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M echanisms of broad-band ultraviolet B irradiation-induced itch in mice
A bstract

A lthough sunburn can produce severe uncontrollable itching, the underlying
mechanisms of ultraviolet (UV ) irradiation-induced itch are poorly understood
because of a lack of experimental animal models of sunburn itch. Here we
established a sunburn-related mouse model and found that Broad-band UVB
(BB-UVB)irradiation elicited scratching butnotwiping behaviorin mice.By using
a combination of live-cell Ca2+ imaging and quantitative RT-PCR on dorsal root
ganglion (DRG) neurons, hematoxylin and eosin staining, immunofluorescence
staining of skin preparations, behavioral testing, in combination with genetic and
pharmacological approaches, we showed thatTRPV 1-positive DR G neurons butnot
mastcells areinvolved in BB-UV B irradiation-induced itch. M oreover, both genetic
and pharmacological inhibition of TRPV 1l function significantly alleviated
BB-UVB irradiation-induced itch response. Collectively, our results suggest that
BB-UVB irradiation evokes itch sensation in mice through promoting TRPV 1
channel function in DRG neurons and provide potential therapeutic targets for

sunburn-related itch.

K eywords: Sunburn-related itch; BB-UVB; TRPV 1; Itch model



Introduction

Sunburn or ultraviolet (UV ) dermatitis, often occurring in vacationers and farmers,

is a skin phototoxic reaction to UV radiation, which is generally associated with

erythema, pustules, heat sensitization, followed by tanning and epidermal

thickening (Han and M aibach, 2004). Besides skin inflammation, sunburn-related

itch, also known as the hell's itch (Wilder-Smith, 2019; Berry, 2018), is a

debilitating condition which can severely impair quality of life. Due to a lack of

experimental animal models, the molecular and cellular mechanisms of

sunburn-related itch remain largely unknown.

The mostcommon form of UV radiation is sunlight, which produces three types of

UV rays: UVA,UVB and UV C (Supplementary Figure S1) (Gupta et al.,2013).

Because UV C is absorbed by ozone, ambient sunlight is predominantly

long-wavelength UVA (320-400 nm) (90% -95% ) and short-wavelength UV B

(290-320 nm) (5% -10% ) (Tuchinda etal.,2007).1thas been shown thatUVA could

penetrate deeply into the dermis, promoting the production of early melanin

synthesis through activation of the cation channel transient receptor potential

ankyrin 1 (TRPA 1) (Bellono et al., 2013). On the other hand, UV B is primarily

absorbed by the epidermis. A lthough narrow-band UVB (NB-UV B, ~311 nm) was

reported to cause sunburn-induced pain sensation by activating

keratinocyte-expressed TRPV4 channel (Moore et al.,, 2013), NB-UVB

phototherapy is widely used for the treatment of psoriasis, atopic dermatitis, and
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vitiligo. However, the role of broad-band UVB (BB-UVB, 290-320 nm) in the

setting of sunburn-related skin damage remains unclear.

In the present study, we first established a mouse model of sunburn-related itch. We
found that BB-UV B irradiation selectively promoted the function of TRPV 1
expressed by primary sensory neurons to induce an itch-associated scratching
behavior in mice. These findings identify TRPV 1 as a potential drug target for the

treatment of UV B irradiation-induced itch.
R esults
BB-UVB irradiation evokes an itch-associated behavior in mice

To investigate whether BB-UV B exposure promotes pathological skin conditions,
we irradiated wild-type (wt) C57BL/6J mice on day 0 with different doses of
BB-UVB (Figure 1a). Surprisingly, compared with white-light irradiated group, a
. . o . 2

single exposure to BB-UV B irradiation with power® 400 mJ/cm on the nape of the

neck area was able to elicita robustscratching behaviorin mice, reaching a plateau



A fter confirming that BB-UV B elicited a robust scratching behavior in mice, we
next determined whether this behavior resulted from pain or itch by using the
well-established cheek model (Spradley etal.,2012).Surprisingly, when exposed to
mouse cheek, BB-UVB irradiation (800 mJ/cmZ) selectively produced a
robustitch-associated scratching by a hind paw but not pain-associated wiping by a
forelimb towards the site of irradiation (Figure 2a-c). In agreement with this
finding, the BB-UV B irradiation-induced scratching behavior was selectively
suppressed by an anti-pruritic p-opioid receptor antagonist, naltrexone (Figure 2d),
but not ibuprofen, a pain-inhibiting nonsteroidal anti-inflammatory drug (NSAID)

2
(Figure 2e).In marked contrast, exposure of the NB-UV B irradiation (800 mJ/cm )



iImmune cells mediates acute/chronic itch in mudtiplouse models of itch (Luo et
al., 2018; Chen et al., 2016). To determine whethese TRP channels are also
involved in BB-UVB-induced itch, we tested BB-UVBadiation on mice deficient
in Trpal, Trpvl or Trpv4. Interestingly, genetidadlon of Trpvl function readily
abolished BB-UVB-induced itch, whereas a deficiemeyTrpal or Trpv4 had
negligible effect on BB-UVB-induced scratching beloa (Figure 3a). In
agreement with this observation, subcutaneoustiajeof resiniferotoxin (RTX), a
super potent TRPV1 activator that ablates TRPV Iresging (TRPVT) primary
sensory afferents (Riol-Blanco et al., 2014), mdikeeduced BB-UVB-induced
scratching when compared with vehicle-treated midegure 3b and

). Furthermore, both preventative and acute
pharmacological inhibition of TRPV1 function by AMB10, a specific TRPV1
antagonist, effectively suppressed BB-UVB-inducgzh iin both initiation and
plateau phases (Figure 3c and d). These findimgagly suggest that TRPV1
channel function is required for BB-UVB-inducedhtsensation and inhibition of
TRPV1 function might be a promising strategy fa treatment of sunburn-related

itch.
TRPVL1 is dispensable in BB-UVB-induced inflammation

Bi-directional interactions between cutaneous imeneells and sensory nerve
endings are a unique paradigm contributing to ls&th inflammation and chronic

itch (Oetjen et al., 2017; Feng et al., 2017).regéngly, UV stimulation of dermal
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mast cells was shown to be a key event leading to UV-induced inflammation
(Sarchio et al., 2012). To determine whether this bidirectional positive feedback
loop is also involved in BB-UVB-induced itch, we tested BB-UVB-induced
. . . L . Wesh ,, . .
scratching behavior in mast cell-deficient Kit sash mice. Surprisingly, no
significant difference was found in the BB-UV B-induced scratching responses
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between the “sash” mice and the wt mice (Figure 4a). Moreover, although the skin
thickness was significantly increased in both Trpvl-deficient mice and wt mice
treated with BB-UV B irradiation when comparing with the sham group, no
significant difference in skin histology or skin lesion scores was found between
these two groups (Figure 4b-d). Together, these results suggest that TRPV 1

functionis notinvolved in BB-UV B-induced skininflammation and the neural-mast

cell interaction is dispensable for BB-UV B-induced persistentitch in mice.
+
BB-UVB sensitizes TRPV1 DRG neurons

Having provided convincing data showing that BB-UV B irradiation-induced itch
was TRPV 1-dependent, we next investigated the potential mechanism underlying
TRPV 1activation after BB-UV B irradiation. To testthe possibility thatTRPV 1 may
be directly activated by BB-UV B irradiation, we performed whole-cell patch-clamp
recording on HEK 293 cells transiently transfected with mouse TRPV 1l plasmid.
Surprisingly, BB-UVB irradiation did not activate detectable current while
capsaicin induced a TRPV l-dependent current (Supplementary Figure S4).

Furthermore, TRPV1 activation W as not a consequence of BB-UV B



irradiation-induced temperature increase in the sl8 we showed that the skin
temperature was not significantly changed in theeabe and in the presence of

BB-UVB irradiation SupplementaryFigure S9.

Alternatively, up-regulation of neuronal TRPV1 eagsion and function might
contribute to BB-UVB-induced itch. To test this logpesis, we freshly isolated and
cultured DRG neurons innervating the irradiated skiea 3 days after BB-UVB
irradiation and measured the expression of itcateel TRP channel genes using
real-time PCR. BB-UVB irradiation led to a dramaticrease in the expressions of
Trpvl and Trpal while the expressions of Trpv3,vA&plrpcd and Trpm8 were
comparable between the BB-UVB irradiation group #émel sham control group
(Figure 5a). This finding prompted us to investigate if BB-BVirradiation
promotes TRPV1 function in DRG neurons using Ii\%dal—Ca2+imaging since we
have shown that TRPV1 but not TRPAL is essentiaBBsUVB-induced itch.
Indeed, the proportion of DRG neurons respondedda concentration (10 nM) of
TRPV1 agonist capsaicin was significantly largetha BB-UVB-irradiated mice
when compared with sham control mice, although dénghoncentrations of
capsaicin (100 and 300 nM) evokedzb&sponses in comparable numbers of DRG
neurons in both groups (Rige 5b and Supplementary Figure SH Taken
together, these data suggested that up-regulatitre expression and function of
TRPVL1 is critically involved in BB-UVB irradiatiomduced sensitization of
pruriceptors, leading to itch-associated scratching
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It should be noted that TRPV1 expression was ndecedfd until day 3
(Supplementary Figure S7j. On the other hand, we did observe an increased
proliferation of keratinocytes and infiltration afacrophages starting from day O
(Supplementary Figure S8, suggesting a potential epidermal factor/immune
cell-mediated sensitization of TRPV1 function ie #arly stage and upregulation of

TRPV1 expression in the late stage in BB-UVB-induieh signaling.
Discussion

In the present study, we established a mouse nodd¢V irradiation-induced itch
and demonstrated that acute exposure to BB-UVB ptesiTRPV1 expression and
function, leading to itch-associated scratchingawedr in mice. The inhibition of
TRPV1 function by either pharmacological or genetpproach is sufficient to
alleviate BB-UVB-induced itch. Collectively, thedendings provide a unique
mouse model for the study of BB-UVB irradiationatsdd itch and identify a

cellular mechanism of UV irradiation-induced itchthe periphery.

Although pathological skin conditions caused byessive UV exposure have been
described at length, most of the studies focusethemrffects of UV irradiation on
epidermal keratinocytes and immune cells. For m#a UV irradiation caused
DNA damage in keratinocytes (de Pedro et al., 2@18) suppressed cell-mediated
Immune function, resulting in the development ahskancer and susceptibility to

infectious diseases (Kelly et al., 2000). Interegil, we found that RTX-treated
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mice showed fewer scratching bouts when comparddthe vehicle-treated mice
after BB-UVB irradiation, suggesting that BB-UVBradiation may also affect

primary sensory nerves that are critical to theahon of both pain and itch.

Recent exciting studies have significantly advanoed knowledge about the
important roles of TRP channels in the developnoétdV irradiation-related skin

diseases. For instance, epidermal-expressing TRéhN&hnel was reported to
mediate the NB-UVB-induced pain behavior in miceofve et al., 2013). TRPC7
channels mediate UVB-induced €anflux which is Important to skin aging and
tumor development (Hsu et al., 2020). Moreover, eeal showed that TRPV1

nerve is significantly increased in aged and phggdahuman skin (Lee et al.,
2009). Consistent with these studies, we also fainatl the expression level of
TRPV1 but not TRPV3, TRPV4, TRPC4 and TRPMS8 chammals upregulated in
individual DRG neurons, leading to a much higheceetage of DRG neurons from
BB-UVB-irradiated mice responsive to a low concatitm of capsaicin when
compared with the sham group. Interestingly, thegr@age of TRPV1-responsive
neurons to 300 nM capsaicin were comparable betwegre, sham group and
BB-UVB-irradiated group at day 3, suggesting anregdlation in TRPV1

expression rather than an expansion TRPNurons upon BB-UVB irradiation.
Although TRPA1 expression was also increased in EfRG neurons by

BB-UVB-irradiation, TRPA1 knockout mice didn’'t shoany reduction in itch

behavior after BB-UVB-irradiation. InterestinglyeBono et al showed that TRPA1
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Is expressed by human melanocytes and can be Idiractivated by UVA,

contributing to enhanced pigmentation through uplagn of melanin synthesis
(Bellono et al., 2013). It will be interesting tovestigate whether BB-UVB-induced
activation of neuronal TRPA1l is involved in skingmientation through

neuron-melanocyte interaction in mice in futuredsta.

It is well-established that neural-immune interactihas been involved in the
development of itch sensation (Wang et al., 20F@y. example, activation of
TRPV1' nociceptors by house dust mites promotes mastdegjtanulation that
drives allergic itchy skin diseases (Serhan et2#l19). However, we observed no
reduction in BB-UVB-induced scratching behavior nmast cell-deficient mice,
suggesting that mast cells are unlikely involved time development of
BB-UVB-induced itch. Moreover, although TRPV1 is dispensable for
BB-UVB-induced itch, it is not required for BB-UVBxduced inflammation,
further suggesting that distinct molecular and utatl mechanisms might be

involved in itch and skin inflammation producedBig-UVB irradiation.

Although we showed that TRPV1 is involved in BB-UWBadiation-induced itch
in mice, the mechanisms underlying TRPV1 activatignBB-UVB irradiation
remain unclear. There are at least two possikslitterstly, TRPV1 channel may be
directly activated by BB-UVB irradiation. Howevd8B-UVB irradiation could
not evoke TRPV1-mediated current. Moreover, then sieimperature was not

significantly affected by BB-UVB irradiation . Indd, Baumbauer et al showed
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that optogenetic activation of keratinocytes evoladion potential firing in
various types of skin sensory fibers (Baumbagieal., 2015); Oetjen et al also
showed that type 2 cytokines released from immuedls could activate sensory
neurons in both mice and humans (Oegeal., 2017), indicating the possibility
that TRPV1-expressing fibers may be activated kg ileurotrophins/cytokines
released from keratinocytes/immune cells upon BBBUYfadiation. Consistent
with this hypothesis, we found accumulation of nogtrages and increased
proliferation of keratinocytes starting from daydday 3, which was correlated
with the scratching behavior in the BB-UVB-irradidtmice. Taken all these data
together, we speculated that TRPV1 may functiothasdownstream target of
keratinocytes/immune cells and mediate BB-UVB-iretlgtch sensation rather
than a direct activation by BB-UVB irradiation. Mor studies with
pharmacological/genetic approaches are requiredardy the epithelia-neuronal
and/or immune-neuronal crosstalk underlying BB-UMHBuced activation of

TRPV1 in the future.

In summary, we showed that BB-UVB-irradiation indadtch sensation in mice
through promoting the expression and function & $ensory neuron-expressed
TRPV1 channel. Identification of TRPV1 as the itnhdiator in BB-UVB-induced
itch will not only advance our understanding of delular and molecular basis of
sunlight-induced itch sensation but also shouldlifate the development of
TRPV1-based therapeutics for UV-irradiation-related management.
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Materials & Methods

Animals

Adult C57BL/6J (Jackson Laboratories), Trpvl'/' (Jackson Laboratories), TrpaI/'
(Jackson Laboratories), Trpv44' (Suzuki et al., 2003and mast cell deficient Ki%/\lm
“sash” mice (Jackson Laboratories) were used in ti study. All the transgenic mice
were backcrossed with C57BL/6J mice for more thaneh generations. Both male
and female mice were used in the study as no seXelience was observed. All mice
were housed under a 12-hour light/dark cycle withree access to food and water. Al
experments were approved by the Animal Studies Comttee at \WWashington
University School of Medicine and were performed inaccordance with the
guidelines of the National Institutes of Health andhe Intemational Association for

the Study of Pain.
Mouse model of UV irradiation

The side area designated for UV stimulation was stad from the nape of the neck to
the lateral abdomen. Mice were acclimated for onedur in 2 consecutive days by
placing them individually in a recording chamber. On the third day, mice were

videotaped and hindpaw scratching bouts were courteas baseline (Figure la
lower panel). On the day of expenment (marked asay 0), mice were anaesthetized
by 2% isoflurane inhalation. The UV photo-therapy cevice (SolRx 100-Series,

Solarc Systems, Ontario, CAN) was placed on the tay the round gasket, allowing
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circular light stimulatioronly to the shaved skin are&igure & upper pangl/
Alfter a specific dose of UV irradiation, mice wemgnediately videotaped, and the
number of scratching/wiping bouts was couniéeé skin surface temperature was
tested witha digital thermal meter and reagnificant temperature changes were
detectediuring the irradiation procegSupplementaryigure S5, excluding the
possibility of thermal activation of TRPV1 by UWfadiation A digital UV meter
(Solarmeter, Queensiand, AUS) was used to meabkar&V power densityThe
irradiation dose (mJ) was determined by the folfmyvformula: UV intensity (5
mW/cn72) X exposure time x exposure area (12 éom each mouseln our stuay,
the UVB intensity which wasmeasured by UV melels smWier?, The time
required to reach the dose of 200 mJ, 400 mJ, 80@rrd 1600 mJ eve40 s, 80 s,
160 s, 320 ,srespectively. The power density of the UVA is 3 M the time
required to reach the dose of 200 mJ, 1000 mJ, BAD@000nJwere67s, 333s,

667s and 2008, respectively.

Three types of UV short compact fluorescent lampsewesed inthis study.
BB-UVB lamp (a two pin 9valtt type (PHILIPS ps9w/12/2p)) emitsight in a
broad range over the UVB spectrum, including therteln wavelengths responsible
for sunburn/Narrow band IB)-UVB tube (PHILIPS pl9w/01/2p) only generates
UVB-narrowband at 311 nm and has fewer clinically agnincidents than
BB-UVB. According to manufacturers introductiadBB-UVB is considered a more
aggressive UMight therapy than NRJVB and has a much greater sfinrning
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potential. A two pin 9-watt bulb (PHILIPS pl-sOw/?p) was used to deliver

harmful UVA radiation (320 to 400 nm).
Mouse cheek model

The right cheek of mice was shaved and acclimatectf least two days before
irradiation. At day 0, a dose of 800 mJ UVB shinaghe cheek through a smaller
circular hole of the gasket. All mice were videadpfor one hour and the
scratching/wiping bouts were counted. The discration of wiping, scratching and

grooming behavior refers to previous authoritasutely (Akiyama et al., 2010).
Drug administration

The analgesic drug ibuprofen (Sigma-Aldrich, Stuisp MO) and antipruritic drug
naltrexone (Sigma-Aldrich) were administrated tlylou.p. injection into the mice
on day 0. Forty minutes later, the mice were expaséJVB stimulation. From day
1 to day 7, these drugs were repeatedly givermidé were videotaped for one hour
and the corresponding scratching bouts were counf@dG9810 (Tocris
Bioscience, Bristol, UK) was dissolved in DMSO aghtuted with 0.9% saline
before use. Preventative and therapeutic applicati®.003 mg/kg AMG9810 was

started from day 0 and 3, respectively.
Quantitative RT-PCR

Total RNA was extracted from freshly isolated mo$eG neurons by RNeasy kit

(Qiagen, Germantown, MD) according to the instutdi RNA was treated with
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DNase | (Invitrogen, Carlsbad, California) and ¢iNA was synthesized in vitro
using ThermoScript RT-PCR System kit (Invitrogd®gactions were carried out in

a volume of 2Qul per reaction containing 10 Fast SYBR™ Green Master Mix
(Applied Biosystems, Foster City, CA), ubcDNA, 1.2ul 5 uM primer mix, and

8.3 ul ddH2O using StepOnePlus real-time PCR system (AppliezsyBtems,
Foster City, CA). Relative mRNA levels of differetarget genes referenced to
GAPDH were calculated usingAﬁﬂmethods. Primer sequences used for each gene
were selected from pre-validated PrimeTime gPCRayasqIntegrated DNA
Technologies, Coralville, lowa). Primer sequen&et(3’) of each gene were listed

as following:

MTRPV1 F: ACCACGGCTGCTTACTATCG
R: TCCCCAACGGTGTTATTCAG

MTRPV4 F: CCTGCTGGTCACCTACATCA
R: CTCAGGAACACAGGGAAGGA

MTRPAL F: CCATGACCTGGCAGAATACC
R: TGGAGAGCGTCCTTCAGAAT

MTRPM8 F: GCTGCCTGAAGAGGAAATTG
R: GCCCAGATGAAGAGAGCTTG

MTRPV3 F: TGACATGATCCTGCTGAGGAGTG

17



R: ACGAGGCAGGCGAGGTATTCTT

MTRPC4 F: CGACCATGCAGATATAGAATGGAA
R: TGGTATTGGTGATGTCTTCTCAAG

GAPDH F:GCACAGTCAAGGCCGAGAAT

R: GCCTTCTCCATGGTGGTGAA

Chemical ablation of TRPV1+sensory nerves

Resiniferatoxin (RTX) (Sigma-Aldrich), a capsaicianalog, was injected
subcutaneously into 4-week-old mice at three irtngadoses (30, 70, and 100
ug/kg) for 3 consecutive days as we have descrilb@mget al., 2017). Vehicle
group was treated with vehicle solution (DMSO ingyBMice were allowed to rest
for 6 weeks before behavioral test. The effectiganef RTX ablation of TRPV1+

primary afferents was validated by the talil flidsay (Supplementaifigure S3.
Isolation and short-term culture of mouse DRG neuras

Mice were sacrificed three days after BB-UVB irthn. The vertebral column
corresponding to the stimulated skin area was rexhand placed in ice-cold
HBSS. DRG neurons were then acutely dissociated teantsferred to 1 ml
dispase/collagenase Type | mixture containing 4 IUfhispase, 342 U/ml
collagenase | in pre-warmed 1 x HBSS without phead| and incubated at 37°C

for 30 min. After incubation, the solution was adoged, and the liquid
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supernatant was discarded. The DRG neurons wesespeended in neural culture
medium containing 2% B-27 supplement, 1% L-glutaamibO0 U/mL penicillin,
100 ug/mL streptomycin, and 50 ng/mL nerve growttidr. Then, the neurons were
placed on a 5-mm coverslip coated with poly-L-lesifiOug/mL) and cultured
under a humidified atmosphere of 5% £J@5% air at 37°C for 18 to 24 h before

further experiment.

Live-cell Ca2+imaging

Fura-2-based ratiometric measurement of{fLavas performed as we have
previously described (Feng et al., 2017). DRG nesirwere loaded with 4M
Fura-2 AM (Life Technologies, Grand Island, NY)aunlture medium at 37°C for 60
min. Cells were then washed 3 times in wash byffer wash buffer containing:
HBSS 20 x 50 ml, CagkM x 1 ml, HEPES 2.38 g, and glucose 1.8 g, su#ct@s26
g, pH 7.40) and incubated in HBSS at room tempezaffor 30 min before use.
Fluorescence at 340 and 380 nm excitation wavdbsngtas recorded on an
inverted Nikon Ti-E microscope and NIS-Elements ging software (Nikon
Instruments Inc, Melville, NY). Fura-2 ratios (F3BB80) reflecting the change in
intracellular C&" upon stimulation were recorded. Values were obthfrom 100 to
250 cells in time-lapse images from each coverdslipe threshold of cellular

activation was defined as 20% above the baseline.

HEK?293 cell culture and transfection
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HEK 293 cells were grown as a monolayer using passage numbers less than 30 and
m aintained in DM EM (Life Technologies, Carlsbad, CA,USA),supplemented with
10% FBS (Life Technologies), 100 U mL-1 penicillin, and 100 pg mlL-1
streptomycin in a humidified incubator at 37°C with 5% CO ) The cells were
transiently transfected with a ¢cDNA for mouse TRPV1l (mTRPV 1) wusing
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) with a ratio of 0.8:2.

Following transfection, the cells were maintained in DM EM at37°C for 24 h before

Patch- clamp recordings

W hole- cell patch- clamp recordings were performed using an A xon 7008B
amplifier (M olecular Devices, Sunnyvale, CA, USA ) at room temperature (22-
24°C ) on the stage of an inverted phase- contrast microscope equipped with a filter
set for GFP visualization. Pipettes pulled from borosilicate glass (BF 150- 86- 10;
Sutter Instrument, Novato, CA, USA ) with a Sutter P- 1000 pipette puller had
resistances of 2-4 M Q , when filled with pipette solution containing 140 mM CsCl, 2
mM EGTA and 10 mM HEPES with pH 7.3 and 315 mO sm L_losmolarity.The
w hole- cell membrane currents were recorded using voltage ramps from -100 to
+100 mV for 500 ms at a holding potential of 0 mV. D ata were acquired using
Clampex 10.4 software (M olecular Devices). Currents were filtered at 2 kHz and
digitized at 10 kHz. D ata were analyzed and plotted with Clampfit 10 (M olecular

D evices).
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Skin lesion score

The severity of BB-UVB induced mouse skin lesiorswaasessed using the standard
scores of Leung (Leung, 1997). In brief, symptonmstch (erythema, edema,
scarring, and decrustation) were evaluated. Eaghvgas graded from O to 3 (none,
0; mild, 1; moderate, 2; severe, 3). The total sasrdefined as the sum of the

individual scores, which ranges from 0 to 12.
Histological evaluation of skin lesion

Mouse skin was harvested and then fixed in 4% paraldehyde in

phosphate-buffered saline (PBS), dehydrated in 30&0se, and embedded in
OCT. The tissue was cut into twelve-micron sectiona Leica CM1950 cryostat
(Leica Biosystems, Buffalo Grove, IL). Hematoxyland Eosin staining was
performed according to standard protocols. After ittmaging is completed, the
Image-Pro Plus 6.0 analysis software is used. Tred was uniformly used as the
standard unit to measure the thickness of the deemis randomly selected in each

slice. Each group contains 3 HE slices from 3 mice.
Spared Nerve Injury (SNI) model

C57BL/6J mice were subjected to peripheral neuropathy ieduxy SNI operation
(Liu et al., 2015). In brief, the mice were anesttesl and the biceps femoris muscle
was exposed. A section was made through the bfeaparis to further expose the
sciatic nerve and its three terminal branchesstinal, common peroneal, and tibial
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nerves. The common peroneal and tibial nerves tghdy ligated with 6.0 silk
suture. The nerve stump distal to the ligation veasoved (2 to 4 mm). The muscle
and skin were then separately closed. For shamesurthe sciatic nerve was
exposed as described above, with no operationseondrve. And the measurement

of mechanical pain threshold was testedva Frey test.
Data Availability Statement

Datasets related to this article can be foundtpt/htx.doi.org/10.17632/zjhv332x

2.1, hosted at Mendeley Data.
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Figure L egends

Figure 1. BB-UVB irradiation evokes scratching behavior in mice. (a) Diagram illustrating the device and
experimental protocol used for the generation of a mouse model of UV irradiation-induced itch. Upper panel:
The UV-emitting device (1) targeting a small skin area is placed on the metal shelf (2) and parallel to the shading
gasket (3), which ensures that the UV light source can only pass through the circular hole on the gasket with an
area of 1 cm2. T his design enables the circular frame aligned with the circular hole on top of the mouse back
skin. Lower panel: T he time course used to generate the mouse model of UV irradiation-induced itch. (b) D ose

2 300

and time-dependent scratching responses in mice irradiated by BB-UV B irradiation. n = 5 for 1600 mJ /cm
mJ/cm2 and 400 mJ/cngroup, n = 6 for 200 mJ/cm2 and sham group. (c) UVA irradiation did not induce
scratching in mice. n= 5 for each group. (d) NB-UV B (800 mJ/cmz) induced a short-lived scratching responsein
mice. n = 5 for each group. All data were expressed as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001,

two-way ANOVA with post hoc B onferroni test.
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Figure2.BB-UVB irradiation evokesitch but not pain sensation. (a-b) Hindpaw scratching (a) and forepaw
wiping (b) behaviors induced by BB-UV B irradiation on the cheek of mice.n = 6 forBB-UV B group, n=5 for
sham group. (c) R epresentative image showing a typical hindpaw scratching behavior in a mouse after BB-UV B
irradiation on the cheek. (d-e) BB-UV B-evoked scratching in mice treated with naltrexone (10 mg/kg) (d), n =
11 for each group or ibuprofen (150 mg/kg) (e), n = 12 for each group. (f-g) Scratching (f) and wiping (g)
behaviors evoked by NB-UV B irradiation on the cheek of mice. n = 5 for each group. (h) NB-UVB-induced
wiping behavior in mice treated with vehicle or ibuprofen (150 mg/kg). n = 5 for each group. (i) SNI-induced
neuropathic pain behavior in mice treated with ibuprofen (150 mg/kg) or vehicle. n = 5 for each group. A ll data
were presented as mean + SEM and analyzed with two-way ANOVA with post hoc B onferroni test. *p < 0.05,

**p < 0.01, ***p < 0.001, ns, notsignificant.

Figure 3. TRPV 1 mediates BB-UV B-induced itch. (a) BB-UV B-induced scratching behavior in wt, Trpvl'/-,
Trpal_/_and Trpv4_/'mice. n=12forwt(C57BL/6J), n= 11 for Trpvl_/', n= 14 for Trpal'/_, n= 14 for Trpv4_/_. All
mice were backcrossed to the C57BL/6J background for more than 10 generations. (b) BB-UV B-induced
scratching in mice treated with vehicle or RTX. n = 10 for vehicle group, n = 12 for RTX group. (c-d)
BB-UV B-induced scratching in mice treated with AMG 9810 (0.003 mg/kg) or vehicle starting from Day 0 (c, n
=7 for AMG9810 group, n = 9 for vehicle group) (preventative) or Day 3 (d, n= 6 for AMG9810 group, n = 10
for vehicle group) (acute inhibition). All data were presented as mean + SEM and analyzed with two-way

ANOVA with post hoc Bonferroni test. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure4. TRPV1lisnotinvolved in BB-UVB-induced skin inflammation and mast cell-deficiency does not
affect BB-UV B-induced persistent itch. (a) BB-UV B-induced scratching in wt littermate control and mast
cell-deficient sash mice. n = 7 for each group. ns, not significant, two-way ANOVA with post hoc B onferroni
test. (b) BB-UV B-induced skin lesion score between wt and Trpvl/ mice. n = 6 for wt group, n = 6 for Trpvl/
group. ns, not significant (c) Statistical analysis of the relative epidermal thickness in wt, Trpvl/, and sham
groups. All data were presented as mean + SEM and analyzed with Student t test. ***p < 0.001, ns, not
significant. (d) R epresentative histological images from wt, Trpv1/, and sham groups at day 3. Scale bar = 200

pum.

Figure5.BB-UVB irradiation sensitizes DR G neurons through promoting the expression and function of
TRPV1. (a) BB-UVB irradiation-induced changes in the expression of mRNA transcripts of Trpvl, Trpal,
Trpv3, Trpv4, Trpcd and Trpm8 in DR G neurons. (b) R epresentative traces showing [C a2+]i responses evoked by
10 nM, 100 nM, 300 nM of capsaicin (3-4 independent repeats) in DRG neurons innervating the irradiated or
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sham-treated skin. 100 mM KCI was used as postibrérol. Each colored line represents an indivicugl.
Statistics were shown on the right. All data warespnted as mean £ SEM and analyzed with Studest. *p
< 0.05, *p < 0.01, ns, not significant.
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Supplementary Figure S1. Effects of UV associatedith different wavelengths on skin. UV

radiation in the sunlight could be divided into UVA, UVB and UVC based on the wavelength.
UVA (320 to 400 nm) could penetrate into the demdhyer of the skin, UVB radiation (290 to 320
nm) is absorbed in the epidemis and supefficial deis while most of the UVC (200 to 290 nm) is
absorbed by ozone layer. Specifically, NB-UVB (~31bm) has been widely used in clinical
treatment of skin disease such as psorasis, atopifematitis, and vitiligo. Graph was modified

from Asheesh Gupta et al. 2013 (DOI: 10.1089/wourk12.0366).

Supplementary Figure S2. NB-UVB (6000 mJ/cr7r) induces an acute scratching response in
mice. n = 6 for each group. All data were presenteds mean + SEM and analyzed with two-way
ANOVA with post hoc Bonferoni test. **p < 0.01.

Supplementary Figure S3. Validation of chemical alation of TRPV1-expressing primary
afferents by RTX. n =5 foreach group. Mice treatd with RTX showed a significant increment in
tail flick latency when compared with mice treatedwith vehicle control, indicating a successful
ablation of TRPV1-expressing primary afferent. All data were presented as mean + SEM and
analyzed with Student t test. ***p < 0.001.

Supplementary Figure S4. TRPV1 is not directly actiated by BB-UVB irradiation.
Representative TRPV1-mediated curent traces induak by 1 pM capsaicin in HEK293 cells
transfected with TRPV1 plasmid. BB-UVB iradiation did not activate a detectable cument.
Curent-voltage (i-v) relations obtained from voltage-ramps from -100 to +100 mv. n= 4
independent repeats.

Supplementary Figure S5. BB-UVB irradiation does nb alter skin temperature. The skin
surface temperatures in sham, BB-UVB and naive grguwere not significantly changed during the
BB-UVB iradiation. n = 7 for each group. All data were presented as mean + SEM and analyzed
with Student t test. ns, not significant.

Supplementary Figure S6. No changes in the percemga of TRPV1-responsive DRG neurons
isolated from BB-UVB-irradiated mice in response t0300 nM capsaicin. Statistics show that
300 nM of capsaicin elicited intracellular C§+ response in comparable propottions of DRG
neurons innervating the imadiated skin area from raive (n=256 cells), sham (Day3, 415 cells) or
BB-UVB (Day3, n=407 cells) group from 3 independemepeats.

Supplementary Figure S7. Expression of Trpvl mRNAranscripts in DRG neurons does not
increase immediately after BB-UVB irradiation. Three mice for one dot, the total number of
mice was 3x4=12 in sham and BB-UVB group. All datavere presented as mean + SEM and
analyzed with Student t test. ns, not significant.

Supplementary Figure S8. Increased keratinocyte pideration and macrophage infiltration
in skin preparations from mice subjected to BB-UVBirradiation. IHC staining showed the
expression pattems of K14 and F4/80 in sham and BBVB groups. n=3 independent repeats.
Scale bar=20Qum.



