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Abstract

As three-dimensional microtissue models constructed in vitro, organoids demonstrate significant
value in organ development research, disease modeling, and drug screening, with their construc-
tion highly dependent on biomimetic culture matrices. Traditional animal-derived matrix materials,
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due to unclear composition, significant batch variations, and difficulties in regulating physicochem-
ical properties, have limited the reproducibility and engineering applications of organoid systems.
Hyaluronic acid (HA), as a crucial component of natural extracellular matrices, exhibits excellent
biocompatibility, modifiability, and mechanical tunability, providing novel insights for constructing
defined and controllable organoid culture systems. In recent years, HA hydrogels fabricated through
physical, chemical, and biological crosslinking strategies have been widely applied in tumor, intes-
tinal, hepatic, neural, and tissue repair-related organoid models. Relevant studies indicate that this
type of hydrogel not only supports the self-organization, growth stability, and functional maturation
of organoids, but also serves as an active matrix signaling molecule. Through interactions with cell
surface receptors, it participates in critical biological processes such as inflammation regulation,
stem cell maintenance, and angiogenesis. This article systematically reviews the preparation meth-
ods and material properties of HA hydrogels, focuses on summarizing their application progress in
various organoid cultures, and outlines key challenges and future directions, offering references
for developing highly biomimetic, reproducible, and translational potential organoid culture sys-
tems.
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1. 5|8

48 B (Organoid) Fi AR [ P HES) TR SN ay B2 0 75 N e i 1% 77 ) = 4 B 2 H U R i AR
AT AL R 2, KBS EARFET4M B W AE [m) 7 AL RE DT, ATEEARSN B U R AT =44
FAIES B R e M D RE AR 2H 2 o 12 2R IR R A B S SIZMIABESOL AR N 2 B IO 4B O ZEL ke = R 45 ) B R B A
HIRe, CESBERBVIIT. PO @M 259k S5 U8 202 R H[1] [2]. 28T, R ERMEEE
WA T AN R TR AL, BN AR A R B e T R T T R . SE MR E 1t A Dy e i

KB AL o DR HG v FEE 7K B = 4 S8 B I 28 R (R 7 R AR D AH A 1, 482 T T S4B R SR 4 i Ak 5 o
(Extracellular matrix, ECM), A4HMERIREF . A B AHSUR LA E 3 H#(3]. HHT, Matrigel 55 R IAHE T
2 KA BT R I SCEMRL, (BHCRIERE 2% B AR Rk 7 B2 DL S Re X LUKS
MR SR, PRSI T RS E MR E R M PRAEC I R EL AT 4] DRIBE, TR ZH R A
PERE AT % B i BT AR ) B AR 2 28 B A58 A 75 i 1 1Y) DG St )

1% W i R (hyaluronic acid, HA)& K48 ECM N EEA ks, 2 AR ) 2 A E, BFERRNE
VIABAEVER = BEORSF [ 20 T 45100, (RN R8 . 3G 5E A A i B b R HE B B E I (5] [6]. 25T HA 14
B KB BEAMYAE A 22 2 il b IR RN R, I VT 18 22 F S BRI AL A AE A g, SB ) 5
e PRARAT 9 S DI REACRE FE RG2S, WIS 38 B SR A S I w] 4% A R] 5 il i) = 4R 7 SO 48 (7] IE4F
K, HA KER CEZFRB ERRTRBRRENA, Bt BARERRAE . HEshKE TR TR
IR AEAL 038 77 FET Ik, ARSCHIGE HA JKEER AR £ S 0g & HAE KA B A b i) SR it e gk AT
RALFR, BAUSGEARIZR MBI LA RSB T RN, FHX YA iR S5 Rk &
JEJT AT R, DU NSO T E AT ARG SR 8 B B R R AR T B A 25
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2. i RA BRER7K BB AT B & 75 R B A

HA T EHE N S H RN R TR e A M R A R 0 R vy AR E P BT JAE
WA, CEON TR AH &84t 5T HA 7> T L EERRE. RELZ M BMmALA, FTF
AT I AN (R AT TE SR I A 1 23 M R B T ) 7K B A D 4%, AT DA R AU 20 /I i 2 {4 B 22 (R e il
DU, HA KB ) 26 77 30 E OB Bk . A2 SR AE A IR = K28, AN [ SRS A ) 27 1k
E~ AeE PEANAE AR A 177 45 B R

2.1. ¥IEB3ZER

RS IRAR A AR SEAN A LA FH (U S0 L A LA RO 2R 8 T C L) A g = P 2%, AT 1l 46 2% AR A
AR SRR AR IL S . B HA 2 78E S Hofb e o T B E A, AT R R AL S B
HUKEEE, BIAna w781 HA 58 4E R PR 4 (M S BAE], M T alES . TR R
HIKBER AR 2R, SR T HAEBH SR Te R 7). i Ul HA BT S5 5 &0 7
SRAKARL I LI S T B 4, HISGHE TERIAL0], %K AE DREF R AT S M R AR A R, T o2
T BRI LA S ME R . &) B 7 AL AS I — D IOk T B A& AR E P, A 2 R B HA
5@ & T REC AL 10], 25 iR i E ARk, M TS AT B T R Dh RE I R KB,
ThEEAmEE. BRTE, DB HA KGR RS AN S 2 N5 T B AT %, (B350
ARSI E VEA IS A IR

2.2, LEE3ZEL

WEECBE I B HA 2 TRER AGERE, B 5T KB /) 22 sm FEMEE M RG e 1, 2 H AT
FIEONT Z H5RS o W WITREAREAC . il s R A Sk & . AR ST Fe it 51 N FF 3 7 A7 I
B, RIRRIE BCHA S SRR, SEBL T HA JKEEREFRE . WIRE K A R0 A RS R = . filn, AT
FULI MR T R IE TR RE ( HA KB AR R, FF R 51 T B OB G54 s AT ik e[ 1235 2
SN 7 BB R RRBRK R, T T RS IE ML SIRIE R . [ERERNE, T H%
PIEEE HA AEERKEUR O T NG BERE BB 95 I 5 U R B LR 9 L[ 13], RGHR T
BRI RS T A IS R R, D AR ACIER HA KBERAE RS BT S P AR (. 2R
s ST IFAEAE T BA AN G AR, TR A0S A A ) TR AS AT 5 T

2.3. 3 E

W AZ TR SRS SR VA E i PR AR AR (R 2R A R ARSI M 4%, e H AR A O RR . I BRI 4
Wl - FURE A AR SR AL SN 14], FIEIRAISR P T SEEL HA 2 TR 3L pade 4, St 2R PR A4 i
FIFPE. AR5 HA 525 EH . BRMSERA S 746, BB e s B R R M 775
PERERTR L MR T P2 AR B AR 2R, FFIOIE 1 A2 2 TR AN s 57 b B G Itk o B 20 BF 981 61384
AEMREE T A BO SRR IS AT S s AR A L TR R ) =4O A KR, TR TN
JEIERE . IR AT . KT, AEVISCER HA JKERAE L WA 2 AN 05 AR PS5 2 U T
A aENY, (AR AR e A Rt — b it

3. B RBRK R RE X R EIEFFHNA

ReEsERTAM. AR B A e =43 8 b B U i 45K, ATk A B 21 H
pres B RS RES S AR IIRE, CRONRINER . 29W0HE SR HER AT LRI 0T 6 o BEFREEFUN 6
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SRS ECEE, HIRRAEAREHA R LIIRER . BT B HRERKIIESE
TR, HA FEKBERR oo Bfh . BRALIERE vl H RO R A A B AP S0 AL e, 72 2 R s B RE 7R o
JEBLH R

3.1. EXRE

IR 288 s B NS B IR I BT A 0 2 TR S O O AR RE DB T R . HA AR N 2 AR A 4
W RSN Uy, AT AR AR SRS AL D P R ) 4R IR SO, A AL R 414
1702 R U S B BURFAE . AR TR, BT HA KB A2 1677 sURIIBE,  mT st B il JL A
iR 1 AR IR AR R e B, JE TR AN-HA A /KB B R L TR IR HA XU 48 7K B 1 2 1Y)
JERME (17 MR SRR B (18], AMUAETE S M KR BRI RAFRRENE, BRI TR S 25 Uk
PEVPAS S N IR BB B0 IE o SX A FE L [FE A, HA FE /KB g e 2K 28 B R A o A K BRI E 254
lipritic A IR E T F=Ri0p S S

3.2. A EERAEASBIE

FERRR B SV RO B B B R A R rh, BRSO R I s e S M SO R
PORH Ak B AT P2 PR 45 2 TR o HA 7K IR0 Wl e 3L 2Bk s A B M 2 Bl 5 RAR w7 TR &
SR S AR R . CAEBIAAA B2 R HA /KEUR AL i 52 R4 B A K451
TR, IFAE SR R B AL T R OB B R AR RO MRS BT AU [20], HA JEKEEHR
A T A S T A B R R A P = R AU, A 22 R s M SRR AR B R B0 IE 1 O B R
SRR X TAERM, HA KERAAIBEERE T HAIOREIRA, ERLMEHLIL R R
MEETHRER.

33. BESHIEESE

P AT HE SIS 4% B 00 8 o ) P B SR A A A5 5 vt PEBRURR . TR, R0 ) 2 0 e it/ 28 L T 3
RETA bR it R 5 A AR RE DR 1S R S TR A R A (21 R, FLAR B LIS I 1 DU e 5 e
AR 1052 4 LA 40 i 141 B 28 e 4 ) 25 8] A, 30— D A9 SRE8 B RO S G R [22]. 2T HA %€
VTR BB AR R TAE R R NI BE . R S0AT 9 S A B R B BC A VR B2, AT B ARSI BE I, SRR
B 285 B IR I8 5 040 [23]. AERPIESRES BT [24], HA JKELE MRS AT A I B B A
BT REUA T AL S A5, AT (2 S8 JEF A 240 6 1 B e P TP 4 AR 2 20 Ak o A SR IF T AMY
WAIE T RAS E AU AR R A A B R ThaE FRORAE, WInfE T HA /KB AEZIR AN 25 M)t 7E Hh i)
JS2 I 7 o

34. Rt AHEE

W LaRZ AR 241, HA AKEBERAEM 2 R G5 R R B rhR R L R A IEIC P . oy PR A2
ARG ANAMER I A R [25], HA 8w & /KA ) R e O I S 28 B . R A8 B S M
R ARG IR KB AR MG A R 26] [27]. ZIREFLRM], 36T HA 96 BRI A BRI AT S RF £l AR 4
N R 28 B A I = 2R K (28], JRAEALAIERE P 4E DT L T Matrigel. UB4h, HA
TN MRS AR AT AR &8 B 00 SIVERE TR R P [29], FH THRTMER — B . Bk E, R
& HA KEUIAE IR 7> A2 S A5 B P RIS AL TR R B B, B HAERPRL AR AN K b e AL 7 T A0
L2 TRRE SRR
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4. ERRBRNESBEDREREERFENFEDNER

R TE T, HA TESREE T 5714 2 BB 2 W AR Ak = g 45 W SCHE R ) S R I R R . 8T, i
FERETFOEETARE], HA JFIE RV ISR, [EI 2 —Fh B AEYETER) ECM {5 570 1. HA
T 'R/ 2 2 7 DL R FEARIRAS, YT B 3 5 40 i A7 N A4 2URR A5 [30]. 5 CD44,
RHAMM J TLR2/4 52 BAEFH, HA B8 HH:S 5 SO 5 S R BT« T4l gE kR & b frig 4%
i, DAR ML A RN e T VB A I FR (3 1] [32]. 7ERBEEA R T, XLl HA N2 01E 5 RE 5 SRR
BEYIMG, B8 w RISt Thag sAFE B 00 2490 98 E 38 i B ARRAE . R,
MRS RS 5 40 T A R G HE B B BRI A Ve, ST B 8 B O B R 42 Lk B Ay
BB H A S (A AR Y B L .

4.1. EAARBERIES R AN R AT RHER

HA 7E 280 5 %% i b i E B B0 7 FEAOBME . 8% I8, @078 HA AT 4 R4 4
FRAS AN B 2ORE RS, ARG . EANEE MR A 5, HA GBI TR B, X
KRB NNEE GRS S, 55 KRR T FRE Ik S 2 40 i v Jm R 55 45 [33]. MLAIWE 7R, HA
B AP B WS TLR2/4 SRR A 21K, B3 NF-«xB 24 8 JSRE(S 5@ 1, AT fe b SR 4 i
AE R B0E SiE R B[34]. A, CD44 1F8 HA MEZEZ4K, 76 HA Ral. WHELEREfEH
RAIEREAEH, F S5 R0 RN 520k, HRRThRE 240 i SR R oA SR 2 fe i 2 B
BEARIAME35]. BT FkdetE, 7EMREE Bk ARSI HA B 5 A E 2N AME. @1 HA
(> F R AR R RSN 1%, H4E 6 e A BB FR BT T (AL S48 B8, ] 7E A4 4 BE B8
A R A DG SO A IR, AT 4 1 ) S B VR T B 98 AH DR 240 S B VA () A BEAH DG PE[36] [37]

4.2. ERARBRE T A4S S iz R R e

HA J& ECM SR I SR ME T4 4ERR 5 ariz MR P R EEAE R . HA AMOY T4 f 4t
P58 B = AEROA B S 4, el IS 2 FE SR R 4 M R # ERAES . B9TERE O KT Al . AE TR
HReJ7H, HA A B TR MY R AE K, R # BARES, b2 SR, KGR &0
NORFET bR SV RIE AR . A IIKER A R T GEE IR R A RE, 1 s 20 A7 iE % (38].
fEamiziiiEZ, HA FEEL S CD44 fl RHAMM 252K RS 540, BT . B AAENE,
Frsm 5 EHTRE J1[39] [40]. CD44 AU T4HMH FbrEY, EAESEETE, 25 Wntp-
catenin. Hippo-YAP/TAZ S5 BB B+, sz TP 4ERe f ik [41]. Ib4h, Notch 555 CD44
TETPELERE S 24 W 45 Hh At o] BeAEAE P [ 0C R [42]. Rk, ERBERGFREERF, K HA R4 /)
SR RV REE SHCE, AT IR T A dr g L], I 9 oR S48 B i 2500 Fe 4R 4t
HESCHE

4.3. EARBRENEERSERELRFHER

HA 7E M8 AR e BOAE L BAT B v Bt . BIFFE ], HA R4 N B 7 A B 8 K S0
B 7T BOAT B SR AR LA A G, T SE BER 7 HA JFAS— 52 B A RO [38]. 7EAR /K
b, HA SEREAR Y T8 HA RENSt N I ARIRERS S 190, JFB0E 5 M8 A AR SR BM5E 5 Sk, AT
SRS T B AR IE L R [43]0 IX— AR SR8 B AT 7 By B R s JRAUKE HA K BERAL
NTEVESCIR, AT BE 2 R AR F g A Sz AR AR R S AR S S . L2, Rl da By
PERT HA KBRS, BRAENS 1522 238/F HA Bk &, ATERMRONE A R R T I OL T, AN
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Y1 A B AL 40 P BRI B PR N R R W - AR R AR RIS SR EE[44]. #E—2P HA JKEE
5 AT BN R R R R &5 G, IAER —F & iR B =4S i @EEm st g, B
K2 HER S B Y) 210 B ), A Bh T HESh U A0 S S B R 2440 07 34 R R P 5 B A R ) BB AL
N FH 457,

5. REERE

HA KB A I 5 RIRGA AN o e EAR AL 70 T 2R DIE 57 0 A 0 2542k DA R vl G Al A 4 f 2
EPERE, CRONITEERIEES B R R U 46 32 ORTE DD RESC A RL . BUAWEFER W], T8I 2 FEAL A 2SR
SINREAL TG, HA KBTI AERRE . il BT Fha e HAUB M A B rh e fithe g HoTz i) =4k
BRI SRR A A B 1 A AL AT RERIE, AL REE EoRAh ARG IREE R
FE RS> AT EVE R ML T AN A2, T HESN A B G R K & 1 5 SUI AN TREAL T e K fig o AR,
HA JKEBERAESE A B N e 22 77 T ph i, AR SR R b bR ) 2 A8 1k 55 PR AT 9 O T 4%
AL, ARHBESHSEHRSEWESRESR, UL E RS E RPN BETIAFRILRE /11
AR BAh, PEHR &R ARG —, el R R & KGR A R T, XL e —
SEREIE L2 1 Heidk— 0 OFRAEAL N PRI R E AT 7

RK, HA TKERIAE SR B B AR AR G = B RLREE . T4 A7 5 W) TR BOR IR
FERR X o AEMBIHRE, T2 AR AR R N A HA KB AR &, DA s
FERIRE IR T IS MR E M BT BTRIZRE ), R R R, A0 ZEE IR EL IR R 5 5
KA H RN, RGN KBS A (7)1 8 ST T SR ) 5 3888 B L AR K B BE AR
JEZ IR OCIERUARE, SRTHI AU R P SR S el L. AR S R 5 TH, HA KB 50 & AT
EPEE TAEAL ORI R &, sl E ., WSS E R R 5 ML G4t 7 HENE:
WiiE R G SEIE RIS . AW B R KA B S BN RSB AT, SCREIFAT L5 TR L -5 B A i 2 7 s
PEMIFT ENSOR A B 1 SELSRAS B AL O AR AL A i S R 2, O B S AL SR — Skl .
RIS, BEE HA KRR R TRESNE A B SR B A AR SR, HAT B
PIAERE S ERIm AR R (1 3 as B R OCHE SR AR I, 29T e SRS v BT R (A mT S i) = 4
AR AR

SE
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