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Odontoblast TRPC5 channels signal cold pain in teeth
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Introduction

Teeth are composed of many tissues, and they become extremely cold sensitive when inflamed. However, the
mechanisms of this cold sensation are not understood.

In the skin, TRPM8 and TRPA1 represent the key sensors of environmental cooling as well as painful cold.
TRPCS5 is cold sensitive, but no such function has yet been ascribed in native cells.

Here, we set out to understand the roles of TRPA1, TRPMS8, and TRPC5 ion channels in cold sensing in teeth.

Conclusions

B The restricted TRPC5 expression pattern in the odontoblastic layer, block of responses in genetically modi-
fied mice, and extracellularly recorded TRPC5 cold sensing indicate an essential sensory receptor function
for the odontoblasts in tooth cold sensing.

B TRPCS5 is a cold sensor in healthy teeth and, with TRPA1, is sufficient for cold sensing. Under human
inflammatory conditions with injured or patent tooth pulp, TRPC5’s expression increases in sensory axons.

Results

Figure 1. Teeth are complex organs.
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(a) Schematic illustration of extracellular recordings from jaw-nerve as compared to skin-nerve prepa-
rations. Comparison of the (b) cold response magnitude, (c¢) peak frequency, and (d) threshold tempe-
rature of C57BL/6] teeth (n = 45) and skin (n = 59) nociceptors. Statistical significance by a two-sided
Student’s t test. Skin nociceptor cold responses are from (Zoltan et al. 2017; Veter et al. 2013) and refer
to the same background strain at equivalent stimulus conditions.

Figure 5. TRPC5 and TRPA1 are sufficient as cold sensors in healthy teeth.

TR P e e Lo (a) Percent cold-sensi-
100 g 3 tive tooth mociceptors
i £ 103L/§L/ ‘EL/'EL/E\J

® 100 'y © 3w © o . blOCked by HC-030031
b £ 3 j ; (n = 9/9 fibers) and
g 2 4 g . P n = ers) an
g ¥ cq 7 &, 5
20 W : : - ML204/HC-070 (n = 6
0 . .
HC-030031 ML204 0.1~ _ e R . . , N /13) and respective frac-
HC-070 60 90 120 480 510 2430 2490 3240 3300 7500 Time,s . f bl k
= +
d PF-05105679 menthol J &, tion of block (means +
trol hout hout >
L M lU rl/ U i osves SEM).  (b)  C57BL/6]
i E ; £ E g, wt tooth mnociceptor
o
PR B T " o " £, recording with tem-
R : » . < .
I . . ~ o 16- perature (top) and in-
C5A10KO 2] TRPAT™ stantaneous  frequency
0.01+———— T T T ] ‘g 127
600 660 4320 5220 5280 6000 6060 6840 Ti(?ﬁgy()s _g 8l pattel‘l’l (IFP, bOttom)
(o e # f S 41
o g 500, — oo, T g% blocked by HC-070 and
o » .
@ [T w 400 120 o HC-030031. Circles re-
@?w“' 73% |+ £ 300 7 S sl .
< g ; 3 <L el : ' i-
oo o g 20| ik MET & 161 ny present action potenti
5 ' < b 5"
A T R - 8, L R i als. (c) Tooth cold res-
% g .
< o3ies W O o e© gel ponses in TRPA1”- (n
% Cold-sensitive fibres B (PP g SO PP @@ g { llbgrr T
g h i 3 4 ] ‘ “Hvﬁv = 10/138), TRPC57 (n
M ;2 0 I | LT

o 28 'i‘ %300 %{L 2500 C5A1DKO = 8/217), al’ld TRPCS/

ﬂh ° [o] o 12 4

g 24] 5200 5400 % % W A Al1-DKO (n = 5/ 177),

k5 0 . % * . % 300 N . % 04 et JTV) (] | O P Y e )

R .8 Sao| o © 30 chi-square tests versus

g 15 & = 5 : £ 100 | 515M C57BL/6] (n = 45/570)

£ 2]+ £ o B L s e e = :

— — % o 0 20 40 60 80 .
O " gt o 103 A" et oK 80 " s’ ot : -
JRCICIER PR PRERCRER mmes  (d) Typical cold respon

se of a TRPC5/A1-DKO
tooth nociceptor with temperature and I.EP. Teeth nociceptor cold response characteristics according
to genotype, (e) cold response magnitude, (f) peak firing frequency, and (g) temperature threshold.
Histograms in bins of 2 s (j) and respective box plots of (h) dynamic and (i) constant cold responses
(one-way ANOVA).

Figure 6. TRPCS is expressed in normal human teeth and increases with pulpitis.
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normal pulpitis normal pulpitis ( f) Hema toxylin and

eosin  (H&E)-stained
human tooth whole mount with degenerated dentin (caries) and pulpitis. (g) Abundant TRPC5+ and
decreased TRPM8+ (arrows) nerve fibers in the pulpitic tooth root. (h) TRPC5+ nerve fibers (type 1V)
in degenerating dentin (inset, H&E). (i) Increased TRPC5+, decreased TRPM8+, and similar propor-
tions of colabeled fibers (black) in normal versus pulpitic tooth roots and in the tooth pulp.
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