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Capsule summary:
The antipruritic effect of JAK inhibitors is fash@ sustained in dogs with atopic dermatitis and
in human patients with psoriasis. The inhibitorgfges of these molecules might be more

related to their direct inhibition of TRPV1 rathtban that of JAKSs.
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To the Editor:

Janus-kinase (JAK) inhibitors are being proposedtfe treatment of cancer and
inflammatory diseases, such as atopic dermatit®¥) (Aheir mechanism of action, especially
that to reduce itch, remains speculative. The J@tkhitor oclacitinib is currently approved for
the treatment of lesions and pruritus in dogs With' while tofacitinib is under clinical
development for the treatment of the homologousdrudisease
(https://www.clinicaltrials.gov/ct2/show/NCT020011M8 In rodent and canine models of allergic

dermatitis and in human patients with psoriasisaog@ic dermatitis, the antipruritic effect of
JAK inhibitors is rapidly visibl&>. We suspect that the proposed mechanism of aation
pruritus (i.e. a reduction of signal transductifte@binding of pruritogenic cytokines, such as
IL-31, to their receptors) might not be the onlypkation for the fast onset and sustained
antipruritic action of JAK inhibitors. To identifgdditional mechanisms of action of the JAK
inhibitors oclacitinib and tofacitinib, we used ban vitro (dorsal root ganglia [DRG] neuronal
culture) andn vivo approaches in itch mouse models that are knove wependent and
independent of JAK signaling pathways. In this giwge observed that the JAK inhibitors
oclacitinib and tofacitinib exhibit broad anti-itgnoperties that appear linked to their inhibition
of TRPV1, the transient receptor potential catibarmel subfamily V member 1; this receptor is
known to play an important role in the transmissidboth pain and it¢h To illustrate the
involvement of TRPV1 in the anti-itch propertiesJ&K inhibitors, we used three different
approaches: firstn vitro calcium imaging in DRG neurons; secondltyyivo methods with a
mouse model of itch and one of capsaicin-induceédl, gad finally, we used TRPV1-transfected
AD293 cells.

We used murine primary sensory neurons and complaeeesponses evoked by several
types of pruritogens that are dependent and indEperof JAK signaling pathways. We
examined the activation of small-diameter DRG nesrg@nostly TRPV1-expressing ones) with
or without exposure to oclacitinib or tofacitinising Fura-2 ratiometric Gaimaging.!n vitro
treatment with these two JAK inhibitors resultedisignificant reduction in the response of
DRG neurons to the following stimuli: IL-31, TNFhistamine, compound 48/80, chloroquine,
protease-activated receptor-2 (PAR-2) activatingtide (SLIGRL-NH), capsaicin and a low
pH solution (Fig 1, A). However, the response of@®Reurons to serotonin (5-HT) and allyl
isothiocyanate (AITC) was not significantly changesdcompared to vehicle-only control group
after treatment with these JAK inhibitors (Fig 1aAd B).
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To examine if the JAK inhibitors also reduced ttof iresponsen vivo, we induced
scratching responses in mice with all the compouymmesiously tested on the primary DRG
sensory neurons. We confirmedvivo a similar inhibitory pattern after oral adminigioa of
the JAK inhibitors compared to the vehicle congup, whereas there was no change in itch
behavior following 5-HT (Fig 1, C). It has been slmabove that these two JAK inhibitors
reduced the itch induced by JAK-dependent cytokineslved in sensory perception, like
IL-313. However, our results indicated a broader actiam previously demonstrated with the
reduction of itch induced by JAK-independent commsithat included TNE histamine,
compound 48/80, chloroquine, and SLIGRL-NBSimilarly, we also observed a reduction of
pain (manifested by wiping behavior) induced byszagin, the latter being a specific agonist for
TRPVL1. In support of this proposed novel mechare$dAK inhibitors a strikingly similar
pattern of reduced scratching behavior to histapmgompound 48/80, and PAR-2 has similarly
been shown by a TRPV1 antagoni€hloroquine interacts not only with TRPV1, bug@vith
the other TRP ion channélsAdditionally, IL-31-induced itch is known to begendent on both
TRPV1- and TRPA1-expressing neuraristerestingly, we did not see any effect of tested
JAK inhibitors on TRPA1-associated sensory perogptiduced by AITC and 5-HT (Fig 1, A
and C¥. Following these observations, we hypothesizetittrebroad antipruritic effect of
oclacitinib and tofacitinib could be related toitigirect inhibition of TRPV1, rather than a mere
JAK inhibition.

To confirm the direct association between TRPV1 34K inhibitors, we examined tha
vitro andin vivo responses to IL-31, TNf histamine, compound 48/80, chloroquine,
SLIGRL-NH2, and capsaicin in TRPV1-knockout micewr@hibitory results are similar to
those previously publish&d and the inhibition pattern mimics that of the JiKibitors (Fig 2,

A and B).

To test the effects of the JAK-inhibitors in a mahaically-relevant chronic itch setting, we
used the toluene-2,4,-diisocyanate (TDI) inducediseanodel of chronic allergic itch. First, we
observed a significant increase in the expresdidR®V1-receptor positive neurons in the
DRG neurons of chronically challenged mice (Fig€2nd D). Second, TDI-challenged mice
topically treated with tofacitinib during the chattige phase showed a significant decrease in itch
behavior (Fig 2, E).

To further demonstrate a direct interaction of JAKibitors with TRPV1, we performed
Cc&* imaging on TRPV1-transfected AD293 cells and stddhe effects of oclacitinib and
tofacitinib on capsaicin-induced calcium influx.é'two JAK inhibitors significantly reduced the
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response in TRPV1-transfected cells to capsaiomusition (Supplemental Fig 1, A). Finally,
we conducted matrix-assisted laser desorption/aioz (MALDI)-ultra-high resolution mass
spectrometry (MS) experiments on TRPV1 immunopitatgs isolated from the
TRPV1-transfected AD293 cells (Supplemental Fig)l ,We could detect higher concentrations
of JAK inhibitors in TRPV1-transfected AD293 cetismpared to vehicle-treated as well as
mock-transfected AD293 cells (Supplemental Fig &n@ D) although there were still some
traces of JAK inhibitors in mock-transfected galigflemental Fig 1, C). As a small Tanflux

to higher concentration of capsaicin was also faonnaock-transfected cells, a low level of
TRPV1 expression was likely present in wild typ#scd-uture studies will include radio-ligand
experiments to demonstrate a direct binding to TRPV

The inhibition of itch by JAK inhibitors has beegported to be both fast and sustained in
dogs and human patients with psoriagig€ However, this is difficult to explain by just the
reduction of itch signaling by a few cytokinesgik.-31. This direct inhibitory action on
TRPV1 is likely the missing link, explaining thedad inhibitory action of JAK inhibitors
oclacitinib and tofacitinib.

In summary, our results indicate a much more cohgnmsive relief of itch by JAK
inhibitors which is mediated through TRPV1-receptand not just by inhibiting the signal
transduction of itch-inducing cytokines. In additito itch inhibition, the reduced response to
capsaicin by JAK inhibitors indicates an extengbpossible benefit in attenuating pain
transduction via TRPV1, as already documented iiepia with rheumatoid arthritis. Our study
provides a novel mechanism for the anti-pruritie raf JAK inhibitors through TRPV1-receptor
channels.
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Legends for Figures

FIG 1. Inhibitory effect of oclacitinib and tofacitinib opruritogen-induced G increase in
mouse sensory neurons and pruritogen-evoked sorgfaliping behavior in miceA and B,
Percentage of several pruritogen-induced respansemuse DRG neurons pre-treai@edvitro

with vehicle-only, oclacitinib or tofacitinib for inin. Numbers of neurons tested are given in
parentheses. *: P < 0.05 and **: P < 0.01 (Fishecetest) vs. vehicle-only group, Example
recordings show cytosolic €aincrease (Ratio 340ex/380ex) for a single regibrinterest
(ROI) taken every 100m€&, Scratching or wiping (capsaicin) response aftal administration

of JAK-inhibitors to several pruritogens in miceedrlts are expressed as mean +1 S.D. (n = 8
per group). *: P < 0.05 and **: P < 0.01 (Dunnettwiltiple comparison test) vs. vehicle-only

control group.

FIG 2. Inhibitory effect of tofacitinib on pruritogen-indad C&" increase in TRPV1 KO mouse
sensory neurons, pruritogen-evoked scratching/gigsehavior in TRPV1 KO mouse and
TDI-induced chronic itch in BALB/c mouseA, Percentage of several pruritogen-induced
responses in TRPV1 KO mouse DRG neurons pre-tr@atetto with vehicle-only or tofacitinib
for 1 min. Numbers of neurons tested are givenaremptheses. *: P < 0.05 and **: P < 0.01

(Fisher exact test) vs. vehicle-only gro@p.Scratching or wiping (capsaicin) response aftat or
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administration of tofacitinib to several pruritogeim TRPV1 KO mice. Results are expressed as
mean = 1 S.D. (n = 6 per group). *: P < 0.05 andP* 0.01 (Studentstest) vs. vehicle-only
control group. C, Immunohistochemistry of DRG from TDI-induced chionitch model
demonstrates increased number of cells positive TRIPV1-receptors.D, Expression of
TRPV1-receptor positive neurons in the DRG from “i@luced chronic itch mice. Results are
expressed as mean =1 S.D. (n = 6 per grou®.< 0.05 (Student'stest) vs. control groufk,
Scratching response after topical application dhdibinib during the challenge phase of
TDI-induced chronic allergic dermatitis. Result® axpressed as mean + 1 S.D. (n = 6 per

group). **: P < 0.01 (Studenitest) vs. vehicle-only control group.
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