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            Abstract
Sensory nerve fibres can detect changes in temperature over a remarkably wide range, a process that has been proposed to involve direct activation of thermosensitive excitatory transient receptor potential (TRP) ion channels1,2,3,4. One such channelâ€”TRP melastatin 8 (TRPM8) or cold and menthol receptor 1 (CMR1)â€”is activated by chemical cooling agents (such as menthol) or when ambient temperatures drop below âˆ¼26â€‰Â°C, suggesting that it mediates the detection of cold thermal stimuli by primary afferent sensory neurons5,6. However, some studies have questioned the contribution of TRPM8 to cold detection or proposed that other excitatory or inhibitory channels are more critical to this sensory modality in vivo7,8,9,10. Here we show that cultured sensory neurons and intact sensory nerve fibres from TRPM8-deficient mice exhibit profoundly diminished responses to cold. These animals also show clear behavioural deficits in their ability to discriminate between cold and warm surfaces, or to respond to evaporative cooling. At the same time, TRPM8 mutant mice are not completely insensitive to cold as they avoid contact with surfaces below 10â€‰Â°C, albeit with reduced efficiency. Thus, our findings demonstrate an essential and predominant role for TRPM8 in thermosensation over a wide range of cold temperatures, validating the hypothesis2 that TRP channels are the principal sensors of thermal stimuli in the peripheral nervous system.
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                    Figure 1: 
                        Generation and histological analysis of TRPM8-deficient mice.
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Figure 2: 
                        TRPM8-deficient neurons show loss of menthol and cold sensitivity.
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Figure 3: 
                        TRPM8-deficient nerve fibres show loss of cold sensitivity.
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Figure 4: 
                        TRPM8 is required for normal cold-evoked behaviours.
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This file contains Supplementary Video 1. This movie shows a representative two-plate choice test in which wild type or TRPM8-deficient mice are examined for exploratory behavior with surface temperatures adjusted to 30Â°C and 20Â°C, as shown. It is evident that the TRPM8-deficient mouse exhibits no preference for the warmer side during the 30 sec exploratory period, whereas the wild type littermate spends most of its time at 30Â°C. Moreover, the wild type mouse shows clear aversion to the colder side. (MOV 3376 kb)
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A variety of different ion channels have been suggested to underlie the detection of cold stimuli, and the role of each of these in detecting innocuous cool versus noxious cold has been much debated. The menthol receptor TRPM8 is a strong candidate as a cold transducer, but its physiological importance has been questioned. A study of cold sensitivity in TRPM8 knockout mice has clarified matters. Mice lacking the receptor are deficient in the ability to sense cold at the cellular level, in intact nerve fibres and in whole animal (behavioural) tests. TRPM8 is clearly the primary contributor to peripheral cold sensation, with animals lacking this channel unable to discriminate between warm and cold surfaces until the temperature drops to below 10 Â°C.
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