induced by STAT6 overexpression activated STAT3, which
caused the LOR defect seen in these mice. Taken together, the
JAK inhibitor has the potential to promote keratinocyte
differentiation and inhibit immune responses in AD development.
It has been reported that the pan-JAK inhibitor pyridone 6
ameliorates allergic skin inflammation of NC/Nga mice by
modulating the balance of Ty2 and Ty17.*” Our results further
implicate the potential of JAK inhibitors to improve skin barrier
function directly.

By using an AEW-induced dry skin model, the JAK inhibitor
reduced TEWL and increased FLG mRNA/protein and NMF
production. At present, the clinical significance of the above
changes caused by the JAK inhibitor remains unclear. However,
our findings raise the possibility that JAK/STAT inhibition might
be beneficial for dry skin diseases, including asteatotic eczema.
On the other hand, the skin is considered an active immune system
organ that can influence systemic immunity.*® Patients with AD
often have other allergic diseases, including food allergies,
asthma, and allergic rhinitis.*® These often begin early in life
and progress in a typical fashion, which is called the allergic (or
atopic) march.®® Regulating cutaneous sensitization by
improving skin barrier function through regulating JAK-STAT
signaling might be a possible approach to prevent the
development of other allergic diseases. The next question is
whether the JAK inhibitor is clinically applicable to human
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inflammatory skin diseases. In this study we prepared
immunocompromised mice grafted with human skin to obtain
human relevance and have obtained reproducible findings. It is
expected that future clinical ftrials will reveal whether this
approach is feasible to regulate AD by improving both skin
inflammation and deregulated skin barrier function.

Cllmcal 1mpllcat10ns: Topical appllcatlon of the JAK mhlbltor

J TE-052 has therapeutlc potentlal toi 1mprove skln barrier tunc~
tlon in patlents with AD. .
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METHODS

Microarray

Cy3-labeled complementary RNA was synthesized from RNA by using a
Low Input Quick Amp Labeling Kit (Agilent Technologies, Santa Clara,
Calif). Six hundred nanograms of complementary RNAs were fragmented and
hybridized for 17 hours at 65°C to Agilent SurePrint G3 Human Gene
Expression Microarray 8§ X 60 K (#G4851A, Agilent Technologies). The
microarray slides were scanned with the Agilent DNA Microarray Scanner
System (#G2565AA, Agilent Technologies) and analyzed with Feature
Extraction Software (version 11.0.1.1, Agilent Technologies). Microarray
data were analyzed in GeneSpring GX (version 12.6, Agilent Technologies).
Signal values of each probe were normalized to the 75th percentile of all
samples and the mean value for the probe of vehicle-treated samples. Genes
with different expressions were extracted by using a moderated 7 test and
subjected to the Benjamini and Hochberg method for correction of P values
for multiple testing (corrected P < .05) and 2-fold change. Hierarchic
clustering was performed in genes differentially expressed on IL-4/IL-13—
treated samples by using Euclidean distance and the Ward linkage rule.
NextBio software (www.nextbio.com) was used for GO analysis and for the
comparison of the obtained data set (Bioset [Bs]) described above with the

publicly available data set.”! The difference in numbers between the common’

Venn diagram (Fig 1, C and D) and bar graph (Fig E1, A-C) is derived from
duplication of the probes for some genes.

Quantitative RT-PCR analysis

Quantitative RT-PCR analysis was performed, as described previously.*
All primers were obtained from Greiner Japan (Tokyo, Japan). The primer
sequences were as follows: FLG, 5'-TCG GCA AAT CCT GAA GAATCC
AGA-3' (forward) and 5'-GCT TGA GCC AAC TTG AAT AAT ACC ATC
AG’ (reverse); LOR, 5'-CTC TGT CTG CGG CTA CTC TG-3' (forward)
and 5'-CAC GAG GTC TGA GTG ACC TG-3' (reverse); human STAT3,
5'-GGC GTC ACT TTC ACT TGG GT-3' (forward) and 5'-CCA CGG
ACT GGATCT GGG T-3' (reverse); STAT6, 5'-GCC AAA GCC CTA GTG
CTG AA-3' (forward) and 5'-GAC GAG GGT TCT CAG GAC TTC-3’
(reverse); and CCL26, 5'-AAC TCC GAA ACA ATT GTG ACT CAG
CTG' (forward) and 5'-GTA ACT CTG GGA GGA AAC ACC CTC TCC-
3’ (reverse). Results were normalized to those of the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), according to the
methoAd based on change in the A cycle threshold (ACt) and calculated based
on 27A¢T,

Immunoblotting

Proteins were obtained from cells and tissues, as described previously.™
The samples were used for immunoblotting with either 1:500 dilution of
anti-FLG antibody (Santa Cruz Biotechnology, Dallas, Tex), 1:1,000 dilution
of anti-LOR antibody (Covance, Berkeley, Calif), 1:2,000 dilution of STAT3
and anti-phosphorylated STAT3 antibody (Cell Signaling Technology,
Beverly, Mass), 1:1,000 dilution of anti-STAT6 and anti-phosphorylated
STAT6 antibody (Cell Signaling Technology), or 1:10,000 dilution of
anti-glyceraldehyde-3-phosphate dehydrogenase antibody (Sigma-Aldrich,
St Louis, Mo), followed by horseradish peroxidase—conjugated anti-mouse
or anti-rabbit IgG (GE Healthcare, Waukesha, Wis). The blotting was then
developed by means of chemiluminescence (GE Healthcare).

s

Histology and immunostaining

Cells were fixed with 4% paraformaldehyde and then permeabilized with
methanol before staining. Cells were probed with anti—B-actin antibody
(Sigma-Aldrich) and anti-STAT3 or anti-STAT6 antibody (Cell Signaling
Technology) and then incubated with Alexa Fluor 546—coupled (for B-actin)
and Alexa Fluor 488-coupled (for STATS) secondary antibodies (Life
Technologies, Carlsbad, Calif).
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Tissues were fixed with 4% paraformaldehyde in PBS and then embedded
in paraffin. Sections with a thickness of 5 um were deparaffinized and stained
with H&E. For immunostaining, sections with a thickness of 5 pm were
deparaffinized, and antigens were retrieved by using Cell Conditioning 1
(Roche, Basel, Switzerland), incubated with 1:300 dilution of anti-filaggrin
antibody (Santa Cruz Biotechnology) or 1:1000 dilution of anti-loricrin
antibody (Covance, Princeton, NJ), and then incubated with Alexa Fluor
488-coupled secondary antibody. The slides were mounted in ProLong Gold
Antifade reagent (Invitrogen). All images were obtained with a BIOREVO
BZ-9000 system (Keyence, Osaka, Japan).

Evaluation of skin conditions

The clinical severity of NC/Nga mice was scored according to the
macroscopic diagnostic criteria for these genotype.™ In brief, the total clinical
score for skin lesions was designated as the sum of individual scores of the right
ear, left ear, dorsum, and face, each graded as O (none), 1 (mild), or 2 (severe)
for the symptoms of erythema/hemorrhage, edema, crust, excoriation/erosion,
and scaling/dryness. Clinical scores were evaluated once every week.

TEWL of the surface of the skin was measured at room temperature
(23°C-26°C) at 40% to 60% humidity with a VAPOSCAN AS-VTI00RS
machine (Asahi Biomed, Yokohama, Japan). The individual value for each
mouse was calculated as the median of 2 consecutive measurements.

Murine and human NMF profiles were measured by using in vivo confocal
Raman microspectroscopy (River Diagnostics, Rotterdam, The Netherlands)
at intervals of 1 pum to a depth of 8 wm and those of grafted human skin at
intervals of 4 wm to a depth of 28 pm. Results were analyzed with the
SkinTools 2.0 software package (River Diagnostics). Each NMF
concentration in the SC of murine or human skin was calculated as the median
of 5 or 10 consecutive measurements, respectively.

Antigen-induced chronic allergic dermatitis model

Antigen-induced chronic allergic dermatitis was induced, as previously
described.” Briefly, NC/Nga mice were intradermally injected at the ventral
side of their ear with 5 g of mite allergen extract (Cosmo Bio LSL, Tokyo,
Japan) in saline on days 0, 2, 4, 7, 9, 11, 14, and 16. Ear thickness was
measured 24 hours after each injection of antigen with a digital thickness
gauge (Mitsutoyo, Kanagawa, Japan). For oral administration of drugs,
JTE-052 or cyclosporine (Wako, Japan) was suspended in 0.5%
methylcellulose (Wako, Japan) and administered to mice once daily from
days O to 16. For topical application of drugs, JTE-052 (1% ointment
[wt/wt]) or tacrolimus (0.1% Protopic; Astellas, Tokyo, Japan) was topically
applied to both sides of the ear once daily from days 0 to 16. Each drug was
administered 1 hour before each injection of antigen.
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FIG E1. Correlation analyses between gene expression changes. A, Corre-
lation analysis between genes differentially expressed in IL-4/IL-13-treated
samples compared with vehicle-treated samples {Bioset; Bs1) and genes
with altered expression in AD skin compared with healthy control
skin (Bs2). B, Correlation analysis between the genes differentially
expressed on [L-4/IL-13 plus JTE-052-treated samples compared with
IL-4/IL-13-treated samples (Bs3) and Bs1. C, Correlation analysis between
Bs2 and Bs3. The barsindicate Pvalues of each correlation. Arrows indicate
the direction of gene expression (red, upregulation; blue, downregulation).
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FIG E2. Phosphorylation of STAT1, STAT2, and STAT5 in the presence or
absence of IL-4/IL-13 in TESTSKIN by using Western blotting.
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FIG E3. Phosphorylation of STAT3 in NHEKs. A, NHEKs were incubated
in the presence or absence of 100 ng/mL IL-4/IL-13 with or without
1000 nmol/L. JTE-052 for 24 or 120 hours. B and C, Effects of JTE-052 on
phosphorylation of STAT3 (Fig E3, B) and LOR protein production (Fig E3,
C) in TESTSKIN.
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FIG E4. The JAK inhibitor ameliorated ear-swelling responses in an
antigen-induced chronic allergic dermatitis model in NC/Nga mice. Mice
were orally administrated with JTE-052 or cyclosporine {(A) or topically
applied with JTE-052 or tacrolimus (B) once daily. *P < .05 versus vehicle
(Dunnett or Steel test).
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TABLE E1. List of the 100 genes most strongly upregulated in TESTSKIN by means of treatment with 1L-4/1L-13

Rank Fold change Gene symbol Gene name
1 941.4 TNFAIPG TNF, alpha-induced protein 6

2 459.7 CCL26 Chemokine (C-C motif) ligand 26

3 3363 CAPNI4 Calpain 14

4 182.2 IGFILA IGF-like family member 4

5 131.9 CLDNS5 Claudin 5

6 116.2 NTRK!I Neurotrophic tyrosine kinase, receptor, type 1

7 105.2 EMILIN2 Elastin microfibril interfacer 2

8 91.5 CH25H Cholesterol 25-hydroxylase

9 85.3 TREML2 Triggering receptor expressed on myeloid cells-like 2
10 714 HSD3BI1 Hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 1
11 713 CHGA Chromogranin A (parathyroid secretory protein 1)
12 54.3 KALRN Kalirin, RhoGEF kinase

13 49.3 PMP22 Peripheral myelin protein 22

14 42.5 SLCI6A14 Solute carrier family 16, member 14

15 41.5 CXCL6 Chemokine (C-X-C motif) ligand 6

16 40.2 MAOB Monoamine oxidase B

17 36.9 CCL2 Chemokine (C-C motif) ligand 2

18 335 PIP Prolactin-induced protein

19 33.1 GKNI Gastrokine 1

20 25.5 GLDC Glycine dehydrogenase (decarboxylating)

21 23.5 LOXIA Lysyl oxidase-like 4

22 22.6 DPP4 Dipeptidyl-peptidase 4

23 21.2 CDC45 Cell division cycle 45

24 21.0 TINC Tenascin C

25 20.5 ANOI Anoctamin 1, calcium activated chloride channel

26 19.4 NFE2 Nuclear factor, erythroid 2

27 19.4 ILI3RA2 IL-13 receptor, alpha 2

28 19.1 FAM124B Family with sequence similarity 124B

29 18.7 SH2DIB SH2 domain containing 1B

30 17.0 FAMI01A Family with sequence similarity 101, member A

31 15.8 HS3ST1 Heparan sulfate (glucosamine) 3-O-sulfotransferase 1
32 15.6 COLA4A4 Collagen, type IV, alpha 4

33 15.6 POLR2M Polymerase (RNA) II (DNA directed) polypeptide M
34 14.1 ILI0RA IL-10 receptor, alpha

35 13.8 LBH Limb bud and heart development

36 13.6 RASGRPI RAS guanyl releasing protein 1 (calcium and DAG-regulated)
37 132 KALI Kallmann syndrome 1 sequence

38 12.4 C100rf82 Chromosome 10 open reading frame 82

39 11.9 KCNJ2 Potassium inwardly-rectifying channel, subfamily J, member 2
40 11.8 OXTR Oxytocin receptor

41 11.8 SOCS1 Suppressor of cytokine signaling 1

42 11.5 TNFSF13 TNF (ligand) superfamily, member 13

43 11.4 SPP1 Secreted phosphoprotein 1

44 112 Cl5orf27 Chromosome 15 open reading frame 27

45 11.0 BMP4 Bone morphogenetic protein 4

46 10.8 NID2 Nidogen 2 (osteonidogen)

47 10.6 CFI Complement factor I

48 10.5 NES Nestin

49 10.3 CISH Cytokine inducible SH2-containing protein

50 10.3 LOC388780 Uncharacterized LOC388780

51 10.0 CFB Complement factor B

52 9.8 MME Membrane metalloendopeptidase

53 9.7 IL8 IL.-8

54 9.6 KCNJi2 Potassium inwardly-rectifying channel, subfamily J, member 12
55 9.6 LY75 Lymphocyte antigen 75

56 9.2 MATK Megakaryocyte-associated tyrosine kinase

57 9.0 SLC26A2 Solute carrier family 26 (anion exchanger), member 2
58 9.0 TTYH2 Tweety family member 2

59 8.9 DUOX2 Dual oxidase 2

60 8.8 SALLA Spalt-like transcription factor 4

61 8.7 PRSS53 Protease, serine, 53

62 8.6 PRR9 Proline rich 9

(Continued)
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63 8.5 ABCC2 : ATP-binding cassette, sub-family C (CFTR/MRP), member 2
64 8.3 CIQTNFI1-ASI C1QTNF1 antisense RNA 1

65 8.2 SLC7A4 Solute carrier family 7, member 4

66 8.1 SUSD2 Sushi domain containing 2

67 7.7 SEMA3E Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3E
68 75 FZD10 Frizzled family receptor 10

69 7.4 MB Myoglobin

70 73 CAMP Cathelicidin antimicrobial peptide

71 72 RGS4 Regulator of G-protein signaling 4

72 7.1 EML5 Echinoderm microtubule associated protein like 5

73 7.1 SIDT1 SID1 transmembrane family, member 1

74 6.9 DAPK?2 Death-associated protein kinase 2

75 6.8 CXCLI Chemokine (C-X-C-motif) ligand 1 (melanoma growth stimulating activity, alpha)
76 6.7 PPPIR3C Protein phosphatase 1, regulatory subunit 3C

77 6.7 TMEM71 Transmembrane protein 71 ;

78 6.6 ANPEP Alanyl (membrane) aminopeptidaSe

79 6.6 FGF19 Fibroblast growth factor 19

80 6.6 MMPI2 Matrix metallopeptidase 12 (macrophage elastase)

81 6.5 AFP Alpha-fetoprotein ‘

82 6.4 CD200R1 CD200 receptor 1

83 6.3 OSBPLIA Oxysterol binding protein-like 1A

84 6.3 TPKI Thiamin pyrophosphokinase 1

85 6.2 NEKI0 NIMA-related kinase 10

86 6.2 RASLI11B RAS-like, family 11, member B

87 6.1 PDE9A Phosphodiesterase 9A

88 6.1 SLCO2AI Solute carrier organic anion transporter family, member 2A1
89 6.1 PLSCR4 Phospholipid scramblase 4

90 6.0 CIITA Class II, major histocompatibility complex, transactivator

91 6.0 CXCLI11 Chemokine (C-X-C motif) ligand 11

92 6.0 RTP4 Receptor (chemosensory) transporter protein 4

93 6.0 LURAPIL Leucine rich adaptor protein 1-like

94 59 COL6A2 Collagen, type VI, alpha 2

95 5.9 CXCL2 Chemokine (C-X-C motif) ligand 2

96 5.6 APOBEC3A Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 3A
97 5.6 CSF3 Colony-stimulating factor 3 (granulocyte)

98 5.6 MATIA Methionine adenosyltransferase I, alpha

99 5.5 ST6GALI ST6 beta-galactosamide alpha-2,6-sialyltranferase 1

100 54 ZNF326 Zinc finger protein 326
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Histopathological examination of the neck lesion revealed
large areas of caseation necrosis surrounded by lympho-
cytes, neutrophils, plasma cells and Langhans-type giant
cells (figure 1D). The leg lesions revealed mainly lobular
panniculitis accompanied by granulomatous inflammation,
fat necrosis, giant cells, and vasculitis (figures 1E-F) but no
caseation necrosis. Ziehl-Neelsen staining showed no acid-
fast bacilli in either specimen. We diagnosed the patient
with EIB of the legs associated with scrofuloderma of
the right neck and right axilla. Treatment with isoniazid
300 mg, rifampicin 450 mg, and ethambutol 750 mg for
3 months resulted in remarkable improvement of all skin
lesions.

Scrofuloderma begins as painless subcutaneous nodules
caused by MTB disseminated from extracutaneous tuber-
culosis to the skin. The most common location of active
tuberculosis causing scrofuloderma is the cervical lymph-
nodes [1]. EIB is considered a multifactorial disorder with
many different causes, including MTB allergy (tuberculid).
Tuberculids are considered to be hypersensitivity reactions
to MTB or their fragments. Koga et al. reported in a case of
EIB with active tuberculosis of the axillary lymph-nodes,
that PPD-specific T cells capable of producing IFN-vy are
likely involved in the formation of EIB as a type of delayed-
type hypersensitivity response to MTB antigens at the site
of the skin lesions [2, 3].

The association between lymph-node tuberculosis and EIB
has been previously reported. Shimizu et al. reported that
EIB more frequently involved lymph-node tuberculosis
than other active tuberculosis lesions [1]. Although reports
of EIB with lymph-node tuberculosis are rare in the English
medical literature, they are not uncommon in the Japanese
medical literature. This is possibly due to an epidemic of
MTB infection in Japan and the difficulty of diagnosing
lymph-node tuberculosis. Because Japan has many patients
withMTB mfecnon and adequate dlagnostlc technolog\, or

might be relatively common.
Remarkably, we could not find cases of EIB with
loderma as a consequence of lymph-node tub
the English medical literature, except for th
This is possibly due to the fact that the qua
in the pus and tissue of the scrofuloderma is
the delayed-type hypersensitivity: (
be less likely to occur [4, 5] It

been closely involved with th
ever, the reason why reports of EIB
rare remains unclear. B

rofuloderma are
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fuloderma. Practical

ti-tumor necrosis
py with the devel-

p
riasis-like lesions appeared around the patient’s
developed on her entire body in January 2011
‘e 1A). The patient was diagnosed with psoriasis
Vulgarls on the basis of the clinical findings without his-
tological examination and was administered adalimumab,
a fully human anti-tumor necrosis factor (TNF)-a antibody,
for 2 months. However, 6 months after the anti-TNF-«
antibody treatment, skin erythema, sclerosis, pigmentation
and depigmentation worsened, followed by the develop-
ment of skin erosions on her back and waist and a fever
above 38 °C (figure 1B). An intractable oral aphtha was
also present (figure 1C). Therefore, the patient was admitted
to our hospital for an extensive examination in Septem-
ber 2012. The modified Rodnan total skin thickness score
(MRSS) was 38. The results of the blood test, includ-
ing complete blood count, renal and liver function and
C-reactive protein level, were normal. I1gG level was ele-
vated at 2164 mg/dL (normal range: 870-1700), whereas
IgM and IgA levels were normal. Complement component
(C) 4 level was decreased at 4 mg/dL. (17-45), whereas
that of C3 was normal. Tests for antinuclear antibody,
anti-topoisomerase I, anti-centromere, anti-RNP and anti-
SS-A antibodies yielded negative results. The patient was
also found to have hypothyroidism. Flow cytometric anal-
ysis revealed that CD4" CD25"% Foxp3* regulatory T cells
(Treg) were not decreased in the peripheral blood. The
patient had never undergone bone marrow or stem cell
transplantation, or blood transfusion. No thymoma was
noted but systemic lymph node swelling was detected by
contrast-enhanced computed tomography. The findings of
a skin biopsy taken from regions of skin sclerosis and
scaly erythema were scleroderma-like changes and lichen
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