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0.8538, P<0.001), £5i& TRPCO 7E CRS 5| (1) WLog JsiR £ 4 B e b KBTI, Bse DI Re R R 5
TRPC6 & i FAH I, OMP 12 LS8 (19 % 0 52 7, [F] A 3238 N 8, S IR AT HE I TRPCO 11938 34 F i Wl g & F: 3%
CRS 5| & L E 8GR A P2 L 22— o

X 8B O ASMERFE R R NR ; B SZ AR L ALETE 65 R AR IS

R E 4 %S R765.25

Expression of TRPC6 and OMP in the olfactory epithelium and its
correlation with olfactory function in patients with chronic rhinosinusitis

CAO Lei' ,\WANG Zhu',LI Wei®, LI Peihua’
(1. Graduate School of Xuzhou Medical University , Xuzhou 221004, China; 2. Department of Otorhinolaryngology Head and
Neck Surgery, the Affiliated Hospital of Xuzhou Medical University, Xuzhou 221006, China )

Abstract: Objective To study the expressions of transient receptor potential canonical 6 ( TRPC6) and OMP
( Olfactory marker protein, OMP) in the olfactory epithelium of patients with hyposmia caused by chronic rhinosinusitis
(CRS) and their relationship with hyposmia. Methods Twenty patients with CRS with hyposmia were enrolled as the
experimental group. Ten patients with deviated nasal septum and normal olfactory sense were enrolled as the control group.
T&T olfactometer test was used to evaluate the olfactory function in both groups. Immunohistochemistry and Western Blot
were used to detect and analyze the expressions of TRPC6 and OMP in the olfactory epithelium of patients with CRS with
different degrees of olfactory function. At the same time, the correlation between the expressions of TRPC6 and OMP and
the olfactory function was analyzed. Results The olfactory T&T score in the test group was significantly higher than that in
control group, which indicated the patients with CRS generally had decreased the olfactory function (P < 0. 001 ).
Immunohistochemical staining and Western blot showed that the positive cells and the expressions of TRPC6 and OMP were
significantly reduced in the test group than those in the control group. In addition, the T&T assessment score was negatively
correlated with the expression levels of TRPC6 and OMP in the olfactory epithelial tissue (TRPC6, R* =0.91, P <0.001;
OMP: R* =0.8538, P <0.001). Conclusion The expression of TRPC6 was down-regulated in the olfactory epithelium of
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patients with hyposmia caused by CRS, and the degree of hypo-olfactory function was negatively correlated with the level of

TRPC6. As an objective response of olfaction, OMP was also down-regulated. Therefore, we speculated that the down-

regulation of TRPC6 expression might be one of the biological mechanisms of hyposmia caused by CRS.
Keywords : Chronic sinusitis; Hyposmia; TRPC6; OMP

WL 2 b A2 BRI RE 2 — , B AU AT B 531
VR, IE SRR B O R R R
FAG o MRS EAT B AR T, 0 AT A 336 Joi i 52 i
KM BIRMRE RER O AR 22, B SR
o b I T SR e K A A, H g 1 -SSR R
( chronic rhinosinusitis, CRS) &2 5| "R 4% [ 65 5 |
TLEE I, 24— 2L BB B E A CRS By S,
CRS 5| i 1 ML 9 12 1% VA 28 Sy A% S 1 ML o DR
CRS & MML5s Gk A L g8 EIH R T 528, RIRG R K
o RNEL SR A A A o R T 3 3 ) e P
TR, bR B RORERELIS | B85 A WRE IRCE AR XE LA
TOI , DFRGy iE Wn Th REAS B G (H AR
WL ANEAR L LB Y I 22 T (olfactory
neurons , ORNs ) FLA5 A W7 F- A4 4L IO RE . CRS
SELE AR L, R RE BR LR SE 4 i ) A AR
TR S R PR A S T I A A2 A H 37 3 JE 6
(transient receptor potential canonical 6, TRPC6) 1K
PN Y A 5 Ca’ A R E I —, HAE
U ) ORA R I R T N L A 7 = R R
@7 A g K TRPCO il I3 45 i 4 1
(olfactory marker protein, OMP) 7 CRS ff N8 4% & %
S LT R B 3R 16 DL, W) 2B R 1T TRPC6 5
CRS SEYMIEFEIFHIC R, A B0 CRS S ELAY IR
D PR S AR BT 5 5 ]

1 #ZREFZE
L1 BpACREE K dH

PEHX 2018 4F 12 H—2019 4£9 H fEfRIMEERIR
F IR EE BT IZ Y CRS Pl H B g i (1 285
T&T W58 K ) 1) 20 1] J8 & AR D SE g 21, Hoh 53
14 5], 2 6 {51 SF- 2 4 4% (32. 00 £4.08) 4 ; [m] 1
Y10 {5) 55 B 57 T SR AR Sy X BREHL, b 55 6 4]
24 iR AR RS (31,70 £3.39) %, By 0 MR i
15 5 S A AU HRZH A8 A7 08 F0 1 01 05 T X e g8 124
25 (P >0.05), W2 JA A . A bR
18 ~ 404 4R T, HEBR PR AR I T B L | f2 IR
o BEAETCEIRT AL, TR S iR,
TEH  Fh XS R ORI R S, TGSk SRR T B

A TR S, TG LGB IR G 5 ke Y IR 5E
AR o s CT KA, S N Bk Ar, HEBR AR BEL5 |
A AL SE DR | XS P RR S B AR G R 2 e T
AR PR IRCRE A P G R AR B v e R DX R A b
A HIEVI R o ASBTSE 22 A M BB R 7 B s 2 e =
FACHLEE LR 01 S HUEIAT , Ir /U I 8 AR
SR AE R A
1.2 T&T MUGEE G AL ik

PR O (B - BOERAET ) B L3 15006
M (AR - BHARRIRR) SRR (TR - RARTR) |
ke R A B R A - S4Bk 1 0R) Fn = 5k |
(B - ZEREK)S Ry, LA 10 f Rl FR Xt ik 7
Wk, JLMEE8 B, MS5432.10,-1,-25%
Mo O IEH WLGE A BY(E IR . 5 e B di iy, MK
B, -2 el IREME, BTEHN 0.7 em, K4 15 em
FIJCTRUEAR , R TN , & 32 1 T W, SRl 4
—ARUETR BFRIERA 1 emo JEERICRAE LAY
RN BEARAR , WA D PN AR BRI ER L, FH T 2
SRR Ko 8 5 R IR BTC 2 A, SR
PEIME . MR RGFRIESE T 5 M) P B 2 A
BRLAS. 245 BRI A REUNI , 7550 6 /]
T 1O NIEH 1 ~2 50 i BEMRUE ke 2 ~ 5 508
BB , KT 5 SO AR
1.3 Segitin

%t TRPC6 Z seBEHTIARIG T Sigma 23 ] ; G OMP
Z VTR T LSBio 23wl ; B-actin H1yi [ — il
TR USB 24w ML S — 250 & \DAB 12
@R & EDTA HUR B A 30% 1 A AL =l A b
HAIZ G A PIBORA R ] — DU B D
R 5 AR & R B ECL AL A0 &
RIPA ¢ PMSFE 8 1 B i1 57 . BCA 2 k2
I GRS R R BN — 2R PR ot M B I
Uk (SDS-PAGE) 1l & 4 T3 = KA H AR A IR
358 ~ 60 C I kA1 1 60 ~ 62°CH i A1 M5 Wy T - Vg
PRARRERL)
1.4 OMP F1 TRPC6 #3244

B 4% Z R P E 24 h 5, BT
KR L, AR 0 WD) R ALY) R
4 pm, RAEERF R AEYR - AL A
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UL AR R E I T A B U] R S S, BEIR AR
Z v (PBS) M 3 1C,0. 4% B & I BHE AL 6 min,
PBS st 3 ¥k, FRE T 0. O1M Mk R 2% v itk (pH =
6.0) AT M E 20 min, B E A 2 %,
TN 3% H,0,, % i 10 min, FEH N L7, % &
30 min, Jf N — Bt (F£HT OMP 2 o7 B B 44 5 S $it
TRPC6 Z pifEhiik) ,4°C 31, PBS ik 3 ¥, i
“HCEM R 16) TARWR (R Bt A
1:200) , %36 1 h, PBS ik 3 3K, i SO Bigbr 104
AR, M 1 h, PBS whif 3 W, @ BRI
(DAB) 2.4, % i 30 min, PBS #fijjk 3 I, AR R K
e, KUk, FhR oAk, HRUBOK GERT B R BT
6 B

1.5 ZFEHEI5Hr( Western Blot)

FEAR SR R 7 2 2R T8 1 24, $R IR
HH L Bl R MR 8 H A 10% ~ 12%  SDS-
PAGE JEATHLTK o HL Uk 58 IS 4 2 1 7 8 22 3R Al —
IR (PVDF) B L {1 5% B i B 4 03 2 st Pl
2 h, AR 20 1Y Tris-£5 B2 22 W (TBST) o5
3 K. #4 PVDF JBER I AEAH B ) — B, 4°C 18 R i
P, TBST sk 3 UK, I AR i S8 AL B AR 30 Y — 40
(FRREEEN 121 .000) , = IRIFFE 2 h, >R ECL b
FOC AT R A M Tmage J BT #E4T K BEAH
I3 o
1.6 Siil=rorir
BRI & + s R, S0 50 B H AT
BN REA ¢ G5, PRI ECFE X A 50, K bR a =
0.05,P <0.05 hERAAGITHEXL R
Spearman F&AH I8 OMP Fl1 TRPC6 ik 7K - 5 i
AR AR A DG . Ge it o i A BT R 2 R
SPSS 19.0 G5 it #4411 Graphpad 8.0 #4747 .

2 SR
2.1 WA MU D REPEAG 45 R

S T&T MAEPE4> A (3.79 £0.90) 43, i X
HREH T&T W5 PF43 4 (0.36 £0.31) 43, 2 5 HA 4L
e (1=11.59,P=0.000 1),
2.2 PHYLEE IR [ 040 OMP fil TRPCO f iz 4
b4k

OMP (1) G5 R SE ) by €8, , 2 847 AE TR |
B (LI N L b, OMP #ois 28 fb 245 SR 6 1, 5 %t
FEAL AR L, SE08 2 OMP B 3 1k 7K 37 S 2 (% T X i
2. TRPCO Wy Hsie N 1)l it €, 23858 T IR

R e e b, S0 BRATAE L, SER 4 TR-
PCO [ 3235 B E AL F X A4, v LI 3| TRPCO 1
MELJERBE 11 22 0 I BRI AN h ik . LRI 1
2.3 WAL 141 OMP I TRPC6 1) West-
ern Blot 455

mzE 1 MK 2 f7~, Western Blot 25 .30, 5
X} HRALAH HE , 5256 41 OMP Fi1 TRPC6 2R (4 36 ik /K F-
WEWA, ZFHAGIFE X (P<0.05),
2.4 74141 OMP il TRPC6 Fik/KF5 T&T
WL P53 AH G 43 BT

R T BT B R H 2 OMP I TRPCO Rk K
PR 5 LR A A R A DG, SR Western Blot £
TR [ fz 21204 OMP A1 TRPC6 Hy ik &, A OMP
J TRPCO JK J& LA A 4F A 1E & 7 fii, 8k H
Spearman FRAH AT, S5 XFBRLAH EL , S 5641 OMP
A TRPC6 2 [ kK V-8 E 0, 2 7 HA G it
HEX(P<0.05), MeAb, Mug Ly REMER &)™ &, i E
K41 OMP Fl TRPCO ik & kI, 2 R H A%
(P <0.05) o 5 [R] s, %R _E Rz 21 27
OMP F1 TRPCO6 ik T&T Mg P-4 47 AH M
O3B, S5 R AR T&T PEAR 1S 70 5 R 1 iz 4 4
OMP F1 TRPC6 2 1k /K - 5 Bl £ A ¢ (OMP: R® =
0.853 8,P <0.001;TRPC6:R* =0.91,P <0.001),
DL 3,

3 itig

TRPCO # &I 1z =ik T g oo, i
PR o 22 AT A L OO MR RR 2800 (IR R AR 43 R i 4
J A, T B R SR T S AN 4R . TRPCG A
FEF/NRIRLSE R i H& TRPCO M58 R 4E
ML A VR EIAAS T 48 . ASBIE 98 i R ATT7E CRS
PR YR S5 A 1 MR A I B T TRPCG 3=
ik, AL € F ORNs | MRS 41 i B5E 5 i 2% 9
OMP F 1972 44 % B, J2 WEL 5 3 % v M — 7] 9 b
TR 1, HE 2 2 38 58 T WL it ANl 28 6 A i
OMP PRALSE T AE HAT = B AH e M, CRS J8 % IS8 26
fEE OMP ) 5 3K WA, BR A BF 9 45 S — 2k,
T&T K435 OMP (1 25 11 L K 0 AH e M40 i 15
i, CRS FBRFH M I 21y OMP FRAK S MSEIE S HA &
FERIAH DG , X BRBEAE I WF 98 AHAF . 3 TRPC6 Y
HEMBKS T&T PEo AT, AT 1 T&T
R PE S35 TRPC6 L HA 1w BE B AH G , T X 7
H OB A G o BT LA B Y, CRS JR 35 M | h
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s ‘:\ @ e %D
' ~ 5 ; T et g CSRaE N p- =
.,‘ . , 4 RgpEL. s
: g ¥ J ' ; A : 2> S <3 : >
« p i ). 5% & s -
- 2 ."‘ 28 0 r R e A 5 3 .
N o ety : b et 24 & S
" X :' ‘ AN Y e L
R A 4 B .- b '\Q el 2 N\ o

B1 ML EZ4Z OMP Al TRPCO e ML 2 G A5 R i Sk ron M BIPEGe G i A X IR OMP e (A 2551 B 5000 241
OMP ZeaZi it C. X IEZ] TRPCO Y45 R ;D SLH 4] TRPCO Y@ R (A B:fpdlfl x400;C D41t x200)

_15 =Control
OMp S=== SR N g = =Test group
B-actin % 1.0 e
1 2 3 4 8
" TRPC6 305
F1 AHWEE OMP TRPC6 5 B-actin JKFE H(H (x £ 5) Boactin m— ——
I SR (n=20) XTHRA(n=10) P 1 2 3 4 A 7 OMP TRPCs B
OMP/B-actin 0.4310 £0.0827 1.3019 +0.7043 0.001 2 M| 4141 OMP I TRPC6 [1J Western blot %%

TRPC6/B-actin ~ 0.7511 £0.1501 1.1179 +£0. 0503 0.001

A :OMPHI TRPC6 [ 45,1 14 S52Ee gl ,2 #13 Jy Xt IR
21 ;B WAL ZUREAR OMP Fl TRPCO FE4R 5] 45 5% (5 %6 RE 2 A
F, " ** P <0.001)

1.64 1.5
1.44
1.5
ol X
8 104 c * ?
p10- £, ] Y=-0.217 1*X+1.296 :
0.8 8 e R=0.853 8 §
% 82' g P<0.001 e 0.5 I
02 Sl . " a Y=-0.126 9"X+1.230
0.0- e oo R=0.91 P<0.001
% Q 2 .U T T 1
Q@\»Q & b@"q}@ R &2 0.0 r T - L R Q@’ S é"’@ %%4?/‘ 0 2 4 6
~ & o L ° T&T Score
& N T&T Score S esoen— C D
= Test group B O Test group
3 RFEFREEMRSE T REINIR 5 OMP Hil TRPC6 ik )¢ & LA K 5 MLSE PEAR 15 43 M AH DG E A (B SER AN [ A5 85 ML i
B3 OMP 33K 5 %5 IREH LB M X5 Y T&T MR TPAL 1S40 AR S 2387 5 C D« S50 21 A [ 78 5 WU B A5 52 3 TRPC6 2R3k
SR R LU S SR R T&T WPk A5 AR D 234

TRPCO6 (AR, B AR 3 B ML T AR IHGE A5 ¢, B TR- B ORNs 200 it 8 7= 33 35 368 3 1 200 il 438 8 o 280 Yy 3k
PC6 ik B/b , WLot D RE R B JE Mg R st aE Y . ARSI R, S5

MRLHE e fi 2 CRS B8 WAERE E IR —, WHE 41 TRPC6 Y3k BH B FEAIK, OMP J3E R R FEAIR, I
PR ST TR R FR  ZatiEML L TRPC6 5 OMP (A0 5 T&T MLt 1E4r 5
DREVE S B T ARG 2B YT (F R mE R SRR DG, T OMP HUA 78 s Y ORNs 3Rk,
SRR BRI BENBE R E A BERNTHEN TRPC6 F]AEiE 520 ORNs 1731k L 1
HEERE AL, MR CRS SLEM MM ZES B M, i a h e, HLHLH AT REW T
PEER RSN, AT IR MARA EOF e mse saR ()52 TRPCO S 5 oeA K M4 S ], © 60 i 5 1 1f 22
, T ORNs SR | 7 Y WRUERee BT, FL I 7 il 30 # 7% T ( brain-derived neurotrophic factor, BDNF )
PAT, BN RS GR A FE R & Z —, ORNs [ {E s & CArdl o4k, F7E PR SR Y 18 S 4
AALA: IRIBRE ST, ORNs YAAE A 1 A SEEEfH . BDNF 75 Al 58 AR R AE I fb 2 5 | 175 7 2
HZEA"' . ORNs £ %8G, BT FHAER  Cal ' F54 %, Li &1 K BULE RS I% 19 /1N 90k 40
ORNs BACJH T 40 M0, 40 iR 2 B DL ERF IR SE ffep TRPC 3@ 3 47 B T BDNF 35 59 A4 K 4k Ca®”
(A, TR AN I A G 58 oA G T2k, T, JF Ho& BDNF 75 5 (A2 5 | G5 R 5 1] B b 15
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). MdEt 9 RNA ik, N8 T TRPC3 A1 TR-
PC6 (5385 , I T BDNF i 549 Ca* " JHi fiA:
KA 1, [HI, TRPC6 3 A 15 1 %F T BDNF 5| &
MEERERRCEE, ERIEERT, M m
- BDNF ik & A= o728, sl h 2 AR (o b i s 57
PESZAAR, DTl 2 A 5 b S o sl 5, DA I 25 2
S % # s A K . ORNs (14 i 1R 41 it > 3k 35 40 i,
7 ORNs [l 98 MR R 52 245145 /5 , BR AL 40 i kAT
A 22538 T IR 0 5l S AT TR A BR 5, Tl 2 ) WL
BRAE T, S A FNLERI BB Y 5 ik, SR J5 T s i)
ORNs'"  m5L % 41 Jfl ( olfactory ensheating cells,
OFCs ) 2 i1 %8 75 Wt 25 5l 58 S0 19 R 5k S Jo 4 i
OECs HA e FE# 2 el S A= i DI BE , X — DI e
il it OECs 3 Wb 19 42 i Bl 58 A4 Ky IR 5 ik 47
[y o kR A - BDNF | Jie 0 4 IO 50 4 2
=T (glial cell-derived neurotrophic factor, GDNF)
2 A4 K AT (nerve growth factor, NGF) (181
BDNF [ B fe #E ORNs AYB 5 AR 1. HOoA i m)
ORNs A HA#ik OMP BHES), T OMP N2 L5 12
A ELRT 2 . TRPC6 {2y BDNF #y T {7 i 18 25
R Ca® ™ PRI, B8 JHL S A 28 1) 5 1) A
F, TS0 ORNs A9 B, iE— 2052 i OMP fy 5%
i, M5 R IR A s

TRPC6 47 1 /) I FURL A L 1) 47 15 , Jian 25
R BN UL 20 i 15 SR b, B TRPC 5 38 5 T
JH TRPC3 5 6 #1i] BDNF 4S9 {& 47, BDNF fjh &
4L Ca®* FHiE F1 BDNF 5519 cAMP [z v JoiF

+:
&

CREB) i . #LLZ T, 3Rk TRPC3 8 6 ] LI
Jin CREB A% 114 R 25 35 BRI (19 7 3%, I B 1k sk = 1L ¥
2o & AR T, FF HaX PR 94 8% CREB [
Wro oAb, T TRPC3 5 6 7558 A K BNk 1Y
NSRS 20 B R T, S HLAE A 4 5 #6k TRPC3 5§ 6
RARRGXRIE T o BRI, 4 R AL AR S 1 i 4 1 25
TRPCO 3 i X g i pf £ A AR 2, AR [ R
WA R 5T FE W, WLER T ) 43 3 8 77 IR F-, BDNF
NGF 1 GDNF % il i 4 32 i1 25 ORNs ik,
Fk4E % ORNs [f715"" . TRPC6 fE -} BDNF [
TUEEE R, AT LAGR A Al 22 04 L, TRPCO (13
IR T V] R T SRR A L ) R PR T, DT 5 | AR R
WIHR

TRPC6 2 51 5 1) A= A R 58 BT 1 =22 /i A
98 & B TRPC K% L i TRPC6 W] DA i Vi 4 pf
ZIoMRAK . 5 kB TRPC6 76K B S i

% H ( cAMP-response element binding protein,

FIRFIELE S 7 ~ 14 d, 53X — AN N 2 %
RN K A TR 1, TRPCO (95 %3k
B0y i S R S A I A OB TV (calmod-
ulin-dependent protein kinase-1V, CaMK-IV ) #1 CREB
R, et TR AE K. I TRPC6 ] i)
CaMK-1V 1 CREB (R 1k, , 450 T 1 2 4R 20 1 1)
Ak Wl Ca® P, M T TRPC6 it B 24k 4
MR KBS, TR TRPCO #% 5L R/ L H, CaMK-
IV 1 CREB (IR AL IG5 , B 5 1R 40 M i) A= 4 o v
T & Lk, TRPCG ik CaMK-IV/CREB & 42 i
HRGAR A AR . 5B R T TRPCO 7E CNS
KRB RGEE- . B9 A K F TR 5
TRITE S Bl 2870 22 8] 1 57 Sk 3R AL 15 5 M
M2 @S T S ER Y . MRS K B S 2
SO 1 B BT BRI Y KR TR 2% TR
JHECLEAIE AN X e o 14 5y B 26120 ol U
2270, ORNs BB 58 I R 32 R 231 330 A
53 SRIG RS AT AR AMELER 75 28 Il B J2 v 1 L
J57, TRPC6 J8/b 5 , 5| e A 5 A K e i, i - 0 st
R
L b r i, TRPCO 1 15 A2 3 1K 16l 2 T I 77

T M RIAE R R T Jop 2 I 28 10 g 37 ok 8 R &
PR F RO, X S DG R A M Aoy AR L
BRI TS, CRS R MR b R AL T8 1 R RE PR 5L
o, Al e g | B R B R 40 L) TRPCO 23k i, A

20 ORNs 34 5H B AR 15, 3 30 OMP £ 3k F il
MATT G | RS MR 98GR . ASBIF9E TRPCO 7E CRS 511K
WELSE IR S AR | B2 iR 3R5 TN I, OMP [ RE SR A
T, H T&T 13435 TRPC6 5 OMP ik #8511 Af
KR ATTHERT TRPCO 143K F I Al fig & 53 CRS
5| R ML R Y AE e L 22—
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