DOI: 10.11844/cjcb.2025.09.0016

o [E 40 i A2 ) 2% 244 Chinese Journal of Cell Biology 2025, 47(9): 2349-2360 CSTR: 32200.14.¢jcb.2025.09.0016

B, TR RFZRZMEFRMUAED RN ELR. AR THRLBEEHANE
BETRBEEANBEFHR. ARELITHRLF —PAPFRELETHE
FAGEEMELBE, L FHRBEANEMENEFFHRAMAGMIT R
RET2HWEH AR EENER . B HEHRKAENar Med. PNAS. Sci Adv H]
Tl £ & & T100R A58 o B 20214 8, J& 4 % % 4 Clarivateif J & # 5| &
o FIBEHBZ AN T202145 4] 3 b £ WA A RAE, B AR Ll
"R KB E FIOR

FH, EBAFEEREFRMAEN AL EREZ. EEARAPTRELET
BAFRIRERELSBERNEER, ETAIREXBERARER R E
ReGefu G Hl oy R oo fE £ B F o A+ F R, B K E K FRIFE K ELSCIKF i
XASR, A E—/FHEE—EHF R O2R, HET 425, &5 H4 5008 %K. £
FESLGERXAR/RFEELLN, 55 5 MEBRANTHERTES, A XS
B B &AL A4

IR R A TR A B S RS

R AT TR
(BEHERFEZ W 2B, 7 999077)

HE PR F R MR R AR T A M R E KR, A% 00 & A s AR R
F AR AL I F G W) AE T AL B PR, I EE ARG R T AT R T iy R £ BB HRK,
DIEFFEE. AEAMBRBREOMEFT ZBA L EREFHRFPAORMMER, B4l SME T
P dxFo Z YEIE AR, PR 8 K BB RS S B AR P R 8 AR IR R At oM R AR T B, EL AR AL T AT

7 9% #-(SARS-CoV-2).
WHFRR, BT T s

¥ AR A F(AV). "R 8 Ak FH(RSV) A& #% - CA! (HRV-C) ) & 2
T RARG IR B E RN B AERIR M Tk . BN, LF

BRI T KRB EAREA A RP MR AR F QPEF LT A
KA PPIRIESR AR TR G

ke H H: 2025-06-17 $52 H#1: 2025-07-18

rh e N R R R 30 7 [ 5K RO R T RIS 2021YFC0866100) i HEAF AT I IX BURF 1 AF B Y 42 11l & U (L #E 5 CID-HKU1-3) &%t
TSR BRI 7S LRI (kv 5 COVID1903010-T0 E 1), A s 5 AT EUX BUR QI BT RHY E (1 Health@InnoHKIN B « A i 5 AT X BURIF 78 ¥ B J&)
O — MEE T S (EME 52 17105420+ 17113724) A KA VERF A S (FLHE S C7042-21G) % Bh iR E

MEIGIEE . Tel: 00852-22552584, E-mail: jiezhou@hku.hk; Tel: 00852-22552576, E-mail: licun@hku.hk

Received: June 17, 2025 Accepted: July 18, 2025

This work was supported by the National Key R&D Program of Ministry of Science and Technology, PR China (Grant No.2021YFC0866100); the
Commissioned Program for Control of Infectious Diseases (Grant No.CID-HKU1-3), and the Commissioned Research on the Novel Coronavirus Disease (Grant
No.COVID1903010-project 11) of the Food and Health Bureau of the HKSAR Government; the Health@InnoHK, Innovation and Technology Commission,
of the HKSAR Government; the General Research Fund (Grant No.17105420, 17113724), and the Collaborative Research Fund (Grant No.C7042-21G) of the
Research Grants Council of HKSAR Government

*Corresponding authors. Tel: +852-22552584, E-mail: jiezhou@hku.hk; Tel: +852-22552576, E-mail: licun@hku.hk


https://cstr.cn/32200.14.cjcb.2025.09.0016

2350 LR KB EAEE A RE MR I N SR

Respiratory Organoids and Organoid-Based Investigations of Respiratory Viruses

WAN Zhixin, ZHOU Jie*, LI Cun*
(Li Ka Shing Faculty of Medicine, the University of Hong Kong, Hong Kong 999077, China)

Abstract

tional cell lines and animal models exhibit limitations in simulating infection mechanisms and drug evaluation. This

Respiratory viral infectious diseases pose a significant threat to global public health, yet tradi-

review systematically elaborates on adult stem cell-derived respiratory organoids, including the establishment of
nasal, airway, and alveolar organoids, as well as their groundbreaking applications in virus research. Respiratory
organoids, established through three-dimensional culture and cocktail medium supplemented with niche factors, ad-
equately recapitulate the cellular composition and most functions of the respiratory epithelium. They have been suc-
cessfully applied to investigate the infection and pathogenesis of SARS-CoV-2, influenza viruses, RSV (respiratory
syncytial virus), and HRV-C (human rhinovirus C), which have revealed the transmission potential of viral variants,

host immune response, and the application for antiviral screening of antiviral agents. This review also discusses the

challenges and prospects of using organoids to study infectious diseases.

Keywords

2140 9], — RIHR N & LB A4t
ST E RS WEEE. RIS R
I3 75 LA ST 7 9 75 (SARS-CoV-2) I H L, & 138
RAE G b AR AL PAAK RV IR 0 XL
B R A B 1A AR, ) k& it
FdE RSB P A T IR . NGB RR T 5K
IERZ SR 2 ERAER RS, N JEARAE RO T /T
BT AT B FIRES , 85 m 1 B 9 3 1 H AT
B, RPHEMINR, Pk i i . RRe R AL
1L 2 H 25 7&K B BT AR 3 51 5 S R R IS AE
R HL A N R B T B PR 00 B IAT KU 10
TR XTI — H 28 2 UR ) A R 3k T AR, Bl Stk
TSI EREHE . WA AMRE IR R, A
B Gl B PSR A ) IR S

H20tH WA, i R — B iz 1R s
FEABIFT ) T W 3X AL G g 55 744 & R L4
REE G GV RIFH SO A S, 1h%%
TR BRI R R R AL . SR1, H i) 2l
R4 R K2 4l 7k AR A AN I Bl AR R 4L, IX B
DAl it B ARSI T At R R AR AR 3%, (R ATAT A
BEE Jo Rk (5 5 e 3 o S OB A B T RE IR R
Y R 5 N IEE A [RAATE R A 2 5, TTRES:
BOR AR R A E N R . IR
B, 1K OIS R RAS 2 S BUR B L AR S5 AR
FERB R L) R 80 )1 BN T R AR B R . e

respiratory organoids; virus; infection

P 3 R AR BRI BE AR AN BE 58 4 A QR I PR 0 B A 14
RFIE, T2 R FU 48 R AR, IR 5 H R
FALOME . R R KRR, BHASCRE R
P BN AR S5 AR . SRR AT BLELFZ A
JRFFMINARA R AT, IriE T E R A PRSI
MR, RERS BE LS SR R R R T A
SRR ORI, SRR A B th T I e, v
IR R IWEASRBORIERGR , Ak Shy e Re A
B, SRS PR R I A 20 7 AR SRRk AR A R

KI5 58 s s 2 Oy W 9 2 ) it
BRI AL B 2R FUSR O 1 AN AT Bk K 5, Rl
A BRIGUR 25 25970 (10 1 PR AT VA h R 45 G B
PER U BAT 5 NS AR oA BRI ) S P Y
ez T O R PE SR AR L. i, &
SH PR L PR TE AR A G S A R 22 B S N SR E A
L, AL BT FUIL IR B AL AR (1 — D ERARB AL 12,
SRT, W RE 15 1 AR 2RI MI SN A AR AL, T
o o TR e 88 725 14 22 S 1 Bl W A R el LA ok i
BUNSRESA [ B S GRFALL B B A AR AL 1,
i SRR A, T 2RISR ZRA W
i SRR SR U, AE SR AR S AR R b T RN S B
FUAEAT 7 EREAT 2 500 Rl N TR AR X —id
FEF] RE2 - 25 7 AR TG PR R AR, HE T 32 B 4
TAREAR )R BEE M) 2 RS 1, R HI 95 5 A\ S0
(AR SR T ARl PR J (U7, Dy RERS iRk,



3 RE A WPIRIE SR A AR T I IROE SR B O AT A

2351

BHEN BIF R T 3 N B AR S PR AL, @i 5
NN HE SZ RB n e  OCSE IR, BB 4R T T A
o Rl R 95 2 (4 B B, AT T DAL SRR A
A Gy LR o AR, X LR E B A 5 B L
FEITFE A7, X PR 7 AR KB 70 () R A 121,
ST G S IR MR E RO N S B M 7 T
TPAE R RPRPE , TT R S e b I REAS S IR IR 7 75
FRREE S o B 2 G 8 SRR 1) AR B DB, f
FIRNMENTIR BRI . BOmbL DR 18 32
MEAER, MR ZH AT R A E S . K
% F (organoid) (R 3 A2 N A 2A I R SNE, MUt
FIIF 79 JE A0 E 2 AH BLAE A SR & T2
AL IR FE T I A= 40 305 9%, 7538 M KN
TAERR, EATT DL K I H IR 2 iR L 28 B 4
MITREENR , WK R E . IR SR B BB T R A4
UG RR. SHRMThREREME , JEFE RIS 4
B R R R T L DRURN R A AR s 1 22,
248 B AT LR A £ 68 T-41 i (pluripotent stem cell,
PSC), FFE IR T-4H A2 (embryonic stem cell, ESC)H1i5
T2 A T4 (induced pluripotent stem cell, iPSC),
WA LISRYET A T4 B (adult stem cell, ASC). PSC
TR A B R 120 R = AR 1), REANBY BT
AN R E AR R T, LA SR H R g
RS AT K, 1K — i R REFER A B R BAR
SR B2, CLEVERS#H% 141 B\ PI7E 20094F 5 (X #ikIE [
LGRS A i etk T 40 (bR B4, IR 728 — A
ASCHRIFHI A28 e . ASCHRIF ATy 2 il o 1
PLRAA 20 2 B8 % By r 2 4 B 40 1 4 4 3 %
BB R E . 5PSCHREEMEIL, ASCL
B RS A TS B, 73 ASCRAR B TELE
FNThe b5 EL AR A DG O, T & A B S5 1
FEAE F 78 BATTI AR FH 4SR5 1 Bl AT
YA ST T BB, AT BT i o e B N3
RN bR R2Ras B IR R U 1), KA A2k
IR I8 b 7 7 S8 5 Hh v kR Hh B AR AN 1 . X
— BB A IR I T 2R 25 B RS 7R R G AE R SRR
ORI TSR PUR EE IR T SR I R B E

1 MFRERBENEISHEST
NS ph R RS 128 B B (9 R
i R R b LA T b S (5

AT RERR AP ) B2 RG0S RUE IA0E, B YRR
(L B A (PB4 ARG ClubZm i Akt
JRANAE)H R XL ILRIVER, TERL T — A AL
T BE R, REETERR R R RIERIRE. 5
ISR, N I 2 A AT 4 i) J AR B, i b
FE T _E R (alveolar type 1 cell, AT1)
4 B AN ST T B T _E 7 (alveolar type 2 cell,
AT2) 40 A e o AT 140 M AE A S8 #4556 O
BAEH, Hom-FREEA B TR E Y 8.
AT 248 i ) e 328 i s A IR 2 3 oAb T ok, = 24T g
R R IE T BT, CART (I kG . Ak,
AT2 20 {3 B 0% U 15 v N oK 7, FF B & il
AT V4RI RE J7, AT AE I v i 4% 52 80 7 A 3o o
RIEEEAE P, X P 2% 1 A0 S A AN D e 44k
TER 1 I 2R 48 1) IE A8 AR AN B AR A Hie
1.1 SELFENLE

AT BT BA A A A} 272 2R AN 8] A2 38 A7 PR 1
(niche factor)FIAEK K7, BIhMNF ARG G K F 1
NI 2H RIS HE VIR AR 257 1 ASCRIE I
RAEE P, M 2 ST 2R 98 B nT LLE SR AR e
FERY G —F L E, I UR A R —FE T R
RURIRAZ P03 KR B R R E , PR
HORT DL E AT A RCERR B A ) A R A A A B
R A2 2547 K F-Noggin FlIR -spondin, F I ANotchfF
5 I B HNHIH DAPT, w DA 3E 2848 B (13 3 734K o
FEIT v o3 A AR R, SR A B B £F B A M ) B 2
PG, R TR A A Dy Re B AR
BRI BB, FONRIERSEE (B )P, RIERSE
A5 VYRR AL E bR 4i i . 2T B4 (ciliated
cell). HRIR4HME (goblet cell). Club4Hfit(Club cell)Fl
FE AN B (basal cell). £F B4 it 4 4 $F HE
O LA (i REVRE B, A DR IR IRE PRV v A
FR o PRI A HUBE R, R AT P 4 it
TEESCRE . Clubdi o fE o y% By 8 k4535 G HEAE
R, EATIE 7 W h 2 B 1 CCLOK U 1 G g% [
FdE I A MR GBS . A, JER A
BA BREHRE S, A s Fhan s 2y, i
& bR A A R B R AE A 50, S PR L 1) 2
RN T R 1 52 28 MR AR A9 < SR 48 B BRI 7T R IRE
PR IV CA S A AR BB T AL
1.2 fhiBAIEERME

AT B FH 45 47 388 1 77 1) it 2H 2K R )



2352 LR KB EAEE A RE MR I N SR

Long-term Differentiation

expansion & maturation Bright field Confocal

S A A Nasal
— organoids

Respiratory
organoids /

i)
\_\, ' ‘//
@) 8 | ———r
/[ \ B Airway
organoids

" 20 um

C Alveolar
organoids

Ar P EART N 8 R U B b M, W] et v A R . IR N S A B RE NS AT K I SR R I
11 SRR A B AT LB 2D RIBD AU AR, SRAF A B R BRER B o B C: AL ZURIE M4 & FIRE B A TR A2 B R 32 A R ORAE I BE 0
PSS HRENS S S XA b BT L, AT ASRAHEAI SRS BB S MDD R U4 B (B). Hl, D4 7 E8452D. 3DIA
P RI3D [ S A ) = 0 S8 B RROA, IR SR R] LIOGRR & ) T & A sl it o BEAL, I SURIR (1588 B et iy 73 A6 TR LA il
M LI 2 E (O)

A: nasal organoids can be established with high efficiency from nasal epithelial cells collected from the inferior turbinate of healthy donors using a

flocked swab. The derived nasal organoids are long-term expandable and can be differentiated to generate 2D and 3D mature nasal organoids that faith-
fully simulate the nasal epithelium. B,C: organoids can also be generated from lung tissue. The lung tissue-derived organoids can be expanded long-
term and further differentiated to yield mature airway organoids, which can faithfully simulate human airway epithelium (B). Three types of airway
organoids have been developed, including 2D, 3D apical-in, and 3D apical-out, which can be flexibly applied to various experimental designs. Addition-
ally, lung tissue-derived organoids can also be induced to undergo distal differentiation (C) to alveolar organoids that mimic human alveolar epithelium.
Bl AMEIRERRE REHE ISR (RIESE 3CHK29-32]1820)
Fig.1 Schematic diagram of the derivation, expansion, and differentiation of human respiratory organoids
(modified from the references [29-32])
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WT B.1.1.529 BAS

ACCTUB+NP

Merge

20 pm

o3 o] SR STE S 4 20 G SARS-CoV-2 WT. B.1.1.529FNBA.57 # 5 405 FH W ] € Ab 3, I AT S e 9 6 4. SARS-CoV-2Jp BENPE
EHEARIC ARG, 2T B0 MRE bR 10 216, A PRAZ AN 20 A IS 00 23 Al Bl b i oA i R
Apical-out airway organoids were infected with SARS-CoV-2 WT, B.1.1.529, and BA.S5 viruses, respectively. The infected organoids were fixed and

applied to immunofluorescence. SARS-CoV-2 NP protein was labeled in green, the ciliated cell was labeled red, and nuclei and cell membranes were

labeled blue and white, respectively.

E2 #EmEB.1.1.529FBASERKAETREIINISELREPTEBESHBRERIRESE THE 321120
Fig.2 SARS-CoV-2 B.1.1.529 and BA.5 showed high infection efficiency in the 3D apical-out airway organoids
(modified from the reference [32])
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growth factor 1 receptor, IGF1R)Z [8] (A H.AE FH RE 6%
PSS A ¥ C zeta(protein kinase C zeta, PKCC), 11
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days post-infection. The viral load in the culture medium was detected by RT-qPCR technology.
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Fig.3 HRV-C positive clinical specimens showed high infectivity to airway organoids (modified from the reference [63])
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