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Self-organization of cells in organoids

KA H

FEWRITE

HAZ LT

WA E

R E

hoets B

MR T

INIES AR eI Y NES
RN T A S e

RIS B

BRI

JE 46 0o I (primitive heart)ZS 5%

B

SRR TR . R A LA
ST, RARAR

o /M I B 1 A A

AR

F TR 96ALRIE TR AR
SERIERA BB TTE

FRACH oo fLAR 5 77/ T 40
REMIDE IR 267 &

AN

B 5
3DIEFR. SE IO
BRRAR

FE R I TR A
CRISPR3E [K 4 4w 4
. JEALRG

F(FLIR- IR (PLGA) 4 4

ez, AL, SER AR
RNAM 7

Transwell S F- I 15 5%
BN RN A 7 A0 FE o 512
I AR

AR OOFLAR IR I7 . 5
MPRNABIF . . It
RERME

Maba s 9B T UAES /DR B AR A S AR B R, AN T4 B 2k

P 75/ N R JECT, A71E KL 7540 R S M LerS(H) T4, 76K IJHES

TR AT GE T+ K Bl FEGF. R-spondin 1. Noggin), HMEEZLF 24

e g 2R A, 5k — D Ay S A T RS E, ARR40Z A

B SR TR (B 5 g A, BB Serb S e, PO Aet SR BAE R . hAhi

— AN Lgrs(H) T AR AT LUS s X SR B R E R E, I HLegS(+H)T
2N R VR G M 7E RS B rh 75 LR

225 18] PR ] (KD AR IR S 2, et W T4 19 2L U0 J e I 2 A (K D e i B )z
EH IS ADLT- A P 1 Bt 5 IR B R A M A 1 2 i 3 57

BN M AE S ST MR AE K IR FR, SR I R Sk 1 A SUSRE, R R %

YR MIAS ST TR GE AL : B 35U IR YA P 1% i S5 B A e A, R BR A4 5

PLYAPL (K40 M1 28 5, 5 ZhiiE Notch MIDLL L, FF-IREh 4 BR LR BhEift:, S5k

B—ANE RAMA AT R, XA R, B — IR BRS04 25 50 2, AR

B A AT — /N 40 (R PRV A0 400 A i AT, 2 3 T4 AR A 858 9 3 3
JI5t 5 AR B S AN R &6 g A Y

/IS BRI T 4 e SR SR AR A 3D5E 77 T B T8 L M R A S5 A ) Bl s ad
Fo: WRHA TR BRI AORL R L 52 B R T BRI L B I, IS G
FLIE -0 S I Ak, TSR0 20 (e LRI A € 3R b B, T SRt 3
3B ) AT B T SR T IR RUAR (KRR, B T30 AT R O™
oy JE R AR L. (RS 3DR FRE M B A A Ik T A £ B 4L
BUCELI, ¥ St o i B R 1 2220 VR 52 d 1 1 A 1)

R 3DE FRAE8~ 10K R LAt RHAE (RN SEAS B, 1E15~20RIE iR

M HESER . FIBFPZRE R IEN-STRE SR A2 R, FEIAE FEW IR AR 1 2 s

JEL AR AT OB (BARIE42EK) . BRI E, AR IABLR I e

JE~ ke A R BB R 45 DX . RIS % it — 8 T T RN SR i T

FELLT T BB HAUIIR AR AT X DL IR 2R AT, RBLAS s

A, TR PR S AL A AR A B AR T AR REAE BB 3 2L A rhod 4477 5K, AT 5
L SN N

BRI T B (B AR 223 2R [ SR AR, LS B A S i) L. 78
ey 7 40 0 2 P2 e K AR A SR 25 A N BB AR, X R WL E 1.
PR R BB R, R HURANRE N, Riniaca B AL Bl T2
B A KRR S 2 SR8 B A O AN 280 e AN 288 B R
F 0 T 0 AL ST O AR PR A 5k 0. R IR K 5 2R T R A ) O
#, 5T AL e R — B 6 RS B BRI B
A B AL PR

PLGAZT YA N iF Bl S5 AR K R AR AR, 7 tE B BB A 22 A1 I 2

TE RIS B B U B . R AR B A S R AV B T ZH R A, B AR AR AL

B BOBCRIAR 7] TR . AL T ERTERES B, T2 TR ISR S B n 1 2%

R, SECTES MMEES, AR RPhEE b B, BRI B Z ARy AR

FZHER, SCHLRT SRR AT R G . T ERTE R 48 B Bor AL BBCI IR 22

Bt RE, EHRA KA E AL E AL BA 4k 2, K3k 5 R KR 2
B /N 4 Sk B

BRI RERITNZABRREIC(CMU), 16 H 7 FAERE . TGS AHRAT
SALRAE A SRR T, @i i~ B HR SIS T N F —F
THD 18 B s B0 B0 B2 PO FEE A D9 T G BIX 30 38500 2% e R o ) Yap 1 (1% %),
Yap 1 U0 18 F 2 22 i o BN oteh {5 = (U 1) &) P15 . 800 (¥ Yap 15 5 2
JRAH ML A BT Wit] 0a/MMPs (4 Bz $0AT %) FEAR SRR IBE, AT (2t 240 i ) i sl 1,
R AN LLNERIR S e h ke, R 2R 5K FIR ock (BT EC AT #5)FE P
BROPR BT 2 8] 2 M A3 7, ﬁ@ﬁ{?ﬁ/ﬁ%%*ﬁﬁt% FURIB1-integrin iM5# 4127
wE
AT 5B WRERIAN T T (B s A AR ), R A 42K E)
MR & 155 50, QU RA T e AR BRI AR OGRS 3S B IO IR
BRJUITH, BiF0HE. L=, LIMNES TR, ULMERN S0
I X, B0y JEL A O I AE O T B B R T 1R RS R 77 T R e
3L 2 AL R, T LG 5 1 PR 56 ) 6 T o JUE i 2 27

2238



FRERLE: (L2 2024 4E BB 545 2B 11

IRRNHEZ, I BAERN G2 BRI /N BRI IR JS BT B
A M. HERIFEDRES. BT AN E R EA,
Z Kt T MPEG/K AL, PEG-GFOGER(02B1 in-
tegrin®E & R 45 A K & UK B SR A2 5 f 7
BN TRk, RO A0 AR S R T vy A
AR HEARC™. PEG-RGD (K- HEAR-K L%
FRIK) & oK B S R T E E M AR B AEK
3, HFREAE AT S A, s AN 2588 B iR
RN, AR N 5243 1RO J R S8 DT 50 45 W 1
PR, B TRGDIEME, KEERHINLIE R T2
FPRB BRI REZE. P31 EPEG-alginaterK &t
i, fERGDMlaminin 11/EERIRENL T, WL BoE
B NG T KA 1, BEYURE S sh ST, o
VR 2R s e ™. K40, PEG-HAZ ML
IKEERE, 456 T PEGHIE B IR % B I ERAR S 1, 1@
IE R T CASRAS B A B AN AR s, (e B
BRI bk, 319, M B s 52 et
MIRIR S B ORI K& T A B, T
HRAT A AR T IR, 5 Se ik BB AR AN &
MM, PlnERA S, RAFRAY, Hadss,
KB 25, R S5, M T g g 42k
(E3).

5 EANAE H A ZE DL R AE KB S H R Bk
A B ITE R
5.1 JEAME A AT R

o E YA 4T R TR SRS AT LAY =K i 4
O R S R N 6218 A7 e ==X /)1 5 I o5

8 21 8 LA 1 4L U R 8 3D R 2 4 8 S g
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B E A UR LR IR o> 1Y SR TR

Stem cells or
progenitor cells

Natural Hybrid
hydrogel hydrogel

Synthetic
hydrogel

Organoids
A
| 1

Microscopy imaging, e.g., Omics analysis, e.g.,

- Live-cell time-lapse imaging - Genomics
Confocal imaging Proteomics
Light-sheet microscopy Transcriptomics
Electron microscopy Epigenomics

Atomic Force Microscopy Metabolomics

B3 ETKE KRS B R T4 3 AL o s K
Figure 3 Schematics of using hydrogel-based organoids for future
cellular organization studies.
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Recapitulated tumor Soft 3D gel Confinement- Decreased drug Higher marker
cell-cell & cel-ECM Promoted MCS induced cellular diffusion and expression,
interactions and formation & organization of upregulated cellular invasion, and
multicellular architecture growth the tumor MDR efflux pump; multidrug

similar or better
than Matrigel

resistance (MDR)
than 2D; HA control

spheroid size and

gene expression

Transglutgminase- Alginate Hyvaluronan
crosslinked 3D microcapsules (|—¥A)-based
collagen hydrogel fibrin hydrogels Chit HA
(Col-Tgel) gel o
Naturel hydrogels N
I )

Synthetic hydrogels

Primary cancer
cells or cancer

cell lines - o
Fibrinogen-modified

PEG-based hydrogels

Lower stiffness promoted larger
MCS formation with enhanced
survival and liver function

B 4 KEE T 2 AR ERACR I s B A

Galactosylated Multicellular spheroids
PNIPAM (MCS)

microgel/PEG

Galactose ligands enhanced
MCS formation with high
viability and liver function

Figure 4 Schematics of representative hydrogels for multicellular spheroids (MCS).
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Table 2 Representative multicellular tumor spheroids in hydrogels with physical or chemical modification
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Table 3 Representative tumor organoids in hydrogels
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Cellular self-organization in hydrogels
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Abstract: Self-organization is an intrinsic property of cells, by which cells collectively, autonomously, and dynamically
arrange themselves to form the complex structures of tissues and organs that possess certain function. Understanding
cellular self-organization is crucial for recapitulating the development of multicellular organisms and engineering form
and function. In this article, representative and pioneering studies on cellular self-organization have been reviewed.
First, a historical review of self-organization has been provided, followed by hydrogels to mimic cellular
microenvironments. Next, organogenesis and tumorigenesis have been used as examples to show how hydrogels
could improve normal and tumor organoid culture and advance the understanding of cellular self-organization. At last,
perspectives on hydrogels for further understanding and directing cellular self-organization has been discussed.
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