
lymphopoietin expression in parallel
with a reduction in serine protease ac-
tivity and elevation in b-glucocere-
brosidase activity (Figures 1 and 2, and
Supplementary Figures S1 and S2), sug-
gesting not only that coapplication of
PAR2 antagonist and LBA could be
involved in both PAR2-independent and
PAR2-dependent mechanisms, but also
that it might be essential to account for
both mechanisms to confer significant
therapeutic benefits in AD. Meanwhile,
the antipruritic effect from inhibiting
PAR2 signaling also could be involved
in the therapeutic effects, although we
could not evaluate quantitatively the
degree of itch in this study.

This study demonstrates that coap-
plications of a PAR2 antagonist and
the polyhydroxy acid LBA could repre-
sent a novel therapeutic strategy that
simultaneously addresses the two
mechanisms of AD pathogenesis,
namely, skin barrier abnormality and
allergic inflammation. The study results
form the basis for further evaluation of
this strategy in other AD animal models
and in human AD.

All experiments with mice were
approved by the Ethics of Animal
Experimentation Committee of Oita
University.

CONFLICT OF INTEREST
SK Jeong is an employee of NeoPharm Co., Ltd.,
South Korea.

ACKNOWLEDGMENTS
The authors are grateful to Satoko Sato for skilled
technical assistance. This study was supported by
grants from the Japan Society for the Promotion of

Science (No. 26461662 to YH and No. 25860958
to TS).

Takashi Sakai1, Yutaka Hatano1,*,
Haruna Matsuda-Hirose1, Wei Zhang1,
Daisuke Takahashi2, Se Kyoo Jeong3,
Peter M. Elias4,5 and Sakuhei Fujiwara1

1Department of Dermatology, Faculty of
Medicine, Oita University, Oita, Japan;
2Faculty of Medicine, Oita University, Oita,
Japan; 3Division of Applied Research,
NeoPharm Co., Ltd., Daejeon, South Korea;
4Dermatology Service, Veterans Affairs
Medical Center, San Francisco, California,
USA; and 5Department of Dermatology,
University of California, San Francisco,
California, USA
*Corresponding author e-mail: hatano@oita-u.
ac.jp

REFERENCES

Ali SM, Yosipovitch G. Skin pH: from basic sci-
ence to basic skin care. Acta Derm Venereol
2013;93:261e7.

Elias PM, Steinhoff M. “Outside-to-inside” (and
now back to “outside”) pathogenic mechanisms
in atopic dermatitis. J Invest Dermatol
2008;128:1067e70.

Elias PM, Hatano Y, Williams ML. Basis for the
barrier abnormality in atopic dermatitis:
outside-inside-outside pathogenic mechanisms.
J Allergy Clin Immunol 2008;121:1337e43.

Hatano Y, Man MQ, Uchida Y, Crumrine D,
Scharschmidt TC, Kim EG, et al. Maintenance
of an acidic stratum corneum prevents emer-
gence of murine atopic dermatitis. J Invest
Dermatol 2009;129:1824e35.

Hatano Y, Man MQ, Uchida Y, Crumrine D,
Mauro TM, Feingold KR, et al. Murine atopic
dermatitis responds to peroxisome proliferator-

activated receptors alpha and beta/delta (but
not gamma) and liver X receptor activators.
J Allergy Clin Immunol 2010;125:160e9.

Lee HJ, Yoon NY, Lee NR, Jung M, Kim DH,
Choi EH. Topical acidic cream prevents the
development of atopic dermatitis- and asthma-
like lesions in murine model. Exp Dermatol
2014;23:736e41.

Man MQ, Hatano Y, Lee SH, Man M, Chang S,
Feingold KR. Characterization of a hapten-
induced, murine model with multiple features
of atopic dermatitis: structural, immunologic,
and biochemical changes following single
versus multiple oxazolone challenges. J Invest
Dermatol 2008;128:79e86.

Moniaga CS, Jeong SK, Egawa G, Nakajima S,
Hara-Chikuma M, Jeon JE, et al. Protease ac-
tivity enhances production of thymic stromal
lymphopoietin and basophil accumulation in
flaky tail mice. Am J Pathol 2013;182:841e51.

Moormann C, Artuc M, Pohl E, Varga G,
Buddenkotte J, Vergnolle N, et al. Functional
characterization and expression analysis of the
proteinase-activated receptor-2 in human cuta-
neous mast cells. J Invest Dermatol 2006;126:
746e55.

Sakai T, Hatano Y, Zhang W, Fujiwara S. Defective
maintenance of pH of stratum corneum is
correlated with preferential emergence and
exacerbation of atopic-dermatitis-like dermatitis
in flaky-tail mice. J Dermatol Sci 2014;74:
222e8.

Seeliger S, Derian CK, Vergnolle N, Bunnett NW,
Nawroth R, Schmelz M, et al. Proinflammatory
role of proteinase-activated receptor-2 in humans
and mice during cutaneous inflammation in vivo.
FASEB J 2003;17:1871e85.

Steinhoff M, Neisius U, Ikoma A, Fartasch M,
Heyer G, Skov PS, et al. Proteinase-activated
receptor-2 mediates itch: a novel pathway for
pruritus in human skin. J Neurosci 2003;23:
6176e80.
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TO THE EDITOR
Tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) is

an immune effector protein that in-
duces apoptosis in virus-infected and
cancer cells by activating death

receptor-4 (DR4) and/or death receptor-
5 (DR5) without deleterious activity
toward DR4/DR5-expressing normal
cells (Ashkenazi et al., 2008). Conse-
quently, DR4/DR5 agonists are prom-
ising anticancer agents. Treatment with
“first-generation” DR4/DR5-targeted
therapeutics, such as recombinant
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human soluble tumor necrosis factor-
related apoptosis-inducing ligand
(rhTRAIL) and agonistic DR4/DR5
antibodies, was well tolerated but
had disappointing clinical activity
(Ashkenazi, 2015). For instance, in a
phase I dose-escalation study in pa-
tients with relapsed or refractory carci-
noma, the DR5-agonistic antibody
tigatuzumab only induced stable dis-
ease (Forero-Torres et al., 2010). In a
phase II trial in non-small cell lung
cancer patients, combined treatment
with rhTRAIL and chemotherapy had
no added benefit (Soria et al., 2011).

However, advances in our under-
standing of DR signaling revealed
that first-generation DR4/DR5 agonists
do not fully exploit the unique
signaling characteristics of TRAIL
receptor-mediated cancer cell death
(Ashkenazi, 2015; de Bruyn et al.,
2013). Specifically, rhTRAIL and con-
ventional agonistic DR4/5 antibodies
have no tumor-selective binding activ-
ity, whereas TRAIL receptors are ubiq-
uitously expressed on normal tissue
(Spierings et al., 2004). Consequently,
their efficacy may be hampered by a
target antigen sink of normal healthy
cells. Moreover, DR4 and DR5 have
distinct cross-linking requirements for
the induction of apoptosis. DR4 is
activated upon binding of rhTRAIL
(or conventional DR4 antibodies),
whereas apoptotic DR signaling re-
quires membrane-bound TRAIL or
secondarily cross-linked rhTRAIL (de
Bruyn et al., 2010; Nair et al., 2015).
Similarly, to gain therapeutic activity,
agonistic DR5 antibodies such as tiga-
tuzumab appear to require cross-
linking by Fcg receptors on myeloid
effector cells (Bruhns et al., 2009; Li
and Ravetch, 2013).

Here, we present a strategy for
melanoma-directed activation of
apoptosis using a bispecific antibody
with specificity for the melanoma-
associated chondroitin sulfate proteo-
glycan (MCSP) and DR5. In brief, a
bispecific tetravalent antibody, desig-
nated MCSPxDR5, was constructed
comprising the binding domains of
tigatuzumab and high-affinity anti-
MCSP mAb 9.2.27 complemented with
a human IgG1 Fc domain (Figure 1a).
MCSP is highly overexpressed on the
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Figure 1. Melanoma-associated chondroitin sulfate proteoglycan (MCSP)-directed apoptotic activity of

MCSPxDR5 toward melanoma cells. (a) Schematic diagram of the tetravalent bispecific antibody

MCSPxDR5. (b) SK-MEL-28(MCSPþ) and (c) DLD1(MCSPe) cancer cells were incubated with MCSPxDR5

(250 ng/ml) in the presence or absence of anti-MCSP antibody (mAb 9.9.27; 10 mg/ml). Next, cells were

stained using a polyclonal phycoerythrin (PE)-conjugated goat anti-mouse antibody and analyzed by flow

cytometry. (d) MCSPþ melanoma cell lines and MCSPe colorectal cancer cell line DLD-1 were

preincubated with MCSPxDR5 (2.5 mg/ml) or medium at 4 �C for 40 minutes, followed by 2 washes

with excess cold phosphate buffered saline. Subsequently, cells were incubated for 18 hours at 37 �C/5%
CO2, after which apoptosis was measured by flow cytometry using annexin V-FITC/propidium iodide (PI)

staining. (e) MCSPþ and MCSPe cancer cell lines were treated with MCSPxDR5 (1.0 mg/ml) or left

untreated, after which apoptosis was measured after 18 hours as in d. (f) MCSPþ and MCSPe cancer

cell lines were treated with MCSPxDR5 (1.0 mg/ml) or left untreated, after which cell viability was

determined by a tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-

2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) viability assay after 72 hours. Viability after

MCSPxDR5 treatment was calculated as percentage of medium control. (g) MCSPþ/DR5þ cell lines

MM-RU, SK-MEL-28, and A375M were treated with MCSPxDR5 (250 ng/ml) or left untreated in

colony-forming agar assays for 72 hours, after which the number of colonies was determined by

counting three fields of view per condition in triplicate. Number of colonies was represented as

percentage of colonies in medium control. (h) Representative light microscopic pictures of colony size

of A375M cells in medium control versus MCSPxDR5-treated conditions in colony-forming assay and

dose-response curve of colony size upon MCSPxDR5 treatment. Bar ¼ 100mm. (i) After approval of the

University Medical Center Groningen ethics review board and written informed consent, primary

patient-derived melanoma cells were obtained from surgical waste. Primary melanoma cells (n ¼ 11,

used before passage 4) were treated with MCSPxDR5 (1.0 mg/ml) or left untreated for 18 hours, after

which apoptosis was analyzed by flow cytometry using annexin V-FITC staining. Statistical analysis

was performed using two-sided unpaired Student t test. Statistical analysis of primary patient-derived

cultures in i was performed using the Mann-Whitney U test. *P < 0.05; ***P < 0.001. n.s., not

significant.
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