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The nasal cavity encounters various irritants during inha-
lation such as dust and pathogens. To detect and remove
these irritants, it has been postulated that the nasal mucosa
epithelium has a specialized sensing system. The oral cavity,
on the other hand, is known to have bitter taste receptors
(T2Rs) that can detect harmful substances to prevent
ingestion. Recently, solitary chemosensory cells expressing
T2R subtypes have been found in the respiratory epithelium
of rodents. In addition, T2Rs have been identified in the
human airway epithelia. However, it is not clear which T2Rs
are expressed in the human nasal mucosa epithelium and
whether they mediate the removal of foreign materials
through increased cilia movement. In our current study, we
show that human T2R receptors indeed function also in the
nasal mucosa epithelium. Our RT-PCR data indicate that
the T2R subtypes (T2R3, T2R4, T2RS, T2R10, T2R13,
T2R14, T2R39, T2R43, T2R44, T2R 45, T2R46, T2R47,
T2R48, T2R49, and T2R50) are expressed in human nasal
mucosa. Furthermore, we have found that T2R receptor
activators such as bitter chemicals augments the ciliary
beating frequency. Our results thus demonstrate that T2Rs
are likely to function in the cleanup of inhaled dust and
pathogens by increasing ciliary movement. This would
suggest that T2Rs are feasible molecular targets for the
development of novel treatment strategies for nasal
infection and inflammation.
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Table 1. List of oligonucletides used for RT-PCR analyses of nasal respiratory epithelium

Oligonucelotide

Sequence (5'to 3")

hT2R1_for
hT2R1 rev
hT2R3_for
hT2R3 rev
hT2R4 for
hT2R4 rev
hT2RS _for
hT2RS5 rev
hT2R7_for
hT2R7 rev
hT2R8 _for
hT2RS8 rev
hT2R9_for
hT2R9 rev
hT2R10_for
hT2R10 _rev
hT2R13_for
hT2R13 rev
hT2R14_for
hT2R14 rev
hT2R16_for
hT2R16_rev
hT2R38_for
hT2R38 rev

ATC CAA GCT GGT CCC ATG GAT GAT
GCA ATG GCA CTG AGA ACT CAG CAA
CCA GGA ATG TGA CTG AAC ACT TCA
TCT CTG GAG CTT GIC CCA TTT TGC
TCG AGC AGT GTC TGG TTT GIG AC
CGT GAT GTA CAG GCA AGT GGT GAA
CGC TAT CTT AGG CTA TCT TAG GTC
AGA AGG CAC CAG AGA CTC AGG TTA
AGC CTT CCA GCC ACT GAG AAT TTG
GCA GCG TTG CCA GGT TGA GAA ATA
GAT AGC CAG TTC CTC TCA TCC ACT
AAG GCT GAC CAA CAA GGA AAT GGC
AGA TTC GAC TGC ATG CTA CAG GGT
AGT ACA CGA TGA GGA GGA GCA GAA
ACG ATT GGC TTT ATT CTC ACC GGC
GCT GGT GGC AAA CCA CAT ACT TGA
TTG GGC TGA TCT GGG AAA TAT TAG
GGC TAG AGA AACTCG CTA TTT TGA
AAG AAG ATG CAG CAC ACT GTC AAA
CCT TTC AGA GGT CCA AAC TGA TAT
TCT CAT GGC ATC ACT GAC CAA GCA
AGCTTC CCA GAC CCA TAA CCA ACA
TGC TCC AAG CTC ATC CGT TTC TCT
ACC AAA CAC AGA GGA CAG TGC AGA

Annealing Ampli . GeneBank

temperature mplicon size accession number
58°C 197 bp NM019599.2
56°C 178 bp NMO016943.2
56°C 171 bp NM016944.1
56°C 158 bp NMO018980.2
58°C 142 bp NM023919.2
58°C 109 bp NM023918.1
58°C 102 bp NM023917.2
58°C 180 bp NM023921.1
56°C 183 bp NM023920.2
56°C 141 bp NM023922.1
58°C 196 bp NMO016945.2
58°C 130 bp NM176817.4
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Table 1. (Continued) List of oligonucletides used for RT-PCR analyses of nasal respiratory epithelium

Oligonucelotide Sequence (5' to 3") t?ﬁ;:?;}(ﬂi Amplicon size acce(;:iI:;Blfl?rl;ber
hT2R39 for CGA TCC TGC AGA AAG TGA ATT GTC 56°C 155 bp NM176881.2
hT2R39 rev TGC CAC TTG TGG AAA CTG CCT TAT
hT2R40 for TTT GCT GCC TGG CTC AAA GTC TTC 58°C 130 bp NM176882.1
hT2R40 rev AGG AAA CCA ACA CTG ACA GCC TGA
hT2R41_for TTG GGA CGG TGC ACA ACT TCT ACT 58°C 180 bp NM176883.2
hT2R41 _rev ACA GGA AGG TGG AGT GTG TGA TGT
hT2R42_for TTG AAG CTC AGT TCC TTG GGC TCT 58°C 200 bp NM181429.1
hT2R42 rev TGG CAC GAG GGA AAG GCA TTT AAG
hT2R43 for TCT GGC GGT CTC CAG AGT TGG TTT 56°C 156 bp NM176884.2
hT2R43 rev AGG GTA GTA GCA AGC CAG TTG CTG
hT2R44 for CTG TAA CCA CGC TAG GAA ACT TAG 56°C 136 bp AY724942.1
hT2R44 rev ACC TTG GTG CTG GGA TCT TGA GAT
hT2R45 for CGA GTG GGT GAA GAG ACA AAA GAT 56°C 181 bp NM176886.1
hT2R45 rev ATG GCC GGT TAC TGC CCA GAT AT
hT2R46 for CAG CAT GAA GGT CCA CAT AAA AGC 56°C 168 bp NM176887.2
hT2R46 rev TGG GIT GAA GGA TAG CTG AAT GCA
hT2R47 for CAA GGT CCA CAT AAA AGC TTT GCA 58°C 164 bp NM001097643.1
hT2R47 rev GTG GGT TGA AGG ATA GCT GAA TAT
hT2R48_for AGA AGA TGC GGC TCC ATA GCA AA 56°C 175bp AF494234.1
hT2R48 rev TGG CAA AGC AGG AGT ACA AGT TTG
hT2R49 for AAC TGT GAC CTC CTT CCT CAT ATT 56°C 173 bp AF494236.1
hT2R49 rev TTA GCG TCT TGT TCC CCC AAA TCA
hT2R50 for TCT GGC GGT CTC CAG AAT TGG TTT 56°C 146 bp NM176890.2
hT2R50 rev CAA GCC ACA TGC TGA AAT GGT TGG
hT2R60 for AGT GGG TGC TAC GGA GAA TGT TGT 58°C 195 bp NM177437.1
hT2R60 rev ACC ATA AGG TGG CAG CAT TCA GGA
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T2R10, T2R13, T2R39, T2R43, T2R46, T2R472] &3
Alel  danatonium, T2R14, T2R43, T2R44¢] & A|ql
aristolochic acid, 2] T2R103} T2R14%] &&Ael

M 39 40 41 42 43 44 45 46

thujones

SEERS

200 bp

100 bp

Fig. 1. Detection of hT2R1-hT2R60 mRNA by RT-PCR in human
nasal epithelium. DNase I digested total RNA from human nasal
epithelium was reverse-transcribed using the Oligo-dT primer and
analyzed for the presence of hT2R1-hT2R60 mRNA using primers
specific for each hT2Rs. For negative controls, reverse tran-
scriptase was omitted from the reactions, (-). M indicates 100-bp
ladder DNA marker.
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Table 2. Expression frequency of hT2R1- hT2R60 from 13 human nasal respiratory epithelium
hTAS2R member # 1 3 4 5 7 8 9 10 13 14 16 38
expression frequency  0/13 6/13 6/13 5/13 0/13 0/13 0/13 9/13 4/13 12/13  0/13 0/13
hTAS2R member # 39 40 41 42 43 44 45 46 47 48 49 50
expression frequency  4/13 0/13 0/13 0/13 11/13  6/13 6/13 7/13 12/13 713 9/13 12/13
_ Denatonium Aristolochic acid
A 170 - B. 170 -
; *
150 1 - 1mM 150 1 3 -=1mM
& iz ] -¢ 0.1mM gm 1 T==% -+ 01mM
% 1 k- Control éuo 1 ¢ Ao, Aeeensasesiens A - Control
90 S0
70 1 70
50 50
control  5min  10min  20min control  5min  10min  20min
time time
| Thujone
C. 120 !
150
- 1mM
130
g0 -4 0.1mM
& k- Control
O 90
70
50
control  S5min  10min  20min
time

Fig. 2. Bitter compounds increase ciliary beat frequency in nasal epithelium. Ciliary beat frequency in human nasal epithelium was measured
responding to denatonium (A), aristolochic acid (B), and thujone (C). Two different concentrations of each chemicals were tested and the

responses were compared with those of control. The error bars indicate SEM. n=4 - 8.
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