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The limited understanding of itch mechanisms hinders development of antipruritic 

treatments. Accumulating evidence suggests that transient receptor potential (TRP) ion 

channels are potential therapeutic targets for itch (1-3). Compared with extensive studies on 

transient receptor potential cation channel subfamily V member 1 (TRPV1) and transient 

receptor potential cation channel subfamily A member 1 (TRPA1) in itch, transient receptor 

potential cation channel subfamily V member 4 (TRPV4) has received little research 

attention until recently. TRPV4, a multimodally activated non-selective cation channel, has 

been detected in sensory neurones of dorsal root ganglion (DRG) and trigeminal ganglion 

(TG) and skin cells (4-6), which are involved in itch sensation and development. Using 

Trpv4 knockout (KO) mice, several groups have reported that TRPV4 is required for 

pruritogen-evoked acute itch (7-9). To determine cellular sites of action of Trpv4 in itch, 

keratinocyte-Trpv4 conditional KO (cKO) mice were studied. It was found that deletion of 

Trpv4 significantly reduced acute itch evoked by histaminergic (histamine and 48/80), but 

not non-histaminergic (chloroquine, CQ), pruritogens (8). In addition, we and others have 

found previously that TRPV4 in skin keratinocytes and macrophages also critically mediates 

chronic itch (4, 5). Although these studies strongly suggest that TRPV4 in skin cells is 

essential for itch, whether neuronal-TRPV4 directly contributes to acute and chronic itch 

remains largely elusive. This study addressed this question using sensory neurone-Trpv4 
cKO mice.

MATERIALS AND METHODS (See Appendix S1)

RESULTS

For acute itch, it was found that cKO of Trpv4 in sensory neurones significantly attenuated 

scratching behaviours evoked by histamine, 48/40 and 5-HT, but not SLIGRL and CQ, in 
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male mice (Fig. 1A). The findings in females are consistent with those in males, except that 

CQ-induced itch was reduced (Fig. 1B).

In the dry skin chronic itch model, it was found that scratching behaviours were significantly 

reduced in Trpv4 cKO mice on days 7 and 9 after AEW treatment (Fig. 2A-B) in both sexes. 

In contrast, in the allergic contact dermatitis chronic itch model, Trpv4 cKO mice did not 

display a significant reduction in scratching on days 12 and 14 after DNFB treatment in 

either sex (Fig. 2C-D).

DISCUSSION

This study determined the specific contribution of neuronal-TRPV4 to acute and chronic 

itch behaviours in both male and female mice. The results showed that TRPV4 in sensory 

neurones contributes to scratching behaviour evoked by histamine and 48/80 (histaminergic 

pruritogen) and 5-HT (non-histaminergic), but not SLIGRL and CQ (non-histaminergic) in 

males. The findings between females and males are consistent, except that TRPV4 has a 

sexually dimorphic effect on CQ-induced itch. Moreover, it was observed that TRPV4 in 

sensory neurones is required for chronic itch associated with dry skin, but not with allergic 

contact dermatitis.

Several studies have demonstrated that TRPV4 is involved in pruritogen-evoked acute itch, 

although the results across laboratories are inconsistent. Akiyama et al. reported that Trpv4 
KO mice display reduced scratching behaviour in response to 5-HT, but not to histamine 

and SLIGRL (PAR-2 agonist). Interestingly, they found that CQ-induced itch is increased 

in Trpv4 KO mice (7). In contrast, Kim et al. showed that both histamine- and CQ-induced 

itch is attenuated in mice lacking Trpv4 (9). Our group found that histamine-induced itch 

is decreased, but CQ-induced itch remained unchanged in Trpv4 KO mice (8). Although 

these inconsistent findings imply that TRPV4 plays a role in regulating acute itch, the 

crucial cellular sites of action of TRPV4 are unknown. The current study showed that 

selective deletion of Trpv4 in sensory neurones significantly attenuated histamine-induced 

scratching behaviour, which is in agreement with Kim et al.’s study (9) and our previous 

study (8), but in contrast to Akiyama’s finding (7) using Trpv4 KO mice. In support of 

Akiyama’s report, we observed that cKO of neuronal-Trpv4 significantly reduced 5-HT, but 

not SLIGRL-evoked itch. Although CQ-induced itch has been reported as increased (7), 

decreased (9) or unchanged (8) in Trpv4 KO mice, we found that it is significantly reduced 

in sensory neurone-Trpv4 cKO female mice, but not in males. The reason why TRPV4 in 

sensory neurones shows a sexually dimorphic effect on chloroquine-induced itch requires 

further clarification. Together, the current data suggest that sensory neurones in DRG are 

an important locale where TRPV4 differentially regulates various forms of acute itch. In 

addition, the inconsistencies in certain types of acute itch between Trpv4 KO and sensory 

neuron-Trpv4 cKO mice point to the possible contributions of TRPV4 to itch in other cell 

lineages, such as skin macrophages, mast cells, and endothelial cells (2).

Using AEW-induced dry skin and DNFB-induced allergic contact dermatitis mouse models, 

we subsequently elucidated the specific contribution of neuronal-TRPV4 to chronic itch. 

Luo et al. recently reported that itch associated with both dry skin and with allergic contact 
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dermatitis is attenuated in Trpv4 KO mice (5). They further found that dry skin-associated 

itch is reduced in keratinocyte, but not macrophage-Trpv4 cKO mice and allergic contact 

dermatitis-associated itch is reduced in macrophage, but not keratinocyte-Trpv4 cKOs. The 

current study found that Trpv4 deficiency in sensory neurones leads to a reduction in dry 

skin, but not contact allergic dermatitis-associated itch. Together, these results imply that 

both skin keratinocytes and sensory neurones contribute to dry skin-induced itch. However, 

allergic contact dermatitis-associated itch might rely on TRPV4 in skin macrophages, 

but not sensory neurones. It is notable that TRPV4 expression in DRG neurones was 

significantly increased after dry skin or contact allergic dermatitis in both sexes (Fig. S1). 

Increased expression of TRPV4 may lead to a sensitization of sensory neurones, which 

potentially contributes to the ongoing itch in dry skin. However, itch associated with dry 

skin and with allergic contact dermatitis are certainly not mono-factorial. Most likely, they 

involve multiple cells, mediators, and neural circuits, which function in a co-contributory 

manner for chronic itch modulation. Further studies, such as whether sensory neurone-

TRPV4 differentially communicates with itch-relevant mediators released from skin cells 

or interacts with other itch-relevant ion channels or receptors in neurones between these 

2 models, might be helpful for elucidating the underlying mechanisms of how sensory 

neurone-TRPV4 contributes to itch associated with dry skin, but not with contact allergic 

dermatitis under the condition that its expression is upregulated in both models.

In conclusion, this study provides initial information regarding the specific contribution of 

neuronal-TRPV4 to acute and chronic itch behaviours. The results suggest that TRPV4 in 

sensory neurones is essential for certain types of acute and chronic itch, and implies that 

different forms of itch may rely on different cellular sites of action of TRPV4.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Effect of sensory neurone-transient receptor potential cation channel subfamily V 
member 4 (TRPV4) on acute itch induced by pruritogens evoked acute scratching behaviours 
that were significantly attenuated in Trpv4 conditional knockout (cKO) vs wild-type mice (WTs) 
in both males (A) and females (B).
Histamine, compound 48/80, and 5-hydroxtryptamine (5-HT), but not Ser-Leu-Ile-Gly-Arg-

Leu-NH2 (SLIGRL), evoked acute scratching behaviours that were significantly attenuated 

in Trpv4 conditional knockout (cKO) vs wild-type mice (WTs) in both sexes. Chloroquine 

(CQ)-induced itch was significantly reduced in female, but not male, Trpv4 cKO mice. *p < 

0.05, **p <0.01, and ***p < 0.001 vs WT, 2-tail t-test. Group size is indicated on the bars.
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Fig. 2. Effect of sensory neurone- transient receptor potential cation channel subfamily V 
member 4 (TRPV4) on chronic itch associated with dry skin and with allergic contact dermatitis.
Dry skin (A, B: acetone and diethyl-ether (1:1) following water (AEW) model), but not 

allergic contact dermatitis (C, D: 1-fluoro-2, 4-dinitrobenzene (DNFB) model), induced 

scratching behaviours that were significantly attenuated in Trpv4 conditional knockout 

(cKO) vs wild-type (WT) mice in both sexes. *p < 0.05, 2-way analysis of variance 

(ANOVA) with Bonferroni post-hoc test. Group size is indicated on the bars.
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