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Development of an olfactory epithelial organoid culture
system based on small molecule screening

WANG Han', DENG Liling', QIN Xuanhe'?"

1 School of Life Science and Technology, Tongji University, Shanghai 200092, China
2 Shanghai East Hospital, Tongji University, Shanghai 200120, China

Abstract: Olfactory epithelium, which detects and transmits odor signals, is critical for the
function of olfactory system. Olfactory epithelium is able to recover spontaneously after injury
under normal circumstances, but this ability is dampened in certain diseases or senility, which
causes olfactory dysfunction. The olfactory epithelium consists of basal cells, sustentacular cells
and olfactory sensory neurons. In order to develop an olfactory epithelial organoid containing
multiple olfactory cell types in vitro, we used three-dimensional culture model and small
molecules screening. This organoid system consists of horizontal basal-like cells, globose basal-
like cells, sustentacular-like cells and olfactory sensory neurons-like cells. Through statistical
analysis of clone diameter, immunofluorescence staining and qPCR detection of the expression
level of related marker genes. We identified a series of growth factors and small molecule
compounds that affected the proliferation, composition and gene expression of the organoids.
CHIR-99021, an activator of Wnt signaling pathway, increased the colony formation and
proliferation rate of olfactory epithelial organoids and the expression level of marker genes of
olfactory sensory neurons-like cells. In addition, each factor in the culture system increased the
proportion of c-Kit-positive globose basal-like cell colonies in organoids. Moreover, EGF and
vitamin C were both beneficial to the expression of horizontal basal-like cell marker genes in
organoids. The established olfactory epithelial organoid system mimicked the process of
olfactory epithelial stem cells differentiating into various olfactory epithelial cell types, thus
providing a research model for studying olfactory epithelial tissue regeneration, the pathological
mechanism of olfactory dysfunction and drug screening for olfactory dysfunction treatment.
Keywords: olfactory epithelium; organoid; stem cells; screening
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W THFEIRES, GBC L FIRIRIRA, HrZeAly
e ARG 200, MR ) GBC A%
Fi0ifE, HBC SIS/ kr=4: GBC'*7,
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A EYE, 40 Wt 1 Notch {5 5@ i, MR 7
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Wt {5538 #§ AT DAPE R E R 3skoOT 58 40 M )
F R T A 2on e 1ges 2 Wt (/5
P E LR, AW ER Wt F558
B 0 IS RERS AR AE LgrS BRIE JE 5S40 it 134 5 F1
Gy A= A L A 22 e (H A B g B 4
By Wnt 5 PR R T8 B b 2 oo AH 20 M —
404k A R ELER B il 2506 Noteh /5
PR AEE R A A IR AN YRR T
R kS EEAEMUY, H TR Notch
i B% 2 5K R R AN BTG AL, ANp63 2K
- LG 4 I 5% S I 7+, Notch 3 [ 6B 18 4E 45
ANp63 7KF, Notchl, Notch2 #JFEIK-3E
U 248 v 2% 5 DT R A5 7K ST 358 1 240 L A AR AR AR
AU [HE Notch 3 -2 5 /K S5 i 41 i 1)
TEE ML 4346 53 4h Noteh {55 7EMR L
R F AR R TR AR 4004k, Notehl U3
HAGE TR R Lers FHPE RGN MY A 3 5
FRIR AT IR I 7 v R B Al 28 e i A i
MEL I Bz v 2% Fh 40 M s O 4 RE L A B Y
15 5 % W 2 0 R e W, o — D g (S
3 R AR ML B T A R T A A A Y
YEFRIBLED, X T 5E M | R i 8 52 15 2R Bl
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1 MRETE

1.1 #$
1.1.1 iz

T4 52 i JRAR (specific pathogen-free, SPF)
%%, 4-6 ALY C5TBL/6 /NI H i R gk
Y FL B A FR 2N 7, LgrS-EGFP-IRES-creERT2
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/NEU B Jackson Laboratory 72\ m), Krt5-
creERT2 /NI A Z A R A IR A |, LA
/I UL SR T IR 5 KA S B s W v o0 Y SPF 2]
YR E . ARWETE B S A i R (R B R
S S W) A8 PR Do i E 1 Sh W A8 B AR AT
FHOCHERAE , R R 2 S0 50 3 W) e AR 38 o A
TAEHZ LMt HES . TIAB04720101),
1.1.2 iR F

21 fifn e Rl 5% 9% 3 Advanced DMEM/F12
(Gibco), FEEIEFEHEEP A GlutaMAX™E I
M. 4-F2 L HEEIRE CBEFR . B27 JCIILYE U 7
(Gibco). N-Z ¥ MaEi . HHEREHERBW
(WHE, Gibeo). Rho HH &4 i 12 E I B 8 %
fiff (Rho-associated coiled-coil forming kinase,
ROCK)#Mil5] Y-27632 (%), DI 7 FpEEH
K7 /N FAEEY(07), 4 BMP il 5
DMHI1 (ApexBio). R-FHESH 1 (R-spondin-1)
HHAEH LR E G, REAERKRAT . K
41 4 0 ff = K A ¥ (basic fibroblast growth
factor, bFGF (PeproTech). 2-WMR-L-HiIA M fR

(2-phospho-L-ascorbic acid trisodium salt, PVC,
Sigma) . GSK-3A/B #ill il /| CHIR-99021 (F#

£). HfbEKIHF B (transforming growth
factor beta, TgfB) 4l #l 77l A8301 (P &K ).

Matrigel Matrix J&J5i 8 (R&D) . # [ R 2% o
%W DPBS (Corning). 41L& H & H (bovine
serum albumin, BSA, Sigma). JEZh¥) UM 24
i TrypLE (Gibco). RNA $2BURF| Trizol.

RNA 055 5300 & (G ERE) . qPCR 15 & (Gl
FEEM). iTag™ Universal SYBR® Green #iiE
4 Wi (Bio-Rad). Ck8 fiidi(Abcam). Ckl4
Z¥i(Proteintech) . P63 [ Pr(Santa Cruz), CkS
R PT (Abcam) . Tujl 2 $i (Biolgend) . c-Kit
4 5L PT (Cell signaling technology) . Donkey
anti-rabbit R488 . Donkey anti-rabbit RS555 |

Donkey anti-mouse R555 %¢)% " $i(Invitrogen) ,
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DAPI % {43 (ApexBio).
1.1.3 R FEEFEEFROEH

140 i BLrh 8% #2235 Advanced DMEM/F12
A 5% GlutaMAX™ZRNG . 5% 4-F2 23
WRIE LR . 10% B27 RMIEHRNF . 5% N-
LPEEIEERR . 0.5%XFT . 10% R-spondin-1 .
50 ng/mL EGF. 100 ng/mL bFGF. 100 pg/mL
PVC. 2 pmol/L DMHI1. 4 pmol/L CHIR-99021 .
0.5 umol/L A8301., 10 pmol/L Y27632, "5,
1.2 A&
1.2.1 BREFHDBIES

¥ 6 JE CS7TBL/6 /NS, Bk 2557,
P 8y ) A B S 21, 591 B Sk pi il
B3k, WOTSHE, 75 RMEE T LBRIEER . IF
W T J 0] Bl 2 40 A 380 4 T 0 Y IR L B 4
20, R B R B B IR A A 1T R A
TV b AT W 1R 52 vp 3R 15 W (phosphate buffered
saline, PBS)AIEFEILT, F B fsE T Bk JH i
ZANM, FEREIR T R AU B 2 4 mm /N
TR G T, OB I7 0L AP A4 2 U R 3 4 1,
HHEREESE.CE T, EiR 300 r/min
B0 3 min £ B, HBERRS b R A
gy, EE W, A 300 uL (AR IEE S 4
iy, BT 37 CH:FRAATIHAL 1 h, BF 20 min
XL HATRET . IHASE XA AT g, o
BRI MEAEAEETOECE D, Eik
7 000 r/min 0> 20 s FER LG, AR
YT EE, WER EP kT oA
AN 18x10° AN/mL, 548 Rl ik 2 0 3 fit
et 14 IRGYSE, B THG 48 fLikh,
37 CWFE 20 min (HHEERE, RFLINA 250 pL
Ui sE et FERE, T 37 CREFM i T 3%,
122 BREREBEHEK

i IR B SR WA IR b R R AT AR
£, H T ERIE 35 I AR A0 i A 7K - 32 RSB 40 ik R
TR E B O ELE O7 B3R e K,
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R g A Bk — P alifb B ROR . K REE 9-12 d
2R EILESR EP 4, %= 7 000 r/min
B 10 s J55 B, A 300 uL faE S
PEE AR, A IR E i, RE R
1 20-30 &, WITHBH R &AL HESR
W, CE 37 CHiFRAETIHAL 20 min, FEIHAL
JE A 700 pL PG R 22 o5k 3 VR W B TH 1k
W, F Countstar 205715041t
BT LA 107 A~/mL B %5 B BOW B 2, =
i 7 000 r/min &.0> 20 s, 5 Matrigel % 1:2 J&
G¥5)E, BTG 48 fL, 37 CHE
20 min LB, HUE A T8 28 AR T
Fro TEAMMIEEFRREE 1-2 KU Y27632,
1.2.3  THEUAE N REE5E K

BRI ERF 9-12 d, HATHEALEAR,
Fl Countstar 450G I8 BT, R
3, BRK 3 ALET,
1.24 HERARXRE

M 48 FLH HE 4 FL=4EERIA, 7 000 r/min
B0 10 s 53 B3, A 30 pL 1xPBS &
B, WHRTHEI A b, frale 2MEE S, N
A 4%Z P EER IR E E 30 min, 1xPBS W%
3K, AR5 min; IIAE A (0.1% Triton X-
100 . 5% I8 Wi Ay A1 4% BSA) T8 i £ M
1 h; JHYCARHS B (0.1% Triton X-100/0.1%
BSAMi B —Pi, 4 ClRELEIEHE; 1xPBS
VR 3 R, IR 5 ming FHPURRE RO (0.1%
Triton X-100/0.1% BSA)Fi B9t B (Fi B 1L
i 1:1 000), 20 puL/#H, HIEME 1 h;
1xPBS ¥ 3 ¥k, HIK 5 min; 1xPBS i B¢
DAPI (1:1 000), #I&EFE 5 min, 1xPBS ¥k
3K, BYK S ming $#% 20 pL AR INE R
B, KT IOCE R BT R A .
1.2.5 RNA 2EUK qRT-PCR #iI] mRNA 7k

FEAMuEs 3% 9-12 d J5H Trizol ILHREUE
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RNA, Jf# B SR & Ui, i i
AR5 cDNA, HEEH ) mRNA FKik7K-F-H)
FHl iTag™ Universal SYBR® Green #1R &S 4T
qRT-PCR K, 2 1 HFEHW K519 751,
1.2.6 HitFH*E

SPRAERRD 3 R, BilRgit sy
Mr FE L di/E2 R GraphPad Prism 7.0, 52
IR DA B bR 1 22 (X £5) R, Bdge il
FARBCXS ¢ K250 0 M kAT, P<0.05 W22 740
HEAGHFE L (ns: P>0.05 [RE LG H2F2

x1 KHRFARSIY

Table 1  Primers used in this study
Primer  Primer sequences (5'—3') Size
names (bp)

Gapdh : CGTGCCGCCTGGAGAAACCTG 21
R: GAGTGGGAGTTGCTGTTGAAGTCGC 25

: TCTGCCATCACCCCATCTGT 20
R: CCTCCGCCAGAACTGTAGGA 18

: AGCGGCAAGAGTGAGATTTCT 21
R: CCTCCAGGTTATTCTCCAGGG 21

: ACCCGCCAGTCTCCTACATC 20
R: GCATCTAGGCGCAGGGATTG 20

: GCAACCGGGTCAAGTTGGT 19
R: GTCGTTGGAGTAGTTGGGGG 20

: TCCGAGTAGAGAGCCTGAAGCA 22
R: CAGAACCACGTTCCAGTGATCG 22
R
R
R
R
F
R

F
krt5 F
F
F
F
F
p-tubulin F: CTCAGGGGCCTTTGGACATC 20
F
F
R
F
F
F

krtl4
lgrs
ascll

Omp

: CAGGCAGTCGCAGTTTTCAC 20
: TACTGCCCCGACCCTTACAT 20
: GCTGAGGAACTCGCTTGTCTG 21
: GTGATGCTCAGGTATCCATCCA 22
: CACAGTTCTCAAAGCACAGCG 21
: CTCCCCCAACAGTGTATTCAC 21
: TAGCCCGAAATCGCAAATCTT 21
: TGTCTACTCGGTCGGACTTCT 21
: GCTGCTACCTAGCTGACATGC 21
: CAGCCAGCGTCTATGCAGG 19
: CTTTCTCGGTCTGGATTCCAC 21
: CCTCGGGTCAGTTTGAGCTG 20
R: CCTTGAGGCACACTTTGAAGTA 22

trp63

icaml

c-kit

krt8

krtl8

Jagl
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5, *: P<0.05, **;

%5k, P<0.000 1),

2 EREQM

21 BREFBASBEREREEFR

R T ARSI R R E B A, &K
I8 e B 7R /N R e R, kL
F =R iR D, TN
KA E BB SR 4 F(EGF, BMP I %) 1 R-
Spondin-1), ATHAT T/NrFifit, DR
REAS DR F L I R A8 B e TR I . 198 S o3 Ak
PR AR IR I R A M 2 AL B 3R A . FRATT R
M, 4K N FaH5 EGF Il bFGF A F T8
LRI B FEULIEAE [, FRATEEE 2 A%
TRBGEREAREEMRG DG T, B
BMP {5538 H 0 #5% DMHL. Wnt {5538
FREGELE 7] CHIR-99021 . TGF-B 15518 f& 1
I AB301 M4t R C, TEXLEL/NrFF14:
KR FryIEEERNT, 408 0 PA-m i 40

P<0.01, ***. P<0.001,

Isolated olfactory epithelium

4—0.._

Mixed 80% matrigel
and 20% medium

Inoculated cells
at 30 000/ well

1 RERBADBEHE
Figure 1

TESE 2R R AP AETE T ok, 7R AR 55 19 26
9-12 d RGBS BRI 4 IAT, I HAZS 5e
CERCH BN, SEREIE AT MY —, HE 2 4
bR AR E AR AT LIAETE (] 2)
22 REFERESBHEREMME.
20 B FO AR 2% 5 48 42 T AF 40 Al

Fa JEAR TR AL S B AR A I L 1x10° 4~/mL
R AT BN, B 1 AOERE K 2N 9 K
Je A THA R SR I B e S e £

WE 3 Fias, A 07 RREEFRIIR [ 2k
v E R ML LR 3 A M A A R R AR
Y. M S (cytokeratin 5, CkS). ZHAEfA
I 14 (cytokeratin 14, Ck14)HI i & A
(tumor protein 63, P63)J& 7K F-IL i 41 g 1Y 4 5+
bR, B CkS. Ckl4. P63 FHIEIERELF
TEML B RV E T, WU RS E AT K
PELCFEAN A BIIIHE £ 1 (B-tubulin, Tujl)
PRAEIR R A oo, s g R
AR Tujl FAPESEREFTE TR bR E B b

[
— Rinsed with DPBS
Mashed the tissue

— &

_ —
i = P
o

Counting cells

gDigested with TrypLE

Method of olfactory epithelial tissue isolation. The tissue was rinsed 3 times with DPBS and

digested with TrypLE for 1.5 h. The organoids were cultured in a 37 C incubator and the culture medium

was changed every 3—4 days.
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& 2

REREF[ERK. 1502 ROBSFEENRS

Figure 2 Morphology and proliferative states of primary, 1st and 2nd generation of cultured olfactory

epithelial organoids. A: The images of primary organoids (P0) were taken under 4x and 10x magnification by
microscope on day 9. B: The images of first-generation (P1) and second-generation (P2) organoids were
taken on day 10 and 12, respectively. The images were taken by OLYMPUS 1X73 fluorescent microscopy
(4%, 10x) with a scale bar of 200 pm and 100 pm, respectively.

$EbRiC £ H (olfactory marker protein, Omp)J& i,
PR ITHIAREDPY, KA EPRA Omp B
PEFCRE R AFTE (S R R R), RIS MR
B RARE TR AP TR A M 4R
FH 8 (cytokeratin 8, Ck8)/& SC AY4ESFIEFRIC
Yy, R BRI KRG EAAAE Ck8 BIETT
B, WIS SRR E S LFNEAE; B
A IS N DL S0 M SR e R T AZ AR c-
Kit J2& 3K P % 40 g 3% 35 19 OC S 4F S P A i
Y, c-Kit BH P8 BRIE KL IS 240 M AL T 1 41 it 1)
MR M 2 TC R B BT, SR R O7 1k
REFMESELE o-Kit HEEREE, UilRE
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Ir B MR K 26 A B A 1 BROE 2 I A i A A
Mo sz, FRATIE A G DA I A B 3R
AR I R R AR L SRR A . SRR
I A SRR P 28 ST R A L 45 22 o 4 i
KA,

/N BRI P B IR L Bz ZH PP 77 A DA AR
F, KPR R AN M S AR AL K R R AR
MR AN, B SZF 20 M o3 A H K P 2R 20
B, 53— D BROE LR A0 M 3 A 15 BRIP4
fa A sE i 2eon, B RLEE 22 o0 o1k A Bk
|2 i U

Lgr5 BHAE: 4 e 01 fz mp ke 35 #H 20 i 70+
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AV E P, R TEfER RS E PR I LerS-EGFP-IRES-creERT2 /{45
T TOREY R SR TR TR JL 4 Me, 38 ROSA26-CAG-LSL-tdTomato /NP4 58 i 5

Merged

Merged
Merged
Merged

Merged

- - <

B3 GERAERFRBPIREFZERECSERFMM. HFHFMEFTRRAME THMEE
Figure 3 Immunofluorescence staining of 1st generation of cultured olfactory organoids. Horizontal basal-like
cells were labeled with Ck5 (green), Ck14 (red), and P63 (red). Globose basal-like cells were labeled with c-Kit
(red). Sustentacular-like cells were labeled with Ck8 (green). Neuron-like cells were labeled with Tujl (green),
and the whole cells were labeled with DAPI (blue) in olfactory epithelial organoids. The images were taken by
Thermo Fisher Scientific EVOS M7000 fluorescent microscopy (40x) with a scale bar of 75 um.
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BRI R, 2R ER, RAIEEFRMW
REREHDH Tujl BHYEREE Pl 2 AR 4l
Mk H Lgrs BAERERIE EERC 00,
W5 R IR 1224 e B ) B LA R 1 2Rk 22T
RAhZER (K 4y, [FIRF, 7ERGFR M8 B ke
gL E] tdTomato %)%5 LgrS-EGFP A5E4
HA, WX ERIET Lers T4, 2
TCE AR TR

h TR E B IR RS AR T SR A
VR TR IE A, FATHH KrtS-creERT2
/NP ROSA26-CAG-LSL-tdTomato /) il 2%
LHEAC R TIE BB g, 45 R R ATH
PIZEAS B SRR AR SR F T CkS B 7K
SR, X 5RA—8(A 4).
23 EBEEBERFHEPEERFERERN
e 1 ARG SE AT S 0

N ARG FAR R P& A Xk
aE e RETY R ) M A I sE ), FRATT A B
PR FRIR R P AT, HARA T ER R
NGO . JEAR TR DL R PR i A
15t

T L BERE J1, XK EGF . PVC .,
bFGF. CHIR-99021. R-spondin-1 J5 J5ift s
P ECE WD, R A S B R L B
wg, WirCRERE 1 Es, itk EGF. PVC.
bFGF. CHIR-99021 &k A FI T bz av®
TEREIE A 4% A8301, DMHI J5, JRACANE
ST D TR R AR e R S xR TE I
M225, Uil A8301, DMHI —ERLE A F
TR R R E R T 1 ARSRE, &
$i bFGF. A8301 Fl DMHI ol mosisl, %
W BT T2 88 B BT e RE ) DL R ARt AU
WV, B4 CHIR-99021 ek A /NI s/
T A FI TR EIE (K 5).

XPTIEGERE S, AR S S8R
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PREERE BRI S Bk b, R 07 Kigk
PR & A P -0 T I E RS AR A L Y
B FE A LT R (] 5)o

TR A, K 6 Bk, £ EGF.
PVC GRSV B HAR N 60-120 pm AYFERE
FLBI R EAR KT 180 pm 1) 5w fie L7 B @ 34t
24 bFGF J&, JPAUCESET EHAEKT 100 pm
sofE LB s/ K R-spondin-1 5, J5fC
KAE R HAR/NT 20 um O TERE OB R ;
24 CHIR J5, RAKESETEHA/NT 20 um
I TCRE LGN, EAEKT 40 um A9 5ERE H
R, wREEAH BN, i A8301,
DMHI J&5ZR48 B B2 G 0L 5 0 B JC I i 22
Wle EZ, O7 HEFRIRR By R FXF T
B AN T R ORI A R A T 2 o
24 EREEFRFUHZEFHHMERR
EE FTIEH M

R T ARFEIEFAR R P A R Rk
e B I A I B PR L RE (N LR
A R IF 3R AT S8 2 A I 45 2 4 A AH DA ok
WHERAKTFMRAE, d5RmE 7 PR,

BN T HBC MRS IEE
KV FRIBEM, 2 EGF, PVC. CHIR-
99021 FEr Ck5 BHME 5a R vy Lo A1) B S AKX
M, L4 EGF, PVC RE( Ck14 FHM:wERY L
) B FBEAL; L EGF. CHIR-99021 %
P63 FH M v B L ) B W R IR, UEBH EGF .
PVC. CHIR-99021 7EA[AEEE A FlFKF
B IV A L ) A 1 S 4 A

2R RAM SC AH AR W 7E 3 K- 1
FikTEM, 8 CHIR-99021. A8301 Ji 5%t
FEAH L Ck8 BHME: 5 [ B Lo 491 d 2 sk /b, 136
CHIR-99021 A F| T~ 7K ~F- 55 i A 20 i i 7705
BAFE DL R T KT 5 R A 40 i 1) S A 4
figrAk; A8301 A )T S HFAE 4L iy 434k
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10x 10x

100 um

Merged

100 pm| 100 pm

1 O(Tun 1 ()0_u111

B4 EREEFRAZLEMEAKIE

Figure 4 Lineage tracing indicates the origin of neuron-like cells, sustentacular-like cells, horizontal basal-
like cells, globose basal-like cells. Horizontal basal-like cells were labeled with Ck5 (green). Globose basal-
like cells were labeled with Lgr5 (green). Sustentacular-like cells were labeled with Ck8 (green). Neuron-like
cells were labeled with Tujl (green), and the whole cells were labeled with DAPI (blue) in olfactory
epithelial organoids. The images of immunofluorescence staining were taken by Thermo Fisher Scientific
EVOS M7000 fluorescent microscopy (40x, 20x) with a scale bar of 75 pm and 150 pum, respectively (the
three rows above). The images of lineage tracing were taken by OLYMPUS 1X73 fluorescent microscopy
(10x) with a scale bar of 100 pm.
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Figure 5 Effect of small molecules on colony formation ability and cell proliferation. A: The primary and
first generation of olfactory epithelial organoids were photographed on day 10 and day 12 under different
conditions. The images were taken by OLYMPUS IX73 fluorescent microscopy (4x) with a scale bar of
200 pm. B: The organoids were digested by TrypLE for 20 minutes and the number of single cells were
counted by Countstar. Number of colonies were calculated in 3 random images and the results were showed
with x=£s (n=3); ****: P<(0.000 1; ***: P<0.001; **: P<0.01; *: P<0.05; ns: P>0.05. C: The number of
primary clones under different conditions was counted by Image J software.
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Figure 7 Effect of individual factors on cell composition in organoids. A: Immunofluorescence staining of
1st generation of cultured olfactory organoids in different conditions. Horizontal basal-like cells were labeled
with Ck5 (green), Ckl14 (red), and P63 (green). Globose basal-like cells were labeled with c-Kit (red).
Sustentacular-like cells were labeled with Ck8 (green). Neuron-like cells were labeled with Tujl (red) in
olfactory epithelial organoids. B: Proportion of clones under different conditions. The images were taken by
Thermo Fisher Scientific EVOS M7000 fluorescent microscopy (10%, 20x) with a scale bar of 275 pm and
150 pum, respectively. The percentage of positive clones in different conditions was quantified by Image J
software. Calculate the positive clones under different conditions in 3 random images and the results were
showed with x+s (n=3); ****: P<0.000 1; ***: P<0.001; **: P<0.01; *: P<0.05; ns: P>0.05.
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Figure 8 Effect of individual factors on gene expression. Quantitative RT-PCR gene expression analysis of
HBC markers (krt5/krti14/trp63/icaml), GBC markers (Igr5/c-kit/ascll), SC markers (krt8/krt18/jagl) and OSN
markers (tujl/omp) in olfactory epithelium organoids. Relative expression of genes were normalized to gapdh.
Data were shown with x £s (n=3); ****: P<0.000 1; ***: P<0.001; **: P<0.01; *: P<0.05; ns: P>0.05.
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Figure 9 The pattern of cell fate regulation in olfactory epithelial organoids. GBC: Globose basal cells;
HBC: Horizontal basal cells; SC: Sustentacular cells; imOSN: Immature olfactory sensory neuron.
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