
compared with their littermate

mice.3 In contrast, these mutant

mice showed normal pain

behaviors. Our results suggested

that GRPR is important for itch

but not for pain sensation in the

spinal cord.  

Our work on GRPR raised an

outstanding question: Are GRPR+

neurons dedicated to itch

sensation? The present study was

designed to address this question.

We took advantage of the fact

that bombesin can bind GRPR

with a high affinity and become

internalized upon binding, and

ablated GRPR+ neurons by

injecting Bombesin-SAP (Cat. #IT-40) into the spinal cord of mice.4 After two weeks, we found that up to 80% of GRPR+

neurons were selectively ablated (Fig. 1). Interestingly, injection of bombesin-saporin did not affect expression of NK1 receptor

that is expressed in the majority of STT neurons (Fig. 1). Strikingly, mice lacking GRPR+ neurons in the spinal cord showed

profound deficits in their scratching behavior in response to several pruritogens, including both histamine-dependent (e.g.

serotonin) and histamine-independent ones (e.g. chloroquine). Some mice were unable to scratch at all, no matter how potent the

pruritogen (Fig. 2). The scratching behavior of mice treated with Bombesin-SAP was also nearly abolished when an

immunotherapy agent called DCP that can cause intense itching in people was used to induce long-lasting scratching (Fig. 2).

The scratching deficits of these mice treated with Bombesin-SAP are

much more comlete than that of GRPR mutant mice which showed

modest decreased response compared with wild-type mice to histamine or

histamine-dependent pruriotogens. The lack of scratching responses is

unlikely due to motor deficit because these mice showed normal motor

function. The most unexpected results are that mice treated with

Bombesin-SAP showed normal pain behaviors in response to different

types of painful stimuli, including thermal, mechanical and chemical

stimuli (Fig. 3). For noxious chemical stimuli, we used formalin, mustard

oil, capsaicin and complete Freund adjuvant.4 Our studies suggest that

GRPR+ neurons are itch-specific. Given that NK1 expression is normal

in mice treated with Bombesin-SAP and STT neurons are critical for pain

sensation, these results suggest that GRPR+ neurons and STT neurons are

two non-overlapping subpopulations in lamina I of the spinal cord.

Together, we provide the most comprehensive behavioral evidence

supporting the idea that there is a neural circuit hard-wired specifically to

relay itch sensation in the spinal cord. Identification of itch circuit in mice

has important therapeutic implications, because it is now possible to

design novel anti-pruritus treatments based on the blockage of the itch

pathway without compromising other somatic sensations. 
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Figure 3. Normal pain behaviors in mice treated with

Bombesin-SAP. (A) Mechanical sensitivity in Bombesin-SAP-

treated mice as measured by paw withdrawal threshold upon

exposure to von Frey filaments was comparable to mice

treated with Blank-SAP (Cat. #IT-21). P > 0.05. (B) Responses

to noxious thermal stimulation measured by the paw

withdrawal latency (Hargreaves test) were indistin-guishable

between groups. P > 0.05. (C) Spontaneous pain response in

mustard oil test was comparable between the two groups. P >

0.05. (D) Spontaneous pain response induced by intraplantar

injection of capsaicin (0.1%) was comparable between groups.

P > 0.05. (E) Spontaneous pain responses in first (0~10 min)

and second phase (10~60 min) of the formalin test was

comparable between mice treated with Blank-SAP and

Bombesin-SAP. 

P > 0.05.Student’s t-test. n = 6~9 for each group. Black bars:

the Bombesin-SAP group; white bars: the Blank-SAP group.

Data with error bars represent mean ± SEM.

Figure 2. Selective ablation of GRPR+ neurons nearly abolished scratching behaviors. (A) Histamine-evoked

scratching behavior in mice treated with Bombesin-SAP was almost lost compared with the Blank-SAP control

(500 g/50 l, P < 0.001). (B) Chloroquine-evoked scratching behavior in Bombesin-SAP-treated mice was

also absent (200 g/50 l) (P < 0.001). (C) Scratching behavior evoked by diphenylcyclopropenone (DCP)

was nearly blocked in mice treated with Bombesin-SAP compared with mice treated with Blank-SAP (P <

0.001). Two-way repeated measured analysis of variance (ANOVA). n = 6~9 for each group. Data with error

bars represent mean ± SEM.


