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The Roles and Mechanisms of Olfactory Epithelial Basal Cells in the

Olfactory Regeneration and Repair

Shu Pingping', Zhou Junlei', Liang Yi', Bao Xiaomei®, Huang Zhihui**
("First Clinical Medical College, Wenzhou Medical University, Wenzhou 3250335, China;
*Institute of Neuroscience, Department of Basic Medicine, Wenzhou Medical University, Wenzhou 325035, China)

Abstract The olfactory sensory neurons (OSNs) in the olfactory epithelium are exposed directly to
the external environment, making them susceptible to damage, even to death, but the olfactory epithelium can
regenerate itself for a lifetime to slow down the degeneration of olfactory system. The ability of regeneration of
olfactory system mainly depends on the olfactory epithelial stem cells, globose basal cells (GBCs) and horizontal
basal cells (HBCs). This review focuses on the recent studies on these two cells about their roles and mechanisms
in normal olfactory epithelial regeneration and response to injury repair, to provide insights into the treatment of
olfactory dysfunctions and explore the potential of their application in the treatment of central nervous system.

Keywords  olfactory epithelium; neurogenesis; stem cells; horizontal basal cells; globose basal cells
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TR T TCVE AR, WIEVE IR R A IR 4t By
S SRR A B DR (HIR RN RS, B R
AR KA E AR ), 1040 5 WL Ah 22 78 51 R0 2
Ae FABREMR M, IX i K 1) A2 e AT s
B T4ff . M R T4 A RE R TR E M) A1k,
FEAENE b RN LT A R R .

B 7ML e 2 Ab, LR bR s A
FZAEM AR, T 800 KK, 5K
F& gk B 7 5 I S FF 41 g (sustentacular cells, Sus
cells), K 7 1 3¢ 1k AF W 5% Ak I R0 24 £ £ 18 N
1856, 2 — 2K & Tl 48 & 41l i (microvillus cells, MV
cells), HE &5/, dfe T LR, BERE, &£
A 2 AR E R W s, JEA — xR
RERNME G JZ, ZHMThRe B ArieAE 2,
WA e A — S 22 S8 A0 ), 2 — 2R 2 fif & [
(Bowman’s duct-gland units), ‘& & —f = 84 £ 41 fy
i, S5/ BR40 i (duct/gland cells, D/G cells) 4 i;
FVUSR R IR AR, v DL AP R 7K LR
41 il (horizontal basal cells, HBCs)Al Bk T 2 i 41 it
(globose basal cells, GBCs)®, 7KF-3& 41 i fir T2
JEH, TRV N 2w TR, 280500 AT 7
IR o BRIEBE R 40 i ) 2 HH T S AHUME B A A R
Iy RT3 ALRE T 20 B B S i A PR . B
SRR 21 JEC 4 B AN BR TP 21k JEC 40 i 54 T AR A ML b e
T A, ARCEATTAE R b R R AR A AR AR e gy
T ARSI (1) £ €

TEMG LB, WA 22 T 1) 7% i 30~90°K .
B AR B2 T R AN A T R, A R RE R AN T
MIFREE 0, AT 4EFE R _F 57 40 i g oy FR s o, 4y
A B FGE R An R  BROR Jik JC 4 i AR 1 R R S
) TR IE 2, i 28 A 938 3 [m) ML 7 &5 s T AR K
TE F 5 3 11 T8 R A 9% /N 5 [ B i 8 i R 2 ok
JRAEE R T 2, [ RRER 7 ) AR A, 7E K (1) i
ANER JZ 518 1 20 M ) R SR TR R O o 4z, 3k — 2B
3R B R A 28 T o KT 288 R 4 i AR IE R 1
e DR iR RS, — A b 52 31— 2 18
B3 17 0 S B - X Fh P AR AR 0 R 4 AL
FERAT AR 2%, B AETFEAS B R WRpH 28 T AR 4%
WL T 7 AR 2 R G e B AL B A
BB N AR B I 0% T PR B IS A R AE R |
J B 3 AN A48 52 0 R v B AR R LR
FIAT RGR IR

1 Pk E K ZHAE(GBCs)
1.1 Bk ERABERI T 4HARE s

BRIV BE 40 M 2 MR b R AT ) — 4. A
Ui SR AR AE /KT R I A IR 3R =, 40 5 4 i 1A
AARRARR . B Jl v g A AN 22 73 2 R B E
FRic SR, BRIV 5 R M 2 1E IR b R rh 3 B 1
FEAFEARN e FH 2 ' T 4 i 70 2R (fluorescence
activated cell sorting, FACS)4> & 41 {¢ ER I 5 i 41 ffg
AT RANE IR, I RE = AL b Je b LT BT 4
MRS, WAERR AR TG, SCRREME. S8 /IR A M A Bk
TE L A )y 22 /K1 2 SIS 2 10 R ik I 44 g
Ae H ARG TE, A8 HKP JE R4l i oAb 7 AR . A B
B SR UR I p63 SR AP R ok S5 2 B, VR E KT BRI
21 L ) 3R T ik JEC A4 A1 B 22 ) oA T R A 1
Brae sy, JrRerrsEid e H e A4 ol Bk
TE 5 A M AN A7 BT b e p 22 o ) 1 FR BT,
ST AR DA B e R I 41 7 MR £ G i ML R AR
() 3 EE 40 T
1.2 Bk ERMEREE R E g

TR J T 41 A2 MR Bz AR AR AN [
BERIEA R W, BAEAFEM e, Rk
(1) % 5% A 7 3 B Sox2. Pax6. Ascll. Neurogl
FINeuroD145:202 HAK WK1, BN Filk i) £ 7
TER B W O S, AR A2 5 RFEEAF 1
Sox 2 2 P\ 1) 4 i 57 S5 D] 7, A 7K ST 255 JER 40 i AT
BROY JE I 40 Mo A A 2R 0A, T4 B AEOE B 4 ik
FPRE TTRIARAS D AT D, FEph 22 e A i F e,
Sox2BE fE 1 P £ T Hij A4 40 i 3 5, B0 HoEkcE M
Pax6 I #1122 TG (1) A2 B, AR 1 343 624, 72 IE IR
bR, Rk Sox2 FIPax 6{H AN IA #2814 1 W24 e —
PR WETiE 45 7 ¥ 5 [K T~ (Ascl. Neurogl FINeuroD1) ]
ERIEIE SR A B w] 20 9 b T4 B GBCSTEM(stem
cell-like GBC)A £ H¢ T 4l i GBCMPP(multipotent
GBO)*%, GBCSTEMMI MG H Aric &5 & H: & A
AT 2257 3, — PR SR 1C 41 g (label-retaining
cells, LRC), A& % iAp27; GBCMPPH GBCSTEME
B, FRIKKI67, J& — RIGTHAF AR . Ascll 1) ik e
TR 5 JEC 40 R rh B R S 4 P ) R 22 T o AL,
T Ascl3 1) 22 I8 i 1 e ) i & [ 41 il 43 K27, Hes
1) 22 38 D) A1 it R T 26 s 4 B m) SC AR A A Ak IR
FZE JCHT PRI B (immediate neuronal precursor GBC,
GBCINP)#F 53 3 iANeurogl fNeuroD1™28,  # J5,
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Table 1 The markers of GBCs and HBCs

A% TR DR 2% 0k
Cell type Marker Species References
GBCs NCAM Mouse [30]
Rat [16]
GBC-1 Rat [14]
GBC-2 Mouse [15]
GBC-3 Rat [31]
Sox2 Mouse [24]
Pax6 Mouse [24]
Ascll Rat [22]
Neurogl Mouse [32]
NeuroD1 Rat [22]
Lgr5 Mouse [33]
Nestin Rat [31]
HBCs Keratin 5 Mouse [34-35]
Keratin 14 Mouse [34]
p63 Mouse [17]
ICAM1 Mouse [37]
Olig2 Rat [38]
PDGFRo Rat [37]
NG2 Rat [37]

KA 22 TC(GAP-43BHPE)ES~T R WK B N R
IAMLHE AR 85 F (olfactory marker protein, OMP)[#] %
FAMRAR 22 TEI0 T S M40 L 58] 4 AR 0 L 1
I I RE T A ML R LA A T ML 2 T R AR
Wik, 76 IEH B H 3L R (MeBn) #4618 _E R,
T AT PR3 2 M IE 5 MR i rh R AL T SR R BR T 2
JEE 4 il (Neurog 1 FHAE)#B e 1) #1282 76 734k T AE IR
BRUIER AR DL SRR M43 4 /5 AR B R vy, A 1)
M IE 5 b B F% 4 I Neurog 1 H 1 BR 2 3 i 41 g 5
A RIESox2MIPax6, RIL 2 a1 70 AL T AE: P £ I
LB AT ARG 0o 32, (R AT SRR R S AR SR Y
[7) A5 h, Ascll BH V4 41 Ji £ 452 1 )5 1k 2 3% ik Sox2 Al
Pax6, T H A H s 2 [\ /5L f. Sox2&iXpf
Z I R A Bh R R Y. Rk, FERR B Rz,
T4 31 B A4 1) o A R TR R A
BT o
1.3 LerSAI4RARIC ek E R 4R T 4R R
LR RAM M A Z FbridEED. 245 NIk,
TR J5 T 4 i v 48 B R 1 AR S R R A0 0 1 R
5. (5Pax6. Sox2FlAscl1%5 5 T I AEHE R RIA T
BRI FE A0 M. S5l R BRIR e N 40 B () b e 4

Lgr5(leucine-rich repeat-containing G-protein coupled

receptor 5)E VT — MG EARIEY) . AR BT AN
FSCAE /N BB BR T B S Al i vh & — Rk 1 HoLgr5
IH 8 200 i 44 4R R R ) 1 B B, A DR R B 45 R
bR AR A O 2 P g S U0 LSt WatfE 5 il
PEL . WntlE B O UIESLE R BEREF S5
TR b R B TE AR 2 A, Re iR S T A e ph 2
T FEMR b AR E AR, R R
P &5 i 5. A 995 (adenomatous polyposis Coli, 4PC)3
T EWntil 0 FEBOE, #e Al R IALerS 1) BR Y 5
JER 240 O B 38 B O A 2 A T R PR B B
(B-catenin) & [F T B Wntild 2% FHIWT B, JUF 56 2% A
FREE A o X B, Wit 2% v] {2 3F LgrS BH PR 3t
I 20 P P 4 G AN i AR b R P e AR ER
FELgr5fE ML b R i i SRk =X, DL A 3 18 1 4
i LgrS A Wntid i 11 D e, IA N Lgr5 sl v vl BL
SR ER T 258 T 40 P H 0 B B e S AR e

2 IKFEKMBEHBCs)
2.1 JKEE KM T A A

KT R B e T, A SO
BIE TR, & TR R & M I, 76 0 RS
W JE 2 A 7 T B A A A R B 2 7 o PR L
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B )R B ik AR R, A7 AR P IROK ST 5 R 20 R s P vk
KA, AR AR R 10K A4 H o i A
(1] B 7K S 256 JE 4 L A DR R A LIRS 2R Bk
TV 5 JEC 4t M 5 AR T RS 10 748 i, D 7K 7 256 T 4
MR AR R ERES T 7EIER R F R,
AP ER M E D, i, BB LT
AT HEARE

IR 356 B A P B RS PR st iz e ) 4 a2,
JE T LSBT 5 W b B R A 2 A U RE 97 25
Fo MRANRE IR G R L B KT IR AN B Rk 4y
TR AR, I FRIA R 2B, HHIRH
2203, TEEFRTR G, >90% A MIFE T, 5<7%I1)
Y o AR T XU BY 2 AR AT, A 2%~3% 1 20 P RE
LA, FERETR1AR G K /N f5(4~3 014 i)
KA A% (100~1 0004 21 D). 7£ 75 10% FBSE: 7%
Wb, BRI AN IR 1~28R) A T £ T A 1
ZIER AN, FL A P E o (U Nestin®) Al i 5T 20 i (4n
S1007) RS, 2 5 i i & Fhidt 4L T RIB BRI,
KPR 20 B RE 8 24k 9 R b iz R LT BT 48 2R
T34 oK S 5 I A A 3R 0 A B L S(KS) R A B
14(K14), 1EHARL L 1 JHh, AT P Fhbr & 1) 28 A
MR R A . 2N R B S, K
SRR AN MA RE R I P BT HEREEAS
FeAk, IXFNIETE AL IR e I A RIS BRI e AR
MBS b 57 AAK 70 25 1 7K P JE I 40 B AR Ak A0 35 TR B
BB T AN B 0 A0, U 7 T Ak 4 2 404 S
TR AR I T4 M 7 el

HHTA 2 Mo s o i s R o 3o 7 (1Y
Wb R 453493 [0 2 5 )i (dichlorobenzonitrile, DCBN)
51 172 5 BUK P 2R 40 I R AR RS | R
{2 (respiratory epithelium, RE)“S; i 58 i MR _E J7
09 B A A5 LA 22 T IR PR DI B AR 1, R840 11
KT JE AN BN REW S - IR R 5 1) JiR IR T
RE A2 2R THI BRI B IS A PR ) T & AT aE A0 W
N\ HH I YR (MeBr) BE S0 7K 1 S JEC 241 i, 2 PRy R
TR RE R BENE R PR LR 22 e A SR 4 i, 9320 Fo A
AN ECE . LK T R A i 3 A A
TRV B I A0 B, 2R T4 3 3 A B ph 28 o A H Al 25 7Y
b Rz gm0, iz P BT U RNAIN 7 45 S 26 0 S
FR M AT MK SP 38 SR 4T M B e A = AR T, KPR
JE AN M BE 75 BB = AR A R AN b R A i A il —
AT, FRRIE LR G, Wb R o S A

Y A BROE L A A, 17 7K S 2 I 41 B (CK 1447 12)
MK T AR AS o R IR0 1) R E e AR 6~8 i Jo
] A P, RSP IR AE M AEAN [F) 5540 T 1) 4y
g Re i 1R
2.2 p637EiIRIRK AR AMARHE R HIER

H O 7K P 25 i 2 M K v A AL T R
PR EASAE R A, 7K ik i 20 R ) 0 A AT A Bl
¥ 5% % 84 /0 1) I8 25 Fp63(tumor protein p63, p63)
FERFRIER M, SFmRNAK R [ KPR,
POSEER FE i KRR o, — RO T &R
1) e ABE 3, B Tap63; T 7E 73— 8, 1% 45 14 35
emidz, dAh e 7 B, FRANp63. B —RNRFEC
R i 25 K3 A B A 9 AR Y, K B AR TN
o+ By 8. v+ €. ANp63ats H A & R _F K p63%
TS . B AR K P B R A M b i ARk, T AE L
by 240 i 2 7R D) AN BT, 45 4% B S EEpe3 ik K
FE R, 4R K R R4 R O A0 S BROE 2 TR 4 i
S T A . 28 B0 i Bp 638 TR 11 7K - R i 4
T BEAE R 32 450473 O 264 T TT 46 20 A6 07, DR 3 Sk 4
1M1 23X ANp63 oty ML b 7 7 3 B 451477 e, R
I3 KRR B PR AR AR B RS . X e ISR
B, p63MIFIE TR & g 7K1 J5 e 2 P A 75 0 1)
TIPSR A HI BRI 453 05 1 L 40 3, ANp63 33k 1)
YOS KT EE A, A5 LA R IE A
BEE b iz iE &, ANp63 1R IA K& i LTt
5 7K 22 JEC 4 M M AR S T i LIRS,
2.3 KEERMBERAIESEBEFRIERHLE

KPS A B A MR (AT R 4T 6, Re g s
H S HEeE . S A, SCRFA I 2 2 5K
-5 R 20 L () W 2 4 B e 4, BRI 40 15 5 1T R
1 I 216 B SRR ) K BRI A 5 . SRR
It 5Notch. WntfllHedgehog2% i I A5 5%, 1X L1
P8 AR 5 i p 22 RAE A DR &40, WntHlINoteh i
B AE H A 2 2R E R hR] USZ WA p 63 1 23 7K P10
WIRT AR, Wntid B% DA IESSAE K B i AR 2 5
b B2 RS TR AR 22 e AR TR RS 5 T A [
27077 . Notchil #% 2 5 SRR 40 M 7344 1
22U KA, e R 4 RF e 5 R 1 ANp63 I 7K T,
T AE R 7K 25 JEC AR B ) R BEG LEIRZS Y. Notehl
Notch2 A K¢ Notchif #% [ "~ i #% 5 Kl 7 Hes 134 ££ 7K
SR A R RS, Hes 1 #E 52 #7401 i 7 AL T2
R, X e SE LR B, Notchil B A2 i i 25 I 40 i 2
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GBCs @
Hes1(+) —

Sus cells \
Sus4(+), Hes1(+)

GBCs

GBCs
Ascl3(+) @ Q)XZH),

Pax6(+)

®—0

GBCs
Ascll(+)

\ \
GBCs
@ Neurogl(+)
NeuroD1(+)

—_— OSNs
D/G cells OMP(+)
Sox9(+), Pax6(+)
Severe injury Proper injury (eg. MeBr)
RE (eg.DCBN) |ANp63 Normal
S—— @ bulbectomy
HBCs

CK5(+), CK14(+), p63(+)

KPR SR AN BRI S AN ) 7 A B8 J7 0 AEAN RSB0 T, 7K1 T AT M H AT AN R PR 2 AR e A2 I ML L B MR IR AR, 7K-F- 5 i 4m g
SUHEAT 3R, A2 E R S A S (WIDCBN), 3 A IR 7K 1 Ji R AT M R AT W 8B e A2 T A2 3 453 15 (M eBir) &, ANp633% 1%
N, R HOKP R R AN O ERE B R AN, Ak AR A TR AR S A AT . BB IR R AN R B Hes 1, [0 SCRFATM 704k R ik Ascl3, i)
SRR Ak R BRIE L IR AN I I8 Ascll 5, 4k ZRiENeurog1 filNeuroD1, 5 = BTG, RS AT, FiEAscll B Neurogl I
NeuroD 1 [ ERTEFE AN A 2 Pk B R 1A Sox2 FlIPax6, F-RIH 2 ) /0L e . HBCs: /KT 3ER4NAY; GBCs: ERIEIEJR AN, D/G cells: fifl 2 (R4
fitU; Sus cells: SZEFAIAN; OSNs: MLAHEE JG; RE: MAGE |57 ; DCBN: & [
HBCs and GBCs both have differentiative capacity. Under different conditions, HBCs’ capacity is different. In normal OE, or following bulbectomy,
HBCs begin the process of self-proliferation. As a consequence of very severe injury (like DCBN), the activated HBCs contribute to respiratory
metaplasia. In contrast, under the stimulation of proper injury, like MeBr, ANp63 levels decline and many of the HBCs differentiate into GBCs, which
in turn give rise to neurons and other epithelial cell types. As for GBCs, some among the GBCs express Hes1, and transition directly into Sus cells.
Some express Ascl3, and turn to be D/G cells. Most of the Sox2/Pax6-expressing GBCs give rise to Ascll-expressing GBCs, which in turn give rise
to Neurogl/NeuroD1-expressing GBCs and in the end, expand the population of OSNs. In some cases, the Ascll-expressing GBCs and the Neurogl/
NeuroD1-expressing GBCs will initiate the expression of Sox2 and Pax6, which are expressed by more upstream GBCs, and evince multipotency
either in situ or after transplantation. HBCs: horizontal basal cells; GBCs: globose basal cells; D/G cells: bowman’s duct-gland cells; Sus cells:
sustentacularcells; OSNs: olfactory sensory neurons; RE: respiratory epithelium; DCBN: dichlobenil.

Bl KFERABEAMBKAE KA 5L EE

Fig.1 The differentiative capacity of horizontal basal cells and globose basal cells

BRI E T st . BAREA BB Uk uE i
Hedgehog i # 22 5 WL b 7 (1) ) £ K J&, {fHHedgehog
W AR Z AR EA T4, JIFH S Hih R %
HITE RS KA 3 VIR 5P, 37" Hedgehog it % 5% - HF
FUR b R e S A NLE T R R — e B .
4 HE 7 410 f 7 4 21 £ DCBN ™ 2 4 47 [ i L
B, WL E R e 58 4 P AR T R4 AR N REIRGE bR, $
7 R 240 i 0 7P 2 I 4 B 2 [B) AT REAFAE AR ELAE
F o HALHIERR R AR 7t — AN H s i AU
B INA, IEEEEY)IE B 1 e S 1 90 N 2%
18 RO AR 2 T ) Bk, R BORGE D AR RGBT, TR
P B BRI RAE R OU A B AR AERR b R AR
FI, RIEAS (% 5% A7 NF-xB(nuclear factor-kB)
(R R 2 R 7K S 2 T 4 AR P S ), X $ R, e

S SRR b Jz A 2 A B DI R . S E, #E—
A B KT B SR AR AL TR AN AL ROLAR, A
T B G AT 7T AR IR R B A 18 B AR R A
Ao

3 IREFERMBEHBERITENX

BRIE J5 T 41 i FH 7K S 256 TS 41 A T DA A 5 s
AT, MA 2SI HLRE BRK ARG X Fh 5 3Rk A3
PRI S0 M 8 R, A6 e AT AN AR PR B R Th g (1)
P AR, AE IR ME RFHAGTT AR
A R LF IR TS

FAFACSHIGBC-3#1 44 73 B 4l {3k T 55 JiC 48 A
Z G AT E A S S S, R IR A B 3 A
HIE, HANRPZ 40 00— Ff 58 R 1A NestinfllSox2, &
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HIFLR — R T4l sy, A4 R B RIME
JCRE TR T #0420 0R AT VRS 178 ReCT . A iE
FR P W 2247 ¥ 43 5 % (the Basso Beattie Bresnahan
locomotor rating scale, BBB)FIJE 25 241 58 K BN, #
T BR T 2 55 20 0 e A 30 40 0 %6 R 1) P AR 0% [ IE,
WA R, KK 2R 40 i 2 fE A SR IE
D> 5 12 3 24 AR HIT A 200 R T 2 o 44 B ) b 5
(1), 7KV J5E S 4 B A P b A0 i # Nl 22 06 K &
TSR, 7K P55 T 4 0 % A 2136 B 40 0 A st D7) o
2R BERLS, By 2 SR 5 24 it R it B 248 i,
TBIT XA 2 REBUGE. 25 b, K3 R 40 F0
BREFE R 40 B A B AT AR f 2 RSB T AE VR T
Wil EAHRERADT T

4 NES5RE

ghia FIRBE TR I, BRIV IR R 40 2 1R L E
7 b BB R, BE IR, thAE AR
FEAKP S GHAALE P R LT AT g B . R RNy
B P R B JES 41 11 2 3% TR R [RD, LgrSHI1E N
BRIV ICHH T 20 R B R e bnid . SIS BRI BRE
SR AN HAS ], /KT 56 TR 4 B gl A A2 B ROR A& 1
T-Amf, FAE S BE BB I LN S . p63%
T KT R VR e 7K S S5 T AT PR 1) 0 B AR A,
16 13 B2 0T B8 3 & Notch. WntHllHedgehog?% £ %%
GO IE S . MR R A R ER T TR A S KT R A
M s B s T Al g fe . SOt 7RI, Al
BRI 58 IS 4N P A (R 3R 452 195 B 1 T A, i KT B
o0 M M B BRSO RS U Pk 2 K R IR, g
G4k S0 5 B 5 20 L R i 200 L AN T Y8 7 TR R
RY0i. MAh, AR 40 B R KT 2 40 i 2 1)
R RE R ELAEF, e S R AN B B T A= 2 [ fr) Bk
R, W B0 ) S R )

JHEE NN, Sox2F1Pax6BH M H Ascll BH M1 /K~
LR AN T AN, SR, SRS A BRI S R AN
P RE X b R 4549 1 T 4 s 0 ME AR . R, A
2 TR YN A AN A T Y 78 40 i LA TR 1 £ L RE
1. I, HRTSRICTE R e A R
FAVRFAE BRI 2L A M A2 20 P LerSTEA%R R
PEARIC B AT BeVE R 75— B . AR /KRR A AR
JTTH, EAEMRG R B RN b R i, R LAk
HAMR LKA, EIEW AL
(b 7 R, K R S A0 B PR R B 1 T AR R ™

P4 2 )5, BFE AT 17K ST 28 I 4 B AN E TG ik
SIAMMRER, i« FBFRE EEA. K
P35 JEC AT g 1 X e A N TR
FAVEA V2 ) BICVERIE . bean: W] #Ef
i 5 R Rz AR B T A T RE 4B A 2 AT
TAM? fHARRIGE T TR 5 T7 1R ? Rk
Ascll. Neurogl FINeuroD1 ¥« FJiE 4 ffd, anfay ik &
DS SN =E T Ak EA R f Al iR s i) 1N
TG [ PR I B, R 2 BT IRATT B T R
B FAE B o AL, AR BT R S G b R R L
B2 V6 T L i AN AR AR 22 R SRR
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