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Figure 1 Natural/synthetic hydrogel materials for organoid research. (a) Schematic diagram of sodium alginate for organoid culture of breast tumors.
Lumen structures were formed after the tumor tissue was cut and filtered and encapsulated with droplets for 1-2 weeks after culture [30]. (b) Sodium
alginate/chitosan hydrogel microcapsules for islet organoids culture and functional identification of differentiation [32]. (c) In vitro culture diagram of
breast cancer cells in ha-oxime hydrogel. The statistical graph shows the tumor ball diameter after 21 days of cell culture in different substrates [36]. (d)
Bone marrow organoid culture based on PEG/HA composite hydrogel [47] (color online).

3.1.5 HIER

B Jige 2 — b e B S 0 K AR AS BN B P28, B3R
I S S R U A A . R & S 2R 4
J& & ABFMMP)SEFE 5 FIRGDE A, A T84 B 1
FHRRE N, SRk, LLGelMA AR I L
TR 7 T 9 1E F 40 M 3DEE Rk i, FRAT 1T
GelMAM BRI R T — Pl A BlihZ - 7o e M 10 i ol it 4
ARG, HUESLA AR b AR AR B A7V 1S K. 1XFh
MOk BE s T T 40 M R AL P e 4 ) 3t 9%, %
B -5 B S & R R ARG 9%, RS, 2k
P B PR AR RO S AA P ) 3 S5 % A AT A T
S Ik4h, 3DFTENfIGelMA K BRI BAT 1R 1 45 1)
{RELP¥. BreidebandZ "k 7 —Fh Ik T8 37k 6 %)
W%, ETARKENGIMARE L A
IR (PEGDA) VRA W) SRS 8 5 YR PR AR A e 25 2%
B AR EE, SEIL T R R A B I S B DAT

186

ENZE K. WA FGeIMA/PEGDA A TR R AF R B, 44
FTED IR 528 B B LA P v LIRS i s A DA SO
SE A R AR 1

32 ABUKEER

RAREE VRN 2 B BHR MERRHE A [R1 4 21 88
ﬁ%mﬂAﬁw%ﬁ,mﬁ%ﬁmﬁ%%ﬁ%.lﬁ,
VF 2T 06 B 6 7 & R & W0k B R T
FEU e A B B i T LA 4 s s bR P B
PR S FIRE AR 5 R, B B RIRECM
HEE R EE A AR 2 FUIRGE M DA S D) 5k, JFRe
% B 1k E A R 1 B R P DA OR 2D e AN R E R
R RN F2 U4 L, DU 20 A R T B A
FTAE AR I & oK R ik, AR5 F 24
ROl KWL RBRR 2 RS2 MG oK
JB AL AL



REFRE: b 2024 5 S4B B2 W

321 RO

R O BE(PEG) s HINV R Ot 5K Bk & —REIE
TN A T R i SR . AR T et & R S M K,
PEGM AR B TCHIBtE . SRk I B A s
P, R RIRECM BT & AR, 0, Vallmajo-
Martin5" 3 T PEG P4 A8 7T A AHA &5 242 W03 1 41
BER T —ME KB (E1d), I U FOKEER
NECMSEIL T A TR B #6284 B G 5. X MK EE R
E R PR I R B R A BTt T B
AU R IRAEYIARL, FEMRIAL R, 2540 58 B A
P N B R A B 7 TR B A AR U R, Bt Ah,
PEG Y Uigetb LGS &5 570+ KAWL . 5 T4
BRI AN T RN B S PR 2R S M, B PEGHEC A& AT LA
WREA R BT, &M T RS B R
F#WU | RezakhaniZEP i@ i X PEG-2 Ik /K B (1945 55
RS AT 0, HE R T B AR AR A & R A
AR RE. X FHPEG- 2 KK B BB A /N BRFI N2
i R T RIS, b /N R IE AR AR TR L R
RS T R R $23L T Matrigel, 23F 7 ASK#iMa-
trigel 2R 28 B AL AL .

322 REEBLE

TV I I e (PA Am) 5 — R AR WU AR B PR B0 1 &
BEREW, BAFKIE. 2 AUNERRER S84 i, R4
U Z N . PAAM/KEERR 1) 55—~ B R 3
e IR R AR 2 TR, & TR U A
R R Z A0 AT A R, Garreta 535
A IHNPAAMK BRI I T57%, AEARAINGS B 2R B I PR
BRIAIA S ORI EEREAT 1AL, XS B AR e 2E 1
ANEAVE TCEE R R AR R, S R BURE 2 F T AE R
P HESRAS B L, AR B A B SR 2 R I
Y SEAF I AL RFAE, DA AR SR B JIE R 8 A AT 5
Jeft T AIRE.

323 RR&EZK

R\ 2 MR (PIC) A& — Fh B AT AT 38 IR A F 4
LIS TE G MUK BT R, AT AW 3T BV O
SO T A, BRAh, 3R B S R R > T AT AR
W PERACRIZUFPIC 88, LLSEIURRE M H AR, 81,
PICHIAE MG MR, Toik AR SE I A B (M 7R, 2

FPICHIX LR, Y& D@t PICH EFIEH T
VHRA ST AR B 875, el — sl T
BVRRE IR N FEES B ORI 3. AN [H T Ye S5 (1
IK B VR A BRAE,  Schaafsmas 3 FRGDIE M 1IPIC
IK U Ji S BT Mo R T 4 R S D e R S 8% T
H, 1E L BB SRR T 4R X R A HIPIC
IR A28 B 3DRE FRIE RIS, AR IPICHE JFi kR
PEHEERR AN RSB AT A AN IR 2 e, R 75 3
— DR A K B e 4Ll B 1 97 4 A

3.2.4  HAlEBOKEEK

A KA R s 2 — R B AT TRE B 2R I H )
TR AT (RIS R . R I AR
AOCBURIESE). R OIEEE(PVA) SR — Fh 3L 2 1 i
JEE BB BRI, M O3 3o 3 5 T TS 5 )
S T A Bk 4% T T 3D A 42 A 41 i % 3% I P VA -
RN A KB, 45 R, BEEPVALLG] 34
T, B 7K (1 FLAR A G e 38 o, 3 1 A AR
IeAh, TEKE P BN R Z K, 440 ] 5
WHREHMETG BT IR 5T 40 M A0 /D 5% Jie ot 24 1)
PAAMER. H—MEAME L ZER(PGA), HIH
A R KM R AR, g T8 972K
PE . TysoeZ5UTHENS K RE AT 4 2 8% B B M ZEPGA
THE AR, AEREAE RIERE N AEY) TREAZ. JH
AT TR 4 R AT ST R A IR T R I 4
X5 HAT AT EE AT A SRR RE RS
SEAAN .

BT AN KGR R PEAN R, TEREFRAN [F) 252 (1
2 BN 2% B I 7R AR A il (00 75 SRk s AN [ (R 7K
BRI FE . B T S A B i 2 i A A H B R Ak, AN R 2 2%
BN B PR R T R AN IR B, fE A B B R
W, ECMEEE R IR Ra & T i R R 2=, B s 1
T KNER KRR F B T A, 18
MSCHUMIRE TR, B 43 A AR T 56 o o Bl B,
KB TIE S ST KA, R s RS E I
B W I NPEGDA S Sl A RL. 1Ak, HHE I
FOH, R M (A SA94H M) (4 i 24 2 0 e T 7K 4 P 11
R PRI, AR T TR R IR 2K R R R R
BRI EH ), WEI0 R R 15 A A A [ B A 4 5 1)
KRB IR.

187



BERR el S5 KB LRSS B T IT A N ik Fee

4 IREERARE TARAL SR

IKBEBGE H BAT R RE, TR RAR
ECMIIEAD), JEH T A IRGR1). 2R, ZAElR
SRR A RN AL G B AR M RS s, w2k
i) ST AN O AL B AR S R 2R AR i,
— S5 AU T HR S T2 A KB 13D
UM EG AL, JFAR N2 1 R B4 - A e AR B A4
178, W51 5T BB — 5 25 R 25 4 1 R 4% B A
UL R 1 B A A BT AU KR R
B IIE, OAERRE . BZAA3DAETEN.

4.1 TR

A 2 1 2R S ST,
B MR AR s it R g EAA TR,
Tl 7 Ve A IS ] 1 ) 25 P TR R B Bt ot Je (A 3k
LRYEBER) . A% H O AR B K. TRiitds & R
Tl R B BRI R S R IR A R, fEIE,
FAVRGE T — BB R W KB A BHE
TR E TRE W I S

TR B2 A e BT SR DB A R A RS 2 1k A %
RO LE R IR, TG 2 B TR
AT AT SCARRRE. AR, SO R R
(B £k AN B R ML OR 37 BE 0 AN LTI SR 2 B TR AR 5 15 7

F 1 HTREBEERIRRIKER
Table 1 Hydrogel for organoid culture

JrHAZ B —E R AT SR E R R — P
R T K% e T GelMATIGRE IR, iR RURE IR () /N R 52
JE ] g 7 B b U T S A R AR R R AR ). DA
IR A AP AR, 7 RE R I 4
M AT EE 1SR N AR R s 71 (Bl2a). X MZ-5e 45 Kk
BB E & SRR IR, SRS T T4 A
LA A R A0 A 2 1) 4 X L8 5, AR R B B B I
K 8 35 T AR K 110 18 75 719,

SEO R — MR — PR RE) . ATALR A
PR RS S DR E BRSNS, AT AT 4 1)
S ARSLEG, AN e S50 2% A1 B 200 A4 P - 4 i S
IS FERASY . BT, Cherne I % 7 — Rl 2R 4e &
BN Fr, WA T — AN R AR e e A - b B 4l
oL RE IR, DARE N B i SR AL (DC)- 1 Bz 4H
JHe AR ELAE FH (E2b). T E, AT N TECMALET
1 T DCHIEI T, KL T 2 A BK B Re % T
Z RGeS I R SE I IDCRA L M, SRR R B B
WK, X s AR R e A ) 2R
B8R, BRI TSR ER O 1 AR B A O AN IE A
PHDE TR A% A I 2 D 1) e A B LA 1S 98 R
I HR AR FH A AL,

Tofs JEE 7K Fie — M 48 LA — P sl 22 P S oAk P
17K L. HancockZE“*HR i T —Fh A B IH AR, WI7E
I A8 e K i s A A Rl et R K K R L 1 R R A

PSS s

B2 22530k

PRIBAESEA AT BRI, A2

TEBEIR N Ve FVRR IR AT R A A FUBRE. R B E R [26~30]
TN %ﬁH’JQE}%JaéWE{{%gﬁg%& SFHEY) i BB R TR [31,32]
BV B M AP R e %%iﬂ%ﬂiﬂﬂtﬁ\ WWIME  FUNE. M&gggﬁ%ﬁ%ﬁ%ﬁw%@ﬁ [35.36]
J s . , N : . NN )7 N NI 2L AT
IMREERE L REEYE . B MMPAIRGDZEL 4 SR, PR BB [37,38]
e FARARES, IR TR G PR e, mersa e 40,41}
— SENERBERYE . S THONATRS, BURL L B B TEML (5.46-51]
e PERELF. S E i fi2eas B R IR, BRI ’
ERNpCi PUMPERELT . ZFLMEROR SR B b2 ek ik BRI E R [52,53]
e S EJIN A, AT JHERE S WV RS B R [54,55]
Py R AYMBYELT . KMEG. B R P2 A0 o AL AT I R [56]
R VIR TE . R TE NI A 2R 4 B B IR [57]

188



REFRE: b 2024 5 S4B B2 W

(@)
Shell Continuous
flow flow uv
i

I GelMA solution was labeled with L3280

Core flow i)

4] = MC solution was labeled with L4655

Mineral oil

Bright field

HUVEC in core

()

Heterogeneous growth and function of organoids in awell g iiotemporal Wit gradient

Organoid size
Edge

Culture medium

Dome-shaped_,.7..
hydrogel "

Edge

(d)

2
2
3
®
: JI J|

—
20% PEG 4000 — % <l
20% PEG 4000

B2 B/ EAKEE AR T 2888 B BT, (a) A% 5euB i (K75 s 5 181 S Hep G241 il 5 HU VEC 4 I £ Sl o 3 8
FJE L RAEEIEY; (b) il KA B s Ao i B A AN I R . IS A7 AR S RAE; (o) il Kas ey

EECMV\]I%EHEE&*HT%%, Hrpwnt3ali A E

PE R L BRI S Wnt3alfg i 2 b, (d) AT T R B R R

(¥ B Ak KRR M 2, R BB AE T A0 TE GelMA T2 i (9 5 -k sl (11 4% B 1))

Figure 2 Gradient/pattern-based hydrogels for organoids. (a) Schematic diagram of core-shell microgel generation and confocal images of HepG2
cells and HUVEC cells after co-culture in microgels [63]. (b) Schematic diagram of intestinal organoid flow chip and characterization of cell recovery,
cell viability and key cell markers [65]. (c) Intestinal organoids show heterogeneous growth and function in ECM, in which Wnt3a instability and its
diffusion limitation lead to a temporal and spatial gradient of Wnt3a [68]. (d) Patterning hydrogel construction suitable for microscale organoid culture.
The following figure characterized the adhesion properties of cells on the surface of GeIMA [71] (color online).
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(a) Effect of AHA-HT1080 on ECFC sprouting and invasion
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Figure 3 Organoid applications based on hydrogels. (a) HT-1080 tumor organoid microenvironment construction and vascularization. Herein, cell
germination length was quantified under different stiffness and oxygen tension conditions [81]. (b) Schematic diagram of the construction of the planar
array colonic body for drug screening, bright field and frozen section pictures of the colonic body [83]. (c) Methods of culture of liver tumor organoids,
including multicellular clusters grown in Matrigel (orange), tumor single cell and multicellular clusters grown in dispersed hydrogels (blue), and
multicellular clusters grown in hydrogel capsules (purple) [86]. (d) Biocompatibility testing of self-assembled cells-hydrogel microspheres: easy-to-
handle tissue-like aggregates were formed after 2 weeks of culture [88] (color online).
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Abstract: Organoids are functional tissue complexes derived from stem cell by self-organization under in vitro three-
dimensional (3D) culture conditions, which can reflect some of the key structural and functional features of the tissue/
organ in vivo. However, the formation and culture of most organoids rely heavily on complex extracellular matrices,
such as Matrigel,and the tumor-origin and batch variability of these matrices seriously reduce the reproducibility of
organoids culture and the safety in subsequent regenerative medicine applications. In addition, due to the lack of
adjustability of physical and chemical properties, the above-mentioned matrices are difficult to meet the needs of
personalized and customized biomedical research. On the contrary, the hydrogel with single and clear composition has
the characteristics of accurate and adjustable biochemical and biophysical properties, which is promising to address the
disadvantages of existing organoid matrix, and further realize the construction of more near-physiological organoid
models and facilitate their translational application. In this review, we first introduce the existing systems of organoid
formation and culture, as well as common hydrogel materials used in organoids research. Then, we introduce the
engineering method of hydrogel materials and its representative application in organoids research. Finally, we discuss
the potential and future challenges of functional hydrogels in organoid research and translational applications, to provide
reference for the utilization of such hydrogels in organoid construction, culture and in-depth research.
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