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TO THE EDITOR

Itch (or pruritus) is a common, sometimes unpleasansation that elicits an urge to
scratch. Chronic pruritus (defined as itch lastiog> 6 weeks) found in patients with
dermatological diseases including atopic dermat{#D) is often resistant to
conventional treatments, including antihistamir@sch itch is a clinical problem that
reduces the quality of life in patients (Warlichatt, 2015). However, the mechanisms
underlying chronic and intractable itch have narbelarified.

There is recent accumulating evidence from paieaeh that spinal microglial
activity plays a role in the pathogenesis of neatbjg pain. Neuropathic pain in animal
models is ameliorated by intrathecal administrat@inminocycline, an inhibitor of
activated microglia (Tikka and Koistinaho, 2001; Mihon et al., 2005). Meanwhile,
the role of spinal microglia in the developmenthbfonic and intractable pruritus, such
as AD, has not been fully elucidated. Additionalheg effect of minocycline on pruritus
of AD is currently unclear. We therefore investeghatthe antipruritic effect of
minocycline on AD using NC/Nga mice, a model of Alanaka et al., 2012).

Ten-week old male NC/Nga mice (Charles River Latmres Japan, Yokohama,
Japan), were maintained under clean conditionsadilinal procedures were approved
by the Animal Care and Use Committee of Juntendweédsity Graduate School of
Medicine. We used Bermatophagoides farinae body (Dfb) ointment-induced AD-like
mouse model (Dfb-NC/Nga) as described (Yamamotalet2009). Dermatitis was
induced by repeated application of Dfb ointmeno@ir, Kobe, Japan) twice a week for
3 weeks (Figure la). The severity of skin lesioreswgraded according to criteria
described (Matsuda et al., 1997). After inductseratching behavior was monitored for
12 hours using a SCLABAReal system (Noveltec, Kobe, Japan) as describeuhka
et al., 2012). Under sevoflurane anesthesia, tpaesenal water loss (TEWL) was

measured using a TewamétefM210 (Courage & Khazaka Electronic, Cologne,



Germany). Dfb-NC/Nga mice showed significant inse=a in number of scratching
bouts, dermatitis score and TEWL value (Figure &1®istribution of spinal microglia
in the Dfb-NC/Nga mice was examined immunohistodicaity with an antibody
against Ibal, a microglial maker (lto et al., 1998)creased numbers of spinal
Ibal-immunoreactive (Ibdl microglia were found in Dfb-NC/Nga mice compared
with control mice (Figure S1d -f).

We next examined the effects of minocycline ontstiag behavior and dermatitis
in Dfb-NC/Nga mice. Minocycline (Sigma-Aldrich, Stuis, MO) was dissolved in
sterile saline, and filtrated using sterile syrinfijeers. Intrathecal administration of
minocycline was performed according to the prevpdsscribed method (Hylden et al.,
1980). Mice with a dermatitis score >5 were trdatg intrathecal administration of
sterile saline (vehicle) or minocycline at dose$ @i 50 g in 5 pL saline three times a
week for 2 weeks (Figure 1a). In the treatment phasratching behavior was
monitored for 12 hours once a week (Figure 1a). ilmaber of scratching bouts was
significantly decreased after treatment for 1 weelb0 pg minocycline-treated mice
compared with control mice (Figure 1b). Minocyclwas more effective in alleviating
scratching behavior after treatment for 2 weekggyfé 1b). We also monitored
locomotion activity in the mice for 12 hours usiBGLABA®-Real software (Noveltec)
and found no significant difference among the thlgemips (Figure 1c). The numbers of
Ibal” microglia in the posterior area of the spinal caete also significantly decreased
after treatment for 2 weeks in 50 pg minocyclireated mice compared with control
mice (Figure 1d and le).

Dermatitis score was further assessed after eabhapplication in the treatment
phase (Figure 1a). In 50 pg minocycline-treatecemaermatitis score was significantly
decreased at 1 week after treatment, with impromenseistained throughout the

experiment (Figure 2a and 2b). The TEWL value imsdbskin lesions in the 50 pg



minocycline-treated mice was also decreased aftexeks of treatment (Figure 2c).

We also examined the effects of oral minocyclingteAD-like symptoms shown
in Figure S2a. Oral high-dose minocycline improwmatitis in the Dfb-NC/Nga
mice (Figure S2b). The systemic administration stwbva tendency to reduce the
numbers of scratching bouts (Figure S2c¢) and sptiradl microglia (Figure S2d).

The present study showed that intrathecal minoegdaliose- and time-dependently
suppressed scratching behavior in Dfb-NC/Nga muamcomitant with decreased
numbers of Ibal microglia. Oral minocycline also had a tendency stappress
scratching behavior and decrease numbers of Ibadroglial (Figure S2). Clinically,
minocycline is used as a broad-spectrum tetragydhintibiotic (Garrido-Mesa et al.,
2013). In addition to anti-inflammatory and immunmhalatory effects of minocycline
(Garrido-Mesa et al., 2013), it inhibits p38 mitogactivated protein kinase in the
microglia and thereby prevents their proliferatigfikka and Koistinaho, 2001).
Minocycline was also shown to reverse microgliacatesity in neuropathic pain models
(LeBlanc et al., 2011). A more recent study suggeshat spinal reactive astrocytes
play a role in itch sensitization of AD model mi¢ghiratori-Hayashi et al., 2015).
Therefore, although we cannot exclude effects afazycline on the astrogliosis, the
anti-scratching effect of minocycline may be astgaartly associated with inhibition of
microglial reactivity. This may be supported byeaant study indicating that scratching
activates spinal microglia in acute pruritic modete (Zhang et al., 2015a).

Moreover, removing the claws of NC/Nga mice, thugvpnting scratching,
successfully inhibited the induction and progressid dermatitis (Hashimoto et al.,
2004). We found that intrathecal minocycline imprdwskin barrier function (Figure 2c)
and dermatitis in Dfb-NC/Nga mice (Figure 2b). Datitis was also improved by oral
high-dose minocycline (Figure S2b). Thus, in additto the anti-inflammatory effect,

an anti-scratching effect by intrathecal minocyeliadministration may contribute to



improvement of dermatitis through prevention ohslarrier damage.

A recent study also indicated that intrathecal amsiiation of minocycline
suppressed scratching behavior in a contact ddrsn@&fiD) mouse model induced by
repeated applications of 2,4-dinitrofluorobenzeDBdlEB), although the anti-scratching
effect was not sustained after treatment (Zhangl.et2015b). Thus, given that the
pathophysiology and pathological process of ADdifferent from those of CD induced
by haptens, such as DNFB (Kabashima, 2013), theydwlogical efficacy may reflect

differences in the degree of microglial activation.
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Figurelegends

Figure 1. Effects of intrathecal minocycline on scratching behavior in Dfb-NC/Nga
mice. (a) Experiment schedule. After induction of dertistisaline or minocycline was
administered intrathecally three times per week2foveeks. (b) Scratching bouts were
significantly reduced after treatment with 50 pgqaaycline for 1 and 2 weeks. (c) No
significant difference in locomotion activity wasserved among the groups. (d)
Images of spinal Ibal-immunoreactive (IBamicroglia (green) in saline- and 50 pg
minocycline-treated mice. Scale bar; 100 um. (ee Tlumbers of spinal Ib&l
microglial significantly decreased after treatmesith 50 pg minocycline for 2
weeks. Data (mean = SI,= 7-8 per group) were compared by one-way analysis

variance and Bonferroni’'s method. P* 0.001, ****P < 0.0001 vs. control.

Figure 2. Effects of minocycline on dermatitis and transepidermal water loss
(TEWL) in Dfb-NC/Nga mice. (a) Representative images of lesional skin in
Dfb-NC/Nga mice before and after two weeks of meait with minocycline. (b) In the
50 pg minocycline-treated mice, dermatitis scores wignificantly decreased after 1
week of treatment, with improvement sustained foveeks P < 0.01). (c) The TEWL
value in the dorsal skin lesions significantly iroped after 2 weeks of treatment in 50
g minocycline-treated mice. Data (mean 83, 7-8 per group) were compared by
one-way analysis of variance and Bonferroni’'s méthtP < 0.05, **P < 0.01 vs.

control.



Figure 1. Torigoe et al.
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Figure 2. Torigoe et al.
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