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Abstract. In this study, we focused on several itch‑related 
molecules and receptors in the spinal cord with the goal of 
clarifying the specific mediators that regulate itch sensa-
tion. We investigated the involvement of serotonin receptors, 
opioid receptors, glia cell markers and chemokines (ligands 
and receptors) in models of acetone/ether/water (AEW)‑ and 
diphenylcyclopropenone (DCP)‑induced chronic itch. Using 
reverse transcription‑quantitative polymerase chain reaction, 
we examined the expression profiles of these mediators in the 
lower cervical spinal cord (C5‑8) of two models of chronic itch. 
We found that the gene expression levels of opioid receptor 
mu 1 (Oprm1), 5‑hydroxytryptamine receptor 1A (Htr1a) and 
5‑hydroxytryptamine receptor 6 (Htr6) were upregulated. 
Among the chemokines, the expression levels of C‑C motif 
chemokine ligand (Ccl)21, Cxcl3 and Cxcl16 and their recep-
tors, Ccr7, Cxcr2 and Cxcr6, were simultaneously upregulated 
in the spinal cords of the mice in both models of chronic itch. 
By contrast, the expression levels of Ccl2, Ccl3, Ccl4 and Ccl22 
were downregulated. These findings indicate that multiple 
mediators, such as chemokines in the spinal cord, are altered 
and may be central candidates in further research into the 
mechanisms involved in the development of chronic itch.

Introduction

An ‘itch’ was defined as ‘an unpleasant sensation that elicits 
the desire or reflex to scratch’ by Samuel Hafenreffer, almost 
1,350 years ago (1). It is still difficult to treat pruritus, or chronic 

itchy skin, as its pathophysiological mechanisms remain 
elusive (2‑5). Similar to many other diseases, itch manifests 
in two forms. Acute itch is relieved easily by scratching, while 
chronic itch, which is further categorized according to derma-
tological, systemic, neuropathic and psychogenic subtypes 
based on clinical relevance, remains a challenge to cure (6). 
Although Sun and Chen indicated gastrin‑releasing peptide 
receptor (GRPR) as the first dedicated molecule that mediates 
pruritus, the itch pathogenesis remains unclear (7).

According to a number of studies, pruritus and pain are two 
fundamental sensory perceptions that share close associations in 
neural pathways (8‑10). Although opioids, which affect the body 
by activating opioid receptors, such as the μ‑opioid receptor 
(MOP), δ‑opioid receptor (DOP), κ‑opioid receptor (KOP) and 
nociceptin/orphanin FQ peptide receptor (NOP), are integral 
transmitters in pain pathways, it has been reported that they 
play important roles in the development and maintenance of 
chronic itch (11). The effect of opioid receptors on itch appears 
to be subtype‑dependent. For example, activated MOP results in 
pruritus, whereas activated KOP suppresses itching. A previous 
study by Ahmadi et al revealed that endogenous opioid and 
gene expression levels of MOP were unaltered in brain areas of 
cholestasis‑induced analgesia and pruritus in rats (12). Serotonin 
or 5‑hydroxytryptamine (5‑HT), which has been identified as a 
potent inducer of itching, is synthesized by enterochromaffin 
cells in the gastrointestinal tract and serotoninergic neurons in 
the central nervous system, although only a small percentage 
is synthesized by the latter (13‑16). Depending on sequence 
homology and interrelated second messenger systems, sero-
tonin receptors are classified into 7 groups (5‑HT1‑7) with 15 
subtypes. 5‑HT3 receptors are ligand‑gated non‑selective cation 
channels, while the other 5‑HT receptors are G‑protein coupled 
receptors (17,18). As selective serotonin reuptake inhibitors 
have been increasingly used in the treatment of pruritus in 
the clinical setting, the anti‑pruritic role of centrally released 
serotonin has been highlighted by numerous studies (19). The 
importance 5‑HT in acute and chronic itch has been increas-
ingly reported; however, the specific subtypes of 5‑HT receptors 
that are involved in serotonergic itch signal transduction have 
not yet been fully investigated due to the complexity of the sero-
tonergic system. Although the exact subtypes of 5‑HT receptors 
involved in different mouse models of chronic itch have yet to be 
elucidated, these studies reflect the integral role of serotonergic 
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signaling in chronic itch. Microglia and astrocytes have also 
been reported to promote chronic pain by producing related 
mediators, such as proinflammatory cytokines, growth factors, 
and chemokines that activate and sensitize nociceptive neurons 
in the spinal cord (20‑23). Moreover, Shiratori‑Hayashi et al indi-
cated that astrocytes in the spinal cord played a dominate role in 
chronic itch by activating the signal transducer and activator of 
transcription 3 (STAT3) (24). Despite the prominent manifesta-
tion of the roles of glial cells in the genesis and maintenance of 
chronic pain, their effects on itching remain unclear.

Chemokines, which are generally of low molecular weight 
ranging from 7 to 15 kDa, have been classified into 4 subfami-
lies based on the number and location of cysteine residues 
at the n‑terminus named CC, CXC, XC and CX3C (25). As 
chemoattractants, their main functions are to control the 
migration and residence of all immune cells in various immune 
responses (26). Although chemokines are well‑known regula-
tors of peripheral immune cell trafficking, several chemokines 
have been proven to be involved in chronic pain in the spinal 
cord (27,28). In the central nervous system, chemokines have 
been reported to function in neuronal development, synaptic 
transmission and disease‑associated neuroinflammation 
through a G‑protein coupled receptor under both physiological 
and pathological conditions (29‑31).

Chronic itch, which can result from immune dysfunc-
tion, is a common component of a number of inflammatory 
skin diseases, such as dry skin, atopic dermatitis, contact 
dermatitis and allergic contact dermatitis. The application 
of acetone/ether/water (AEW) weakens the water‑retaining 
capacity of skin by breaking the cutaneous barrier function, 
leading to dry skin and severe pruritus (32). The dry skin model 
recapitulates the pathophysiological characteristics of chronic 
itch that are observed in human dermatitis, such as senile 
xerosis, atopic dermatitis, seasonal xerosis in winter, renal 
failure and cholestasis (33,34). Diphenylcyclopropenone (DCP) 
is an immunotherapy agent for alopecia areata that typically 
induces eczematous skin, contact dermatitis and severe pruritic 
in patients. Treatment with DCP in both mice and rats often 
results in increased and persistent scratching behaviors (35,36).

It is well‑known that inflammatory mediators in the 
peripheral and central nervous systems can lead to pain and 
itch hypersensitivity by activating or sensitizing nociceptive 
and pruriceptive neurons directly (37). Given the remarkable 
function of related mediators in chronic itch, the investigation 
of whether the expression of these mediators is dysregulated 
in chronic itch conditions is integral. In this study, we inves-
tigated the gene expression of several related molecules and 
receptors that may represent novel candidate itch transducers 
in two types of chronic itch models. We report that the 
levels of multiple mediators, such as several 5‑HT receptors 
and chemokines in the spinal cord were altered and may be 
significant candidates for investigating the transmission and 
development of chronic itch further.

Materials and methods

Animals and animal care. A total of 64 adult male 
C57BL/6J mice aged 8‑10 weeks (weighing 20‑25 g) were 
raised in the Animal Centre of Tongji Hospital (license 
no. 42000600018076). They were maintained in a vivarium 

(temperature, 22‑24˚C; humidity, 50‑60%) with sufficient food 
and water and a 12 h light/12 h dark cycle. All experiments 
were performed under protocols approved by the Institutional 
Animal Care and Use Committee of Tongji Hospital, Huazhong 
University of Science and Technology (IRB ID:TJ‑A0803).

Experimental design. It has been reported by numbers of 
researchers that AEW‑induced dry skin itch and DCP‑induced 
contact dermatitis can be successful established in C57BL/6J 
mice and that the pruritic behavior is stable (38‑40). In addi-
tion, the present study was built upon our previous study (16). 
Therefore, we selected C57BL/6J mice for use in this study. 
Three sets of experiments were performed as follows: 
i) Experiment A: Mice were randomly assigned to 2 groups, 
namely the water group (n=10) and the AEW group (n=10). 
Pruritic behavior was measured. ii) Experiment B: Mice were 
divided into the acetone group (n=10) and the DCP group (n=10). 
Scratching behaviors were video‑recorded. iii) Experiment C: 
Mice were randomly assigned to 3 groups, namely the naïve 
control group (n=8), the AEW group (n=8) and the DCP 
group (n=8). After behavior testing was completed, C5‑C8 
tissue was prepared for reverse transcription‑quantitative PCR 
(RT‑qPCR).

AEW‑induced model of chronic itch. Mice were shaved at 
the back of neck and randomly assigned to the AEW group 
(n=10) and the control group (n=10). The neck skin of the 
mice in the AEW group was painted with acetone and diethyl 
ether for 15 sec (1:1) followed by water for 30 sec twice per 
day (9:00 and 16:00) for 8 days consecutively as previously 
described (32). The mice in the control group were painted 
with water for 45 sec. Spontaneous scratching was recorded 
on the day before applying AEW and on day 9, following the 
final AEW treatment.

DCP‑induced chronic itch model. Mice were shaved at the 
back of neck and assigned to the DCP group (n=10) and 
control group (n=10). The neck skin of the mice in the DCP 
group was painted with 0.1 ml 1% DCP (Shanghai Aladdin 
Biochem Technology Co., Ltd.) dissolved in acetone on day 1 
and day 7 under conventional conditions (35). The neck skin of 
the mice in the control group was painted with 0.1 ml acetone. 
According to our preliminary experiment results, scratching 
behaviors were video‑recorded on the day before the DCP 
application and day 10, following the final DCP treatment.

Behavioral test. From 3 days before the test, the mice were put 
in a plastic chamber (9x9x13 cm) for 30 min each day to accli-
matize to the testing environment. Each time, the mice were 
allowed to acclimatize for 30 min. The measuring cases were 
placed on a transparent glass, which was elevated by a metal 
floor; spontaneous itch behavior was video‑recorded below the 
glass in the absence of any observer for 1 h. As previously 
reported, a scratching bout is defined as lifting a hind paw 
towards the shaved region and returning the hind paw back to 
the floor or mouth for licking (36). The behavior videotapes 
were assessed in a blinded manner.

Tissue collection. After the behavioral testing was completed, 
the mice were placed in a 1 liter Plexiglass anesthetic induction 
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Table I. Primer sequences used in RT‑qPCR.

Gene	 Forward (5' to 3')	 Reverse (5' to 3')

Oprm1	 GCCCTCTATTCTATCGTGT	 TAGTGGCTAAGGCATCTGC
Oprk1	 TCTTCGTCTTTGCCTTTGT 	 GATTTCGGTCCTTCTCTCG
Oprd1	C TGCGTGTTCCTCTTTGCC 	 GCTGCGGTCCTTCTCCTTG
Oprl1	C ACAAGTGGAGGATGAAGA	 ATGAAGGAAAAAAGGAAGA
Htr1a	 TACTCCACTTTCGGCGCTTT	 GGCTGACCATTCAGGCTCTT
Htr1b	 TACACGGTCTACTCCACGGT	C GGTCTTGTTGGGTGTCTGT
Htr1d	 GCTCTGGACAGATACTGGGC	 AGTCGGACATCTCCTCGTGA
Htr1f	C AACAGTTGAGCCTGCCACA	 GCCAGCCCAGACAGAGTGAG
Htr2a	 AACCCCATTCACCATAGCCG	CC GAAGACTGGGATTGGCAT
Htr2b	 TGGATGGGTCTCACAGGGAT	 AAAGGGGCACCACATAAGCA
Htr2c	 GCATAGCCGGTTCAATTCGC	 TTGCTTTCGTCCCTCAGTCC
Htr3a	 GACCATCTTCATTGTGCGGC	 AGTGGTTTCCCATGGCTGAG
Htr3b	CC AGTTCCGGTCCATCAACA	C ACGGCAAGGTAGATTCGGA
Htr4	 GATGACCCCTCTACGCATCG	CC AGCCTTGCATTATGGGGA
Htr5a	 TCTTCCTGTGGTTGGGCTATT	CCC TTGGCAGATGGATCTTGT
Htr5b	C TCCTATGCTGTCTTCTCCACC	CC ACGAGTCTCCGCTTGTC
Htr6	 GCATAGCTCAGGCCGTATGT	 TCCCGCATGAAGAGGGGATA
Htr7	 TTCTGCAACGTCTTCATCG	 ATTCTGCCTCACGGGGTA
Nppb	 GGCCTCACAAAAGAACACCC	C AGGCAGAGTCAGAAACTGGA
Npr1	 GGCTGTGAAACGTGTGAACC	 GTCGGTACAAGCTCCCACAA
Grp	 TGGGCTGTGGGACACTTAAT	 GCTTCTAGGAGGTCCAGCAAA
Grpr	 GGGAAGACGGGAAATGCTGT	 ATGTTGGTTCTGTCCCAGCC
Gfap	 TTGCTGGAGGGCGAAGAAAA	 TGGTGAGCCTGTATTGGGAC
Iba1	 GCTTTTGGACTGCTGAAGGC	 GTTTGGACGGCAGATCCTCA
Map2	 ACCTTCCTCCATCCTCCCTC	 TCCTGCTCTGCGAATTGGTT
Ccl1	 TGCTGCTTGAACACCTTGAA	 TTAGTTGAGGCGCAGCTTTCT
Ccl2	CC TGCTGCTACTCATTCACCA	 ATTCCTTCTTGGGGTCAGCA
Ccl3	CCC AGCCAGGTGTCATTTTC	C AGGCATTCAGTTCCAGGTCA
Ccl4	C ACCATGAAGCTCTGCGTGTC	 GCAGGAAGTGGGAGGGTCAG
Ccl5	 GTGCCCACGTCAAGGAGTAT	 TTCTCTGGGTTGGCACACAC
Ccl6	 TATCCTTGTGGCTGTCCTTGG	 TACATGGGATCTGTGTGGCA
Ccl7	 GATCTCTGCCACGCTTCTGT	 ATAGCCTCCTCGACCCACTT
Ccl8	 TCTACGCAGTGCTTCTTTGC	 GCAGGTGACTGGAGCCTTAT
Ccl9	 GCCCAGATCACACATGCAAC	 AGGACAGGCAGCAATCTGAA
Ccl11	 AGAGCTCCACAGCGCTTCTA	 GGAAGTTGGGATGGAGCCTG
Ccl12	C AGTCCTCAGGTATTGGCTGG	 GGACACTGGCTGCTTGTGAT
Ccl19	 TTCACGCCACAGGAGGACA	 TTCCGCATCATTAGCACCC
Ccl20	CC AGGCAGAAGCAAGCAACTAC	C GGCCATCTGTCTTGTGAAAC
Ccl21	 TGGACCCAAGGCAGTGATG	C GGGATGGGACAGCCTAAAC
Ccl22	C TTGCTGTGGCAATTCAGACC	 GAGGGTGACGGATGTAGTCC
Ccl24	 TGAACTCTGAGCTGTGCCTGAC	 TCTTATGGCCCTTCTTGGTGA
Ccl25	 AGTGGAAGCTGCAACCTACG	 GCACTCCTCACGCTTGTACT
Ccl27	 TTTCCTTGGCTGCGAATGTG	C TGCTTGGGAGTGGCTGTCT
Ccl28	 GCTGTGTGTGTGGCTTTTCAA	 GGCTCTCATCCACTGCTTCA
Cxcl1	 ACTTCCAGACTCGCCCAA	 TTCCGACCTCCTGATAAACA
Cxcl2	CCC TAAAGAAACCTCGTGCC	 TCAGAAATCGGGTGCCAG
Cxcl3	CC TACCAAGGGTTGATTTTGAGAC	 AGTGGCTATGACTTCTGTCTGGGT
Cxcl4	 GTGAGATTGGGTGAAGGGAT	 TGAGGGTAAACGGGGAGAA
Cxcl5	C TCAGTCATAGCCGCAACG	 GGGATAAGGGATGTGGGTAG
Cxcl7	 TGTGCTGATGTGGAAGTGATG	 TGACGATTCTCTTGACGCC
Cxcl9	CC TGGCAACAGAGAGTGACA	 GCTTACCCAGGTCAGTGTCTAT
Cxcl10	 GAGGTGCCTTCTTAGGTCATAC	 GGAATAGACTCTGCTTTCACTTTG
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chamber. The induction chamber was filled with 4% isoflurane 
in 100% oxygen. In order to examine the loss of righting reflex, 
the chamber was tipped over. After losing their righting reflex, 
the mice were laid in abdominal position on a heating pad 
and maintained with 2% isoflurane in 100% oxygen via nose 
cone. After achieving surgical anesthetic depth, the treated 
skins at the back of neck were cut and collected. Subsequently, 
the mice were euthanized by rapid decapitation. The mouse 
heads were removed, and the spinal columns were opened to 
expose the cervical spinal cord. The cervical spinal cord was 
cut into 2 segments. The lower cervical segment of each spinal 
cord (C5‑8) was collected in a RNase‑free cryogenic vial and 
kept at ‑80˚C for subsequent analysis after freezing in liquid 
nitrogen.

RT‑qPCR. Total RNA was extracted from the lower cervical 
spinal cords (C5‑8) using the RNAiso Plus kit (Takara) according 
to the manufacturer's instructions (41). RNA purity and concen-
tration were determined using Nano Drop Lite (Thermo Fisher 
Scientific). High quality samples containing 1  μg of total 
RNA were reverse transcribed to synthesize cDNA using the 

Prime Script RT Reagent kit (Takara). qPCR was performed 
on a LightCycler system (StepOne, Applied Biosystems) using 
SYBR Premix Ex Taq II (Takara). The total reaction volume 
was 20 μl, and reaction conditions were established according 
to manufacturer's protocol as follows: 1 cycle of denaturation 
at 95˚C for 3 min, followed by 40 cycles of denaturation at 95˚C 
for 30 sec, annealing at 60˚C for 20 sec, and extension at 72˚C 
for 10 sec. Each reaction was concluded with a melting curve 
analysis to test the amplicon specificity by heating from 55 
to 95˚C in 0.5˚C increments/30 sec, with fluorescence recorded 
at each increment. The data was quantified using a comparative 
CT method with the formula for relative fold change=2‑ΔΔcq as 
previously described and compared with the housekeeping gene 
average (42). The experiments were performed in triplicate. The 
primers sequences used are listed Table I.

Histological analysis. The treated skin was collected to perform 
a histological examination. After the skin samples were fixed 
with 4% paraformaldehyde overnight and embedded with 
paraffin, the tissues were sectioned at 14 μm using a cryostat 
and stained with hematoxylin and eosin (H&E), as previously 

Table I. Continued.

Gene	 Forward (5' to 3')	 Reverse (5' to 3')

Cxcl11	 GAAGGTCACAGCCATAGCCC	 TTGTCGCAGCCGTTACTCG
Cxcl12	 ACATTTGGGGATGCTCAGTA	C TAAGCCCTGGAAATCACAA
Cxcl13	 ATCGGATTCAAGTTACGCC	 GTTTGGTTCAGTTGGATTGC
Cxcl14	C AAAAGGCTTGCTAGGGATT	C ACTTGATGAAGCGTTTGGT
Cxcl15	C TGTGGCTCTGGACAAGTATG	 GAAATCAACTGTCTCCTCTGCTAA
Cxcl16	 TTTGGAATGAGGAAAGGTAGG	 GCAAAGGGCATTGTAAGGT
Cxcl17	 TCATCTCCCTTGAGCCCCT	 TGCTTGTGTAGACTTGGTAGGC
Xcl1	CC AAATGGGTGAAAGCAGCG	 TCAGGGTTATCGCTGTGCTG
Cx3cl1	C TCACGAATCCCAGTGGCTT	 TTTCTCCTTCGGGTCAGCAC
Ccr1	C ACTCACCGTACCTGTAGCC	 GCAAATATCAGACGCACGGC
Ccr2	 GCCATCATAAAGGAGCCATACC	 ATGCCGTGGATGAACTGAGG
Ccr3	 ATGGAGTAAAGTAGTCGCAGTGG	 GCCATTCTACTTGTCTCTGGT
Ccr4	C ATCTCGGATTTGCTGTTCGT	 TGCCGCTGTAGAAGCCCAC
Ccr5	CC TAGCCAGAGGAGGTGAGACA	 GCAGGGTGCTGACATACCATAA
Ccr6	 GCATTTCCTGGGACTTGCTT	 AGGTACTCCTGCCTCAGTGGTT
Ccr7	 TGTGATTTCTACAGCCCCCAG	 AAAATGACAAGGAGAGCCACCA
Ccr8	 GAAACCTCAGAAGAAAGGCTCG	 GCGGTGAAGAAATCAGGGTAG
Ccr9	 GGAGGCTGGTCTGCATTATCTT	 AAGGCTTGTGAGTTCTGTGGG
Ccr10	 GGACCAAGCCCACAGAGCA	 AGGGAGACACTGGGTTGGAAG
Cxcr1	C AATGGCCGAGGCTGAATA	 GAAGGGACACCAGTGCATAAAA
Cxcr2	 TAGGTGTCCCACAGGTGAAAAG	 AGAATAGAGGGCATGCCAGAG
Cxcr3	CCC AACCACAAGTGCCAAAG	 TTCCAGAAGAAAGGCAAAGTCC
Cxcr4	 ACGGCTGTAGAGCGAGTGTTG	 TGGGCAGGAAGATCCTATTGA
Cxcr5	 GGACATGGGCTCCATCACATAC	 TCCCATCATACCCAGGAGGAA
Cxcr6	 TGGCTCTTCAACAATTCCAGTG	 ACCAGGGAGTTTCCTAGCAGTC
Cxcr7	 GAGGACACCCCACAAATCACT	 TGCACATCCATGGTCTTGAGG
Xcr1	C ATGGGTTCTTGGCCTCAG	 GTGTGAGGTTGTAGGGAGCC
Cx3cr1	 GTCACCATTAGTCTGGGCGT	CCC AGACACTCGTTGTCCTT
Gapdh	 GACAAAATGGTGAAGGTCGGT	 GAGGTCAATGAAGGGGTCG
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described (32). The stained sections were observed and captured 
using a bright light microscope (Olympus). The thickness of the 
epidermal was determined by measuring the distance between 
the junction of dermal‑epidermal and surface of the epidermal. 
Epidermal thickness was quantified by Image  J software 
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All quantification data are expressed 
as the means  ±  SEM, and error bars represented SEM. 
Behavioral tests were performed as well as the Student's 
t‑test, measurements of epidermal thickness, and RT‑qPCR 
analysis with one‑way ANOVA and Dunn's post hoc test, both 
of which were performed using GraphPad Prism software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

AEW‑ and DCP‑induced scratching behaviors in mice. The 
number of spontaneous scratching bouts (SSB) within 1 h 
between the model group and control group were assessed 
in a blinded manner. As shown in Fig. 1, the AEW‑treated 

mice exhibited a significantly greater number of SSBs 
(SSB=155.5±6.009, n=8, P<0.001) at day 9 compared with the 
water‑treated mice (SSB=29.38±3.923, n=8). The number of 
SSBs in the DCP‑treated mice (SSB=219.9±32.31, n=7) exhib-
ited an obvious difference between the acetone‑treated mice at 
day 10 (SSB=13.29±1.599, n=7, P<0.001).

Histological observations of the skin. H&E staining of skins 
of mice from the naïve, AEW and DCP groups is shown in 
Fig. 2 (B, D and F respectively). The skins of the naïve mice 
were smooth and soft (Fig. 2A). The skins of the mice in the 
AEW group were rough and sclerotic (Fig. 2C). The skins of 
the DCP‑treated mice manifested congestion and sclerosis, 
accompanied with scratches and incrustation (Fig. 2E). There 
was apparent epidermal hyperplasia in the AEW and DCP 
groups compared with the naïve control group, as shown in 
Fig. 2G (AEW vs. naïve, P<0.05; DCP vs. naïve, P<0.001).

Figure 1. Scratching behaviors in the control group and treatment groups. 
(A) The back of the necks of mice were treated twice daily with AEW 
or water in dry‑skin itch model. Scratching behaviors were observed 
on the day 9 after the final treatment. (B) The back of the necks of mice 
were treated with DCP or acetone on day 1 and day 7 in contact derma-
titis itch model. Scratching behaviors were observed on the day 10. Each 
value represents the mean ± SEM (n=7‑8 mice per group). ***P<0.001 vs. 
the mice treated with water. ###P<0.001 vs. the mice treated with acetone. 
AEW, acetone/ether/water; DCP, diphenylcyclopropenone.

Figure 2. Hematoxylin and eosin (H&E) staining of the mouse skin. 
(B, D and F) The images represent the H&E‑stained sections from the skins 
treated with (B) nothing, (D) AEW and (F) DCP. (A) A representative image 
of the skin from an untreated mouse. The skin was smooth and soft. (C) A 
representative image of the AEW application site from the AEW group. The 
skin was unsmooth and rough. (E) A representative image of the DCP appli-
cation site from the DCP group. The skin manifested congestion and sclerosis 
and was accompanied by scratches and incrustation. (G) Epidermal thickness 
of the skin in two mouse models of chronic itch and naïve mice. There was 
apparent epidermal hyperplasia in the AEW and DCP groups compared 
with the untreated naïve group. Each value represents the mean ± SEM 
(n=3‑5 mice per group). **P<0.01 and ***P<0.001 vs. naïve mice. AEW, 
acetone/ether/water; DCP, diphenylcyclopropenone.
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mRNA expression of representative itch markers in AEW 
group and DCP group. The mRNA expression of natriuretic 
peptide B (Nppb) was upregulated in the AEW group, and 
that of gastrin releasing peptide (Grp) was upregulated in the 
DCP group. Additionally, the mRNA expression levels of their 
receptors, Npr1 and Grpr, were increased in both chronic itch 
groups (Fig. 3).

Oprm1 gene expression is increased in the AEW group and 
DCP group. The fold change of opioid receptor mu 1 (Oprm1) 
in the lower cervical spinal cord (C5‑8) was increased in both 
the AEW and DCP groups compared with the naïve mice 
(P<0.05). The gene expression of other opioid receptors, such 
as opioid receptor kappa 1 (Oprk1), 	opioid receptor delta  1 
(Oprd1) and opioid related nociceptin receptor  1 (Oprl1) 
exhibited no significant difference in the AEW or DCP groups 
compared with the naïve mice (Fig. 4).

Differential expression profiles of 5‑hydroxytryptamine 
receptors (Htrs) in the AEW and DCP groups. The fold 
changes of all Htrs in the two models of different types 

of chronic itch compared with the naïve control mice are 
presented in Fig. 5. There was a significant increase in the 
expression levels of Htr1a (P<0.01), Htr1d (P<0.01), Htr2a 
(P<0.01), Htr4 (P<0.05), Htr5a (P<0.05), Htr5b (P<0.05) and 
Htr6 (P<0.05) in the AEW group, whereas there was a signif-
icant increase in the expression levels of Htr1a (P<0.001), 
Htr2c (P<0.05) and Htr6 (P<0.05) in the DCP group. The 
Htr1a and Htr6 expression levels were increased in both 
groups. Only Htr1d expression was significantly decreased in 
the DCP group (P<0.05; Fig. 5).

mRNA expression of neuronal and microglial markers in 
the AEW and DCP groups. In order to determine whether 
neurons and glia are activated in the spinal cords of mice with 
chronic itch, the mRNA expression levels of neuronal marker 
microtubule‑associated protein 2 (Map2), astrocytic marker 
glial fibrillary acidic protein (Gfap) and the expression of the 
microglial marker ionized calcium binding adaptor molecule 1 
(Iba1) were evaluated by RT‑qPCR. The fold change of Map2 
exhibited elevated an upregulation in the AEW group (P<0.01). 
The expression of Iba1 (P<0.001) was significantly upregulated 
in the DCP group compared with the naïve mice. The mRNA 
expression of Gfap did not exhibit an obvious change in either 
model of chronic itch (Fig. 6).

Expression profile of chemokine ligands between AEW group 
and DCP group. In both models of chronic itch, the mRNA 
expression levels of C‑C motif chemokine ligand (Ccl)2, Ccl3, 
Ccl4 and Ccl22 were downregulated, whereas those of Ccl5, 
Ccl8, Ccl21, Cxcl3 and Cxcl16 were upregulated in the lower 
cervical spinal cord. We did not detect any gene expression 
of Ccl7, Ccl25 and Ccl28 within 40 cycles. Additionally, the 
mRNA expression of Ccl1 was decreased, whereas the expres-
sion levels of Ccl11 and Ccl12 were increased in the AEW 
group. In addition, in the DCP group, the mRNA expression 
levels of Ccl6, Ccl19, Ccl20, Xcl1, Cxcl1, Cxcl2, Cxcl10, 
Cxcl12, Cxcl14 and Cxcl15 were upregulated (Fig. 7).

Expression profiles of chemokine receptors in two models of 
different types of chronic itch induced by AEW and DCP. The 
gene expression levels of Ccr4, Ccr7, Cxcr2, Cxcr4 and Cxcr6 
were increased in both chronic itch groups. The fold change 
of Ccr3 in the AEW group, and that of Ccr1, Ccr6, Ccr9 and 
Cxcr1 in the DCP group was significantly increased (Fig. 8). 
The detailed association of chemokine ligands and chemokine 
receptors is shown in Fig. 9.

Discussion

Itch and pain closely share mechanisms in neural pathways and 
are mediated by similar neuronal cell types and molecules. The 
current knowledge on itch has arisen from the investigation 
of pain (1,8,9). Thus, valuable information on pain mediators 
aids our understanding of the underlying mechanisms of itch. 
Chronic itch is induced by peripheral neuropathy, nerve irrita-
tion, central hypersensitivity, or immune dysfunction, which 
can lead to itch hypersensitivity by releasing inflammatory 
mediators such as proinflammatory cytokines, growth factors 
and chemokines to activate or sensitize peripheral and central 
nervous systems  (37). Therefore, we aimed to screen and 

Figure 4. The mRNA level of four opioid receptors in the lower cervical 
spinal cord (C5‑8) in three groups. The gene expression of oprm1 had a 
prominent elevation and other opioid receptors, such as Oprd1, Oprk1 and 
Oprl1 exhibited no significant difference in the AEW and DCP group. Each 
value represents mean ± SEM of three independent experiments (n=6‑8 
mice per group). *P<0.05 vs. naïve mice. AEW, acetone/ether/water; DCP, 
diphenylcyclopropenone.

Figure 3. The mRNA levels of Nppb, Npr1, Grp and Grpr in the lower cervical 
spinal cord (C5‑8) in the 3 groups. The gene expression levels of Nppb and 
Grp were significantly increased in the mice with AEW‑ and DCP‑induced 
chronic itch, respectively. The mRNA expression levels of their receptors, 
Npr1 and Grpr, were increased in both groups of chronic itch. Each value 
represents the mean ± SEM of 3 independent experiments (n=5‑7 mice per 
group). *P<0.05 and **P<0.01 vs. naïve mice. AEW, acetone/ether/water; DCP, 
diphenylcyclopropenone.
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discover critical and specific molecules or mediators in the 
spinal cord during chronic itch conditions.

Acting as a local irritant, DCP induces local sensitization 
and immune response (36). In contrast to DCP‑induced contact 
dermatitis, AEW induces dry skin (32,35). Skin dryness is one 
of the most common symptoms of chronic itch conditions; for 
example, atopic dermatitis, uremic pruritus and cholestatic 
pruritus (43). B‑type natriuretic peptide (BNP) and natriuretic 
peptide receptor A (NPRA), which are encoded by the Nppb 
and Npr1 genes, have been defined as itch‑selective neuropep-
tides and receptors (44‑46). The GRP/GRPR system has been 
reported to include the first‑known itch‑specific molecules (7). 
There has been controversy surrounding the expression of 
GRP in peripheral nerves  (45,47). However, GRP and its 
receptor, GRPR, are highly expressed in the spinal cord. GRP 
and GRPR expression levels are increased in the skin and 
spinal cord of primates exhibiting chronic itch symptoms (48). 
In this study, after the models of chronic itch were established, 
we examined the mRNA levels of most representative itch 
markers, such as Nppb, Npr1, Grp and Grpr in the spinal cords 
of AEW‑ and DCP‑treated mice. We found that the mRNA 
expression levels of Nppb and Npr1 were increased in the mice 

with AEW‑induced itch. In addition, our results revealed that 
the mRNA expression levels of Grp and Grpr were increased 
in the spinal cords of mice with DCP‑induced chronic itch. A 
previous study by Miyamoto et al demonstrated that inflam-
matory cells did not infiltrate the dermis of dry‑skin samples 
from AEW‑treated mice, suggesting that skin inflammation 
involves different mechanisms in contact dermatitis compared 
with dry‑skin pruritus  (32). Therefore, the differential 
expression in two types of chronic itch model suggests that 
the NPPB/NPR1 system plays a major role in chronic dry 
skin‑associated pruritus, while the GRP/GRPR system is more 
related to chronic pruritus caused by contact dermatitis. Taken 
together, we identified herein that the application of AEW and 
DCP produces profound scratching behaviors and chronic itch 
in mice, as also previously described (32,36,49).

In this study, most genes that we screened which appeared 
to be associated with itch behavior have been verified. 
Previously, the intrathecal application or microinjection 
of the agonist of KOP, DOP and NOP did not elicit obvious 
scratching in monkeys (50‑52). However, MOP is required 
for intrathecal morphine‑induced itch, and MOP antagonist 
blocks intrathecal morphine‑induced itch (11). Miyamoto et al 
demonstrated that the subcutaneous injection of naloxone and 
naltrexone, which are antagonists of MOP, suppressed sponta-
neous scratching in AEW‑treated mice, suggesting that MOP 
may be involved in the development of AEW‑induced itch 
condition (32). Likewise, the results of this study demonstrated 
that Oprm1 expression increased in both types of models of 
chronic itch. Combining previous findings and our results, it 
can be inferred that Oprm1 plays an important role in itch 
mechanisms and other opioid receptor subtypes may not be 
involved in AEW‑ and DCP‑induced chronic itch. According 
to pharmacological studies, the 5‑HT1 and 5‑HT2 receptors 
are involved in itch perception (53,54). Consistent with these 
findings, our results further confirmed that the gene expression 
levels of Htr1a, Htr1d, Htr2a and Htr2c were upregulated in the 
AEW‑ or DCP‑induced chronic itch condition. In addition, a 
study conducted by Tian et al identified that the mRNA expres-
sion levels of Htr1d, Htr2a, Htr2c, Htr5a, Htr5b and Htr6 were 
increased in the trigeminal ganglia and dorsal root ganglia of 
rats exhibiting cholestatic itch (55). Furthermore, the study by 
Morita et al demonstrated that 5‑HT7 was a key mediator of 

Figure 5. Gene expression profiles of Htr in the lower cervical spinal cord in the 3 groups. The mRNA levels of Htr1a, Htr1d, Htr2a, Htr4 and Htr6 in the mice 
with AEW‑induced chronic itch were markedly increased, while those of Htr1a, Htr2c and Htr6 were increased in the mice with DCP‑induced chronic itch. 
The gene expression of Htr1d was decreased in the model of DCP‑induced chronic itch. Each value represents the mean ± SEM of 3 independent experiments 
(n=6‑8 mice per group). *P<0.05, **P<0.01 and ***P<0.001 vs. naïve mice. AEW, acetone/ether/water; DCP, diphenylcyclopropenone; Htr, 5‑hydroxytryptamine 
receptor.

Figure 6. The mRNA levels of astrocytic, microglial and neuronal markers 
in the lower cervical spinal cord (C5‑8) in the 3 groups. The gene expres-
sion levels of Map2 and Iba1 were significantly increased in the mice with 
AEW‑ and DCP‑induced chronic itch, respectively. Each value represents 
the mean ± SEM of 3 independent experiments (n=6‑8 mice per group). 
**P<0.01 and ***P<0.001 vs. naïve mice. AEW, acetone/ether/water; 
DCP, diphenylcyclopropenone.
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acute serotonergic itch and chronic atopic dermatitis itch (56). 
However, a recent study confirmed the role of Htr2a, but not 
Htr7, in allergic contact dermatitis itch and of Htr7, but not 
Htr2a, in dry skin‑associated chronic itch (57). Although these 
two studies both used knockout mice to verify the roles of 
5‑HT receptors, residual pruritus behaviors in animals lacking 
Htr7 or Htr2a have still been observed, suggesting that other 
5‑HT receptors or molecules are required for the development 
of chronic itch models. In this study, the increased mRNA 
level of Htr2a in the spinal cord was preliminarily screened. 

Whether Htr2a is involved in dry skin itch requires further 
verification. Although the exact subtypes of 5‑HT receptors 
involved in different mouse models of chronic itch have yet to 
be elucidated, these studies and our results highlight the crucial 
roles of serotonergic signaling in chronic itch pathology. In 
brief, we found that the gene expression levels of Htr1a, Htr6 
and Oprm1 were upregulated in both models of chronic itch.

In order to determine whether neurons and glia were 
activated in the spinal cord of mice with chronic itch, we 
examined neuronal and microglial marker expression between 

Figure 8. The mRNA level of chemokine receptors in the lower cervical spinal cord (C5‑8) in the 3 groups. Fold changes of Ccr4, Ccr7, Cxcr2, Cxcr4 and Cxcr6 
mRNA levels were significantly increased in both models of chronic itch compared with the naïve group. Gene expression levels of Ccr3 in the AEW group, 
and those of Ccr1, Ccr6, Ccr9 and Cxcr1 in the DCP group were significantly increased. Each value represents the mean ± SEM of 3 independent experiments 
(n=6‑8 mice per group). *P<0.05, **P<0.01 and ***P<0.001 vs. naïve mice. AEW, acetone/ether/water; DCP, diphenylcyclopropenone.

Figure 7. The mRNA expression levels of chemokine ligands in the lower cervical spinal cord in the 3 groups. Fold changes of chemokine ligands mRNA 
expression levels in the mice with AEW‑induced chronic itch and in mice with DCP‑induced chronic itch as compared with the naïve mice are shown. N.D. 
indicates that there was no gene expression detected. Each value represents the mean ± SEM of 3 independent experiments (n=6‑8 mice per group). *P<0.05, 
**P<0.01 and ***P<0.001 vs. naïve mice. AEW, acetone/ether/water; DCP, diphenylcyclopropenone.
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the AEW and DCP groups. Previously, Liu et al employed 
pharmacological and transgenic approaches to verify that 
AEW could induce the activation of astrocytes in the spinal 
cord of mice. Interestingly, they also found that spinal 
astrogliosis was affected by scratching behavior, which was 
abrogated when mice were prevented from scratching pruritus 
skin by Elizabethan Collars  (49). This novel finding was 
consistent with that in the study by Wilson et al, in which 
the extent of keratinocyte hyperplasia in the skin of AEW 
mice was found to be scratch‑dependent (58). By contrast, 

in this study, we found that the expression level of Map2, 
which is a neuronal marker, was much higher than that of 
Gfap in the spinal cords of AEW‑induced itch mice. A recent 
study highlighted the importance of Map2 in controlling the 
axonal entry of cargo vesicles and regulating their distribu-
tion along the distal axon. It suggested that Map2 controls 
axonal cargo transport and drives synaptic and secretory 
vesicle accumulation in the periphery  (59). Therefore, the 
increase in the expression of Map2 in the AEW group may 
be attributed to the increased secretory vesicle in neurons. In 

Figure 9. The chemokine receptor‑ligand network. The horizontal line represents chemokine receptors and the vertical line represents chemokine ligands. 
$Represents mouse chemokine ligands in the vertical column binding to the receptors in the horizontal row. #Indicates human chemokine ligands in the vertical 
column binding to the receptors in the horizontal row. &Indicates rat chemokine ligands in the vertical column binding to the receptors in the horizontal 
row. For more detailed information, visit the website of The International Union of Basic and Clinical Pharmacology (IUPHAR) (https://iuphar.org/). The 
chemokines in red are referenced in this study.
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addition, Map2 has been reported to play an important role 
in neuronal morphogenesis and to affect microtubule density 
and the length of dendrites (60). The increased expression of 
Map2 may enhance the sprouting and synaptic plasticity of 
dendrites, resulting in neural hypersensitivity. Therefore, in 
long‑term skin dryness, pathological changes of the central 
nervous system, such as neuropathic itch may occur and 
lead to Map2 upregulation, which enhances the sprouting 
and synaptic plasticity of dendrites. Another explanation is 
that the expression of Map2 is not restricted to neurons. For 
instance, it has been reported before that reactive astrocytes 
may express neuron‑specific enolase and Map2 (61,62). We 
also found the expression level of Iba1, which is a microglial 
marker, was prominently increased in the spinal cords of mice 
with DCP‑induced chronic itch. It has been established that 
the mediation of gene expression varies over time (63‑66). 
The main difference between the two studies is that Liu et al 
examined expression levels in the cervical dorsal horn 5 days 
after AEW treatment while we examined the cervical spinal 
cord 9 after treatment. In long‑term skin dryness, pathological 
changes of the central nervous system, such as neuropathic itch 
may occur and can lead to the upregulation of Map2, which 
enhances the sprouting and synaptic plasticity of dendrites.

Over the past decade, a dermatology study demonstrated 
the expression patterns of chemokines in the skin of a chronic 
proliferative dermatitis mutant mouse model, which was a 
useful way of investigating the role of chemokines in eosino-
phil accumulation in chronic inflammation (67). Chemokine 
ligands and receptors, which participate in the induction and 
maintenance of inflammation, have been studied in several 
diseases models as inflammatory mediators. Although 
chemokines and their receptors have been implicated in the 
pathophysiology of chronic pain, they have been largely 
unexplored in chronic itch conditions. Among the chemokines 
examined in this study, the mRNA expression levels of Ccl2, 
Ccl3, Ccl4 and Ccl22 were downregulated in the two mouse 
models of chronic itch. Another study observed the conspicu-
ously decreased serum concentration of CCL2, CCL3, CCL4 
and CCL5 by an enzyme‑linked immunosorbent assay in the 
ragweed‑allergic patients out of the pollen season. It seemed 
that the allergic subjects protected against the initiation of an 
allergic inflammatory reaction by maintaining a low physi-
ologic concentration of chemokines (68). Thus, the decrease in 
the levels of these chemokines may be a mechanism through 
which tissues can be protected from damage by continuously 
recruiting cascaded immune mediators to the lesion sites. 
Consistent with our findings of the upregulation of Ccl21 and 
Iba1 in DCP‑induced itch, Biber et al identified that neuronal 
Ccl21 upregulated the expression of ionotropic purinoceptors 
P2X4 in spinal cord microglia  (69). The release of Ccl21, 
which is a potent microglial activator, was markedly increased 
after neural hyperexcitability or injury (70). In our study, the 
mRNA levels of Ccl21 were dramatically upregulated in two 
different chronic itch models, suggesting that the activation of 
microglia cells may be triggered by Ccl21. Therefore, Ccl21 
may be a promising drug target in chronic itch intervention. 
A recent study by Jing et al investigated whether spinal cord 
chemokines could contribute to the development of chronic 
itch. They reported that Cxcr3‑deficiency mice showed reduced 
scratching in chronic itch models induced by AEW, DCP and 

2,4‑dinitro‑1‑fluorobenzene (DNFB). Moreover, their results 
revealed the mRNA and protein expression levels of CXCR3 
and CXCL10 in the spinal cord 7 days after AEW treatment 
increased significantly, suggesting that spinal cord chemo-
kines may be involved in the alteration of skin induced by itch 
mediators (71). We found that the mRNA level of Cxcl10 was 
similarly up‑regulated in DCP‑induced contact dermatitis in 
our results. However, we did not detect significant alteration 
of Cxcl10 or Cxcr3 in AEW‑induced dry‑skin itch. Their 
results showed that SSB in the group of wild‑type mice treated 
with AEW at day 7 reached over 350 within 1 h. Our data 
demonstrated that SSB reached 155.5 by day 9. As mentioned, 
scratching behaviors can affect glial activation of spinal 
cord in AEW mice (49,58). This difference may be the result 
from methodological differences in model construction. The 
up‑regulation of CXCL12‑CXCR4 chemokine ligand‑receptor 
systems has been reported in the thalamus of diabetic monkeys 
accompanied with neuroinflammation (23). The results of this 
study demonstrated that the mRNA levels of both Cxcl12 and 
Cxcr4 were upregulated in the DCP‑treated mice. In addition, 
our results revealed that some chemokines along with their 
receptors were upregulated in two types of chronic itch mice, 
Ccl21‑Ccr7, Cxcl3‑Cxcr2 and Cxcl16‑Cxcr6, suggesting that 
these ligand‑receptor systems may play an important role in 
chronic itch development. However, the actual role of these 
signaling pathways must be verified in further research. In 
summary, it seems that some of these related genes in the spinal 
cord may be involved in the mediation of skin inflammation 
in chronic itch conditions. In particular, the activation of glial 
cells is vital for the development of chronic itch, suggesting 
that maintaining a balance of chemokines in the spinal cord 
may provide a new direction for therapeutic development. 
The details of the association between chemokine ligands and 
chemokine receptors are shown in Fig. 9.

This study documents the profiles of several itch mediators 
in two types of chronic itch. Moreover, we observed that the 
levels of several chemokine ligands and their receptors were 
simultaneously upregulated in both dry‑skin and contact 
dermatitis chronic itch. Nevertheless, there are some limita-
tions to our research. The exact role of the differentially 
expressed genes in chronic itch warrants further investiga-
tion in future studies. The changes in mRNA levels may 
not always reflect the changes in protein levels, since many 
factors influence the expression of proteins. For instance, the 
processes regulated protein expression between transcription 
and translation could be affected at many different stages and 
many different ways. In addition, following translation, protein 
expression can also be regulated post‑translational modi-
fications. However, the transcription level data can suggest 
whether the protein is present or not and roughly what at level 
to expect to find the protein. For example, a highly abundant 
protein will usually have a highly expressed mRNA. The 
transcription data is useful for identifying potential candidates 
for follow‑up work at the protein level. The goal of this study 
was to draw out the gene expression patterns of itch‑related 
mediators in chronic itch model. To a certain extent, it was a 
way to narrow the range and select the candidate mediators 
for further investigating mechanisms of chronic itch. Western 
blot analysis may be use in any future study by our group to 
confirm the results of the present study. In conclusion, the data 
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of this study identify several molecular determinants of itch 
in the spinal cord and provides a useful baseline in gene level 
for functional experimentation or crosstalk between these 
related mediators. Our research may thus contribute to future 
research on endogenous triggers of chronic itch signaling, 
which may provide significant breakthroughs for the treatment 
of obstinate pruritus.
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