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Chemically Defined Hydrogels: the Key Biomimetic Matrix
for Standardizing and Translating Organoid Technologies

ZHOU Yao", GAO Yisheng”, FENG Ziling”, ZHANG Kunyu*, BIAN Liming*
(School of Biomedical Sciences and Engineering, South China University of Technology, Guangzhou 511442, China)

Abstract

nizing capacity and cellular heterogeneity, have emerged as powerful platforms for developmental biology, disease

Organoids, three-dimensional multicellular mini-tissues derived from stem cells with self-orga-

modeling, drug screening, and regenerative medicine. The successful formation and long-term maintenance of or-
ganoids are critically dependent on the surrounding microenvironment, in which three-dimensional scaffold materi-
als play essential roles in supporting structural integrity, regulating cell behavior, and mediating signal transduction.
While natural matrices such as Matrigel remain widely used, their undefined composition and significant batch-to-
batch variability severely limit the reproducibility, controllability, and clinical translation of organoid-based technol-
ogies. In recent years, chemically defined synthetic hydrogels have gained attention as promising alternatives due
to their tunable properties, biocompatibility, and functional versatility. This review summarizes representative types
of chemically defined hydrogels applied in organoid culture, including synthetic and semi-synthetic systems based
on polyethylene glycol, gelatin, and hyaluronic acid. This article discusses key design strategies for modulating
mechanical properties, mimicking cell-matrix interactions, and delivering bioactive cues. Furthermore, it highlights
the impact of these hydrogels on organoid formation efficiency and phenotype maintenance across various organoid
types, including intestinal, brain, and liver models. Finally, it outlines future perspectives on high-throughput fab-
rication, co-culture of multiple cell types, and the development of stimuli-responsive materials, aiming to provide
theoretical and material foundations for the standardization and clinical translation of organoid technologies.

Keywords  organoids; extracellular matrix; hydrogel; chemically defined

KA E (organoids) & H £ BeT- 4l (pluripotent
stem cells, PSCs)al i T 40 B 7E 44 4+ =4k (three-di-
mensional, 3D)5FR5&AF T, @It H ALY I
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PLIE 3 21 20 tH 20 9] 1 FO 4L 23 155 77 5256, WILSONM
{140 20 24 PR 1) 2L 2R ST A B P i ) 7 AR A B
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WU, KA EARAN K B AW E R WL I TR
M7 TR . BRI N R, 7O R B R
915 10 o (0 AH ELAE AL, LR A T R T8 R
o ISP BIF 7T 1 B Jl O IR SR AR BB U, AR Il PR 3
AR FHTT TR, 848 B HOR IE 7 3 28 AR R 22 ARG 11
BEIT IR A% R o 8 RVE IR R 2K 45 B (patient-
derived tumor organoids, PDTOs) C\ 51 B H T 2540
BB A M AN A A A V6 T 7 Sl e ;IR A e A
VRE A B PR e 2 ) E M VA RN 25 0 ik SRt 1
ERCE6 OV A R ORIRAR T 25 R AR I BRI
PRATHH FE A o

SR, SEA% B FR RS ) S A0 T e AL 40 iy J3E 4K
T RN, U R AR P 41 A1 5T (ex-
tracellular matrix, ECM) ] = 4E 38 55 . ECMAMY
NN IR BV RIS, I RS R A I
S 58S, WM R . WE. 8. o
e BHERBEAT N, WYERFH RS ML
HIERR R RE LI, 5T, R A Matrigel®.
BME(basement membrane extract) & J5 4% F 55 72 H i
B ECME Y. & /2 M EHS(Engelbreth-Holm-
Swarm)/J> B AR 4 i Hh 4 B BRI RS )
FEASEREED. IVEREEA. JEAARE
AR AN, R, AR R /R H
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P B R ) SR W] B M S AR AL U M UK 1
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A HTFEATT BRI RIS POE R B . XK
BEER Ok 27 25 0 i FrAR Bl S i o A S Bl
SERRTE R, FLLH RS 25 R R ) B R 1 22 W A 4 )
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27 153 B T 7K I A2 A FH O R DDAk 2 A
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(e . BRI ) RTRE AR 32 5 RARAT A (E 4 B
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RE BB (1) 2134 B 1 B2 R 2 1 B 2 1R 7K e
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BEIREL . EWIRIR. IR B )H & KRR, 1IXK
P RFE A B R AIR ECMAL 5 1) A W3 1 A At
BERUFR a1 FfKEER B RS & R AT
HRWED 5 FIIH, R & (RS
BAL AR IO T Bt RE SEAR I A2 544 K
B 5L AR B, 05 ) BH BT 7K 8 i Fee B H
Z 7 Rz O H . QU FE ¥ BT A 2R
5335 LA W ) 43 S5 A R D BEARFAIE , B FE N T e
i R A R 2 55 5 R AR (4 RGDAH i 285 B IR ) B 2 2
R e B TN/ BEL RS C I o R T WN AT
SLHL. RGEHb R RERCE . R, WEKEE. fL
B DA K B3N ) 5 55 2 A RS H, TR UAS
[F2H 23R B B B D152 oA B, IR 1 2R
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TREEME ™ b A2 2 SR A A BT DR e — B, A
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I PREG AL F1K  IX A RLARE T Zh Ak 1 o
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G 2 AL TR BEAYE (GMP) R, 22 41k
WERE, NS EBORE RS e T
AR IR T S8 i PR TSR A L B 1 S PR R s Pt
150 IXERARE PR A AL 52 Bl B WA 7 TR AN (X FEAT 2 e
WAt ek Jo i (1 £ LR BR , BE N HESh SR A8 B W AT
PRAELL < LI FE RN A BLBe S5 24 Al R S F
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2 KRS ARMZCER RS BO S I S A TR A
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FADEREE SR . IR BRI LR R, HEREA
IR R R S FOM 5 T e fh S, 2 BRI AL
3T T4 5 A B B SR I K B S SR I
2.1 EHEBREAEZOMREFEEXK

TERIRE R TR, 022 RAY W AT 7K 58 e 7 it f2
AR TR AU RE . TR PR RS )
AW ThREABE 1 B R E R e MR LR, NI R
FERBEALNE . WA, A B AU e, B
RN 2T R . OEMM AN KR %
TR, BEWS 4R RS 88 B AN M 0 K A7 35 . G5 AN
T, @ul YIRS . BT A A 4R 2 18]
ML E e B B R, KBRS R B
s B R S B S R RE RS R TS, DUORSHEDT
Bt H bR AL 125 OR S . @RS 112 nTHE
B AP TT O S B8 B B SR IR A 1), R3S E LR
IR EE . DRIIL, K& I AZ BRI 25 75 5 H 2LV K]
LE. OEYIRLRE ) KB ERBEAMNFE
ML RNTE S, R E 2 MK R A S
S THIBCA S . R, 12 o B K e 7 B
RS RS RIUEYIS T TR 1. @R T
PSR IR E T ST 2 2828 E 1L 1
BEEEEHA ), KB H AR 7R R PR
SE R IR S
2.2 FEMNEFER T IAMIZGER AR

PR A% 0o B2 SRVR R 5T, BT R4k 2 B 4
WA A7 7K 5 M 2 B T 0 B R B KR I« RARAT
A KB RN A KB . LA R A IR 2
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[ (PEG). RNMBEIL (PAAm). T N-F 82N M5
I/l (PNIPAAm). MR (polyacrylic acid, PAA)
SRR, IX AR AL O A T R o 2l
v Rk G G AT = 370y AT 7 AR T LW NS AT VA
I RS R . BAEYY TR ECEE T
EZH, ROVERL S KB s . RS
T A RO S fRAT NS ER AL 2R MRS . B, PEGUK
BEIRAE N E AR &, BAT R 1 2R AR 25 e A
e P, NI A 0% PEG Sy 7 & BUOR B #E 4T
fEHER % (HPEGAS 5 R4 4 i iR A4 i, 38 7o 2
BHMERGDZZ I Ak LA REAN A B 5 . @i iy
FARIRBE , PAAmMPBER thmT B2 LR T8 1 I 1 1 Y
B, Lk B S, 7 B LR R Ak, B
PAAmMZA 5 il 6k Z ARV NS . PNIPAAmIK#&E
2 EL A e 0 PR i S, T SR A % f T 3
HEIRAL, (8 T4 B e 4 5 R, (R RIFE 77 25l N
Y PEBC AR U, PAASSIHEE TR AWM A RIF
(VA I A pHw SV, A B T3 5K BRI BB 1,
EREE e e e R ASEE FSIEE i b k3 e SE N =
B LA ZR B A LE TR A T 12 (0 A B A 2 S AR
SRR — 8, HR R T A A
P (5 ThRe A AB 1 ) LA S 43 1 2R 16 AL AR 258 P s A
PR B o

FARAT A 7K B e el e i Bl 3 TR T2 i
MIRIR AR T (R AR R AL, BRI R
RARPIAN (00 A5 4037 e I P v S 20 0 WA A 4k A T 4%
Mo filhn, BEAEAKE R [WEAHRE. #itEA
FEZ Ik (elastin-like polypeptide, ELP)%% |nJ DL it 3
R TRERIA IS, HA KM 5| nT oS i it IR
SN 6 AT A B RS IR 2, AT L )
VA7 2E MR RE RN E DTG 1 S HR Y A R i SR R 7K
fRP=H, RIR'E & RGD(Arg-Gly-Asp) 541l il Zh [
5, B R @i ks
T, W L TS AL 15 B GelMA, GelMA#EIR T8
BRREST, JEREH T2 MRS B IR IR . DIt
FT U1 BIANSS P2 i B-MA KK (B-cyclodextrin, B-CD)
555 AR 2 1A ) R AR TR AR, T
R T B NAE R LR Gel-CDK B , s EahA
P22 TG IO 4 5 P g I A R SRR WS B T 40 O 7E = 4k
R IR 5 T 4EFF . 3B W FUEZ (hyaluronic
acid, HA)/2 ECM I H 2L0E I 58 b, B REFIAE
YA 2P AN 2 A0 S AR VI 77, T fh 2 etk

(B 51N Y 35 R A4 1 8 45 ) S D S Bk . HAGE AT
HIRBEREWE G MEDIREM BE, B a4 iE 1) HA-
PNIPAAm/K B AEST °CTE bk, BEIR WAL, T
KA E B IR A FISRE i 1 AT M Y 5
U (A, BIANAE PR T =2 fAAH HAE ), B80T 5
FRAEM 111325 B )i R (hyaluronic acid modified with p-
tert-butylphenyl acetate, HA-TP)-5B-CD%% &, T i
I3 T ENASKEEAR o IX 5 B A AT 2% 7] 3. 25 ik
() 78 )51 40 MO A = 4ERA B Th IG5 5 A ARG, 2
HRERBEERRE . RBATERRK FERBAE
T A AR T (R AR R IR R B AL R AR K
KI5 G i, B RE AR AL A), 0 H RESR AL 5 4 () 40
FHAVERThRE S e . H R EPRERAE T - AFE 4RI
IR 7 T (WL G H U IR . W HA) AT HE
PSAFAESE L [ B, L7 2 M e 04 428 Y0 LA S A 6
SR, B E AR AR T BEE E, LA R R N T
PECWTRAE L RE ) AT e 75 ZEO0AL .
FAKEEIR B ARG & R G5 RIRAED
RIS, kR P g S (W) EIR A U R
BOJE i e EAR I &A1k, YEASE PR VG Rl
FEWEFFIAK (polyisocyanopeptide, PIC)5 41
ERGEREHSE, Bl A KBRS T 26
AR EREIIR . HAh SIS AR R SR ECMEE (i 5
BAL FEEA. BEHIERAS) M EN T PEG
WA 2%, IR LE NS KT SCRE 1155 2 e T 40 RIS
KAERAEKD, AR A% OINEE T REE AR
PR B R E TR, E R~ E A=Y T
FERE BEMRAT AN TR, O v IR — A RHA
Ei0S] RS N S 6 Y
2.3 LR BRRMIKCERBL RO & 5 ThRE (L SRR
Py A 27 15 4 B A 7K 5 I = 448 194 26 235 ) 44
T2, X7 R GE 1 RER I LA
PR BT (LB IR 5 )5 L AR e M) A KON
ML FEN o B R4 A 2 S N B AE KR K

%,

A 2 FE AP 2 T R 38 3o T R A AT S
MERRE M. Hrp, BHERER LML
(UV)E R WL (L & )6 51 & 7140 Trgacure 29595
LAP) 5 &5 Al SR A 2 ] (WP IR I 22k P A4 PR
B ) I BAR B S & (I PEGDA . GelMA) & A 5530
R AZ BRI o i AR sk sk PRk
HH R IEAS WA TN ) R REdEAT 22
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WK, 191 10 B 28— B R I0 B B (strain-promoted azide-
alkyne cycloaddition, SPAAC). i /B s 7 s 87
(thiol-ene/yne click chemistry) 1 5 /R I s B (U
LR MV 1 55 3 S ) A5 o 3K 8 g 7 A1 i A,
B b. BAN, dia RN T EE R R
Al A2 kB D Re Ak, 1 an A A B — % (4 EDC) A
N-F2ZLBEIAWE W% (N-hydroxysuccinimide, NHS)¥
MR HE, BRI 5 25 SR T BURS R R Tt M B o

W BE A2 18 Y 38 o A A AR AT AT 3
A RML . B, By RBGEL 20T 5
P A 5% 6 0 B () ) R T TR I 0%, i TR
BAVAV S B S T (Ca?*) Ffish J PRI T B < & 45 4
BB BRAh, @ - EAER, 0 B SCR E
IR ()5 @ NkE () Z MR R e &
fEJH (W1 Gel-CD. HA-ADA/CDH#ER), AR EH
BN A W 2 15 VE R T KRR o T FA B IR
SR Wk it JEE T o N i IR e — e I e AR, Bl
PNIPAAmTE ifil £ = T~ H LCSTH K A& Bi /K R4 %
FRBEIE o« BIFFEN 53 75 AR s 7K A O 4 ) 2 A
JIT @5 BB A B0 0 5 (U R S R ws i AR 5 B
) EeA SRR EER X 40 B P ) s e DA
Jei 32 80 (B 7 75 75 o At [ VAT ) A a2 5 45 1 P S TR SR
%[26-28] .

FE L HEA b, AP s A 2 R T 4k 5 g3 W)
T K J RS S8 AR S D RE R B A 5 A Y
BB R OCHE . D SRS ELEE LU LA T I
OIL I A AT A B e R o SRz (B s i 4k
% . EDC/NHS#i & LR W ik 52k [ ), ¥
IS S T (BB E S AR T BERUBK B
LA s T 2% 1 B BE , SRR E [ e T4
B QMR AR PILE h 5N 2R A 7
TR e th g & IREtid v B, il id A= Ypky
FVEA BAE PO ERAS 5707, IIAE R
SEAYERE T 75 (R AE S TE R TR . @7 (] ¥ F4k:
52 (XU T ) MIEE3DITEIRIAR , K
TP AEYNETE 7T (A0 Rb P A4 ) FE 7K BRI P9 B B 3%
T B A 701, B3 S o PR IO 35, 51538 88 B IR
PEIEST . XS RS KA . IR ST RE AL S i
A G PR BORORI(E 5 1 S5, AR FE N B e AE
s By T K BT & RS iR A (5
5, NIRAB TR R RS B K B S @ A5
A RAR B R SR AL 1RO T R P,

3 WERSIPMWIKEREXSBEEFT
B8z A

02 B4 BH T K B I B R O (B TE T e %
T A% Gu ik o i I [ A R B, R A B SRt AL
SR R E AT AR Y AT RS AR T AR S R
5io ANERIH R G A2 B0 B BT K B R A ) L
REM S EREE Mg i BFIE. )R E+
I OCEAE S ot 7t e, o L ool i R
SRR e R A R R .

TE AT R B M OCHTE F b, VRS S50 5 )R8
YRR AR F B AR R EERICE. PR
S AR AN R N B A S ) SRR AR B
PIESHL, FIR, B85 HE W R R B R
AL ARG (AR TE R I S) . ThAe
PE WY CINEEE . JRE . BRI R B H Rk
W57, LA HIMER AR TR B A AR A 45
IS IhREREIE . X85 7 5 @ AR AL RIA R T VT
W 2% 5 IR R AR E PR E AR, FEARME AL A
RIS IEH BA RS E L.

3.1 BFEERE

B RBEERIAMERE . BE. FHL
AN 24 R A ) B A | BN R IR AR oK
W O K 2 Pk IR & . fFlal, LUTOLF
6 DO 1 b R A R SRR E L TR T T PEG
(BN AS B KB AR &, A 8RR T 1% 4t Matrigel
(R VK 22 S R0 92 S P ) AL, 3B 7R T R 1 RA sth K
LT i e 5 TS AW O AE . ik R BATh AR
1L PEG(mPEG- iM% g 5% 8-PEG- M g ) A& 42, Jl
Tob e s g ] () = EE S SE A BHE B R (Treian=
20~30 s) P PRIE A A, 875 8 7 I BE Y B AR 1 N R
D143 DAKERR, fRIEXTFR W R 2R ST I TR RR, [R]
IS YAP/TAZIZ A B ) Paneth 41 ffd (1) 734k o @i
BE— 5 B A0 O 6 A A (RGDAE B ) AT 28 B i for
A5, (Sortase- AV 1), 1% S KE SR T 2k
BE KR IR AR, AR T RIFm)
TEARMRE T, B RIL T 9508 5 (BT 1A).
CURVELLO% PUR i1 7 —Fh & TR A K £ 4 5%
I7KEERL , 13T 0.1%4F 4k R GOR A 4L & 22 B
FR = AE PRSI . 124k R MR SR G
FLRAR Y, HHoR o EhiB0E i UR 25 5 s R Al M B it
RUFIAAE AR fE/ANR/NG RS B IR, 44
e LT NI SRS =N SV Ty E PS5
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SS-hybrid50 gel >

Matrigel

(B)
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#_" < % ) -—‘-#- <
P Ay E
2 &
CS nanowires _
Matrigel &
Designed CS/GelMA g
composite hydrogel
© Hoechst MUC1 Hoechst ECAD

Matrigel

HA gel (4 kPa)

50 um

‘r:- 50 pum

100 um

100 pm

A FET I RN VR A B B A AR S HRF/ D Bl T AT R AT AR R S AT SR 28 B AR B: CS/GelMAR Ak B SCRFHFRAS B (M8 97, C: 2E
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A: dynamic hydrogels based on covalent and hydrogen bonds supported the formation of single-cell organoids derived from mouse intestinal stem cells;

B: CS/GelMA composite hydrogels supported the culture of liver organoids; C: HA-based hydrogels effectively supported the growth of lung organoids

and the expression of specific markers; D: gelatin/cyclodextrin-based host-guest hydrogels supported the culture of vascular organoids.
Bl ETE AT MK RIS S T EIRE B (IR1ESE XK (30,34,36,38]1225)
Fig.1 Various organoids cultured in chemically defined hydrogels (modified from references [30,34,36,38])
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