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Abstract Organoids, 3D (three-dimensional) microtissue models formed through the self-organization

of stem cells, are regarded as a frontier tool in biomedical research. However, current organoids still face limita-

tions such as restricted structural complexity, insufficient functional maturity, and high heterogeneity. Bioprinting

technologies enable precise spatial arrangement of cells and biomaterials, offering new strategies for constructing

complex organoids. This review summarizes recent advances in organoid bioprinting, with a focus on innovations

in printing strategies and the design of intelligent bioinks, and further proposes approaches for precise microenvi-

ronment construction based on developmental biology. Finally, the potential applications and future directions of

bioprinted organoids in tissue engineering and related fields are discussed.
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Extrusion bioprinting

EI Nozzle
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© D)

Kenzan bioprinting
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Aspiration-assisted bioprinting

@FVacuum aspirator

Organoid support bath

(E)

Magnetic-assisted bioprinting

@ <+— Magnetic ink

A T AT ED; B: 2880 ST C: KenzanE)$T EN; D: S BIAE YT ED; E: BB A 409T BN
A: extrusion bioprinting; B: organoid support bath; C: Kenzan bioprinting; D: aspiration-assisted bioprinting; E: magnetic-assisted bioprinting.
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Fig.1 Common 3D bioprinting techniques of organoids (created with bioRender.com)
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Table 1 Comparison of 3D bioprinting technologies for organoids (modified from references [24-26])

PR RE
Typical applications

BORFM ITETRS EE MR JTELEE PR K
Technological types Printing resolution Cell viablity Printing speed Typical bioinks
Extrusion bioprinting 100-500 um 70%-90% Slow Collagen, gelatin, algi-
nate, matrigel
Vat photopolymerization ~ 25-100 um 75%-95% Medium high GelMA, PEGDA,
bioprinting HAMA
Volume bioprinting <100 um =95% Ultra high Visible light-crosslink-
able hydrogels
Pick-and-place bioprint-  Single cell-200 um 80%-95% Very slow Pre-formed cell spher-
ing oids, organoid modules
Droplet-based bioprint-  20-100 pm 85%-95% Medium high Low-viscosity hydrogels
ing
Magnetic-assisted bio- 50-200 pm >95% Slow (assembly  Bioinks blended with
printing speed) magnetic nanoparticles
Laser-assisted bioprinting 10-50 pm >95% Slow Various viscosity bio-

inks, high cell density
bioinks

Intestinal organoids, tumor mod-

els

Vascularized organ-on-a-chip,
cerebral cortex models

High-throughput tumor organ-
oids, personalized drug screening
models

Organ-on-a-chip

Multi-tissue interaction models

Neural organoids, fine structures

Neural/muscle organoids (aligned
structures)
Vascular networks, skin models,

cancer models
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Fig.2 Living materials for 3D bioprinting of organoids (created with bioRender.com)
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A FIEYE, 51N RGDJMR S5 B e 74 nT &2 4
T A7 5 H ZH2RE /71, Pluronic F127iR BT
AAEARIR N ORFFRMCIRSE 3T ED, AR B T
GG A DL E 2540 i R 22 RS R A s 7K )
SCRPMIA SR TE S, AA TR E A, |
T B IO /A K BT S AR AR I R R
AN TTRE HE R 5 28 2% B 204k - Bl an B 8 4 g A A PR
“F-(hepatocyte growth factor, HGF) 5 i R 5156 & 7K
B FT 5] 5 IR 4% B AR A 2R K %), BMP 2 BE
RGN 2 N R A B AL HERE .

3 WEMEMISREARE

B 11T Bl ARG TEE LT 0 L0 2 R
BE (RSS2 3DAT ENBEAR S BLiX — H s
BT ROPTRA (22 R S BOR SR R e S . L
TSR AT I 1 P 8 DA B 2/ e I 2
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Table 2 Classification and performance comparison of biomaterials (modified from references [2,15,34-38,44-48])

g e il RE R ERAAE HUbkTERE Rt JTER@ERIME BRI JR R SRR
Material Representa-  Biocompat- ~ Mechanical Degrad-  Printing adapt- Main advan- Limitations ~ Typical applications
types tive materials ibility property ability ability tages
Natural poly- Collagen k%% Lowstrength  Enzymatic Moderate Optimal cyto-  Poor mechan- Epithelial/vascular
mers and high flex-  (tunable) (requires cross- compatibility, ical stability, organoids
ibility linking) biomimetic high shrink-
ECM age
Alginate K&k *kvr Moderate Ionically  Excellent (low- Rapid gelation, Poor cell Islet/liver organoid
strength Cross- temp gelation)  low cost adhesion encapsulation
linked
(control-
lable)
GelMA *kkKk*x  Adjustable Enzy- Excellent (pho- High-resolution Potential UV Cardiac/tumor
(light crosslink- matic to-crosslinking) printing damage to organoids
ing) High biomim-  cells
icry
Synthetic PEGDA %%k kv  Adjustable Non-de-  Excellent Chemically Lack of bio-  Organ-on-a-chip
polymers (polyethyl- (crosslinking gradable, (photo-curing) inert, low im-  active sites structures
ene glycol, degree control) slow- munogenicity
diacrylate) degrading
PCL (poly- %k kv  Highstrength  Slow deg- Moderate (melt Long-term Hydrophobic  Bone/cartilage
caprolactone) and high flex-  radation  printing) mechanical Requires sur-  organoid scaffolds
ibility (>1 year) support face modifi-
cation for cell
adhesion
Inorganic ma- HA (hydroxy- % ¥c Highstrength  Veryslow Difficult (re- Osteoinductive, Difficult to Mineralized layers
terials apatite) and high brittle- degrada-  quires compos- biomimetic print alone, for bone organoids
ness tion ite) mineralization  brittle frac-
ture
BGs (bioac- %%k % %Y High brittleness Controlled Requires poly- Promote Complex Bone/dental pulp
tive glasses) ion release mer composite angiogenesis,  processing organoid interfaces
antibacterial
property

ko BB BEYIRANE; Yoo AR LA,
% : biocompatible; ¥¢: not biocompatible.

(IR S P 7 T AT IR (3R 3)
3.1 ERELEYIBDITENNEIRILIRTT
RAE LY 3DAT BN B AL B v 7 IR A
B KESIS. DIRER. SORAAT R RS
SERZ0 SR, DASEELN 2K 48 B 454 5 Th RE ARS HE R
FEADEATT I, N2 I8 H bR as E 1) B AR
SER AT SR . Blln, DY RLIUL I R A QI S A
TFIIRE, AR FE N 7N IL T B e 5 R B 2 AR
Bl%, RS T H A B 2 A A . o
S, DLE AT AT RE o0, A, FRik
JEL 20 8] ) R SR AR ELAE F AR, IngE fpiE S & 5
KSR HEAT I IRA L . MR S i b R4, (it

2 1] 338 15 Zh e )Y

fERBE S FI7H, BRI M A ik
AR B Fr. DIMERGEE Nf, LR
i 9 28 T 4 L B 5 0 28 2 A SR R A R 8 5
hEE; B EHERE, NOED G N R AL S X
BALE T, g1 ML TCIER . SRAMIT R 5 A
A BT, BHEN B I A R AR 5 2 T (ks
BMP. Wnt5 2285 & A2 500 [ 70 AT 15 e X ) gk
— IR R X MR A s s . i, K5 pr
AR TR B AR E B8 XI5 18] 78 5
T2 P RS A A

FETHREERC T, & BRIk S T HArshfe. i
a, Sk A gL 5 IR R B IR AR B,



K5 AEY3DFT BN KA

2213

R3 ABFELVIDITEN K BEMIMRE R R ANE R (IRHESE CH[24-25,47-48]1225)

Table 3 Key microenvironment elements and construction strategies for 3D printing of organoids
(modified from references [24-25,47-48])

[HERTR:SN A=A

Microenvironmental factors Biological effects

PR

Building technologies

R e

Representative progresses

Vascular network Nutrition/oxygen delivery, meta-
bolic waste removal

Nerve innervation

Electroactive bioinks

Extracellular matrix Structural support, mechanical

signal transmission
Biochemical gradient Spatial regulation of cell differen-
tiation/polarization
Mechanical stress Promote the maturation of the

organization

Sensory/motor function regulation Printed together with the neural spheres;

ECM biomimetic ink, dynamic hydrogel

Bioreactor, dynamic compression device

Sacrificial writing, magnetic control assem- A perfusable cardiac tissue
bly, and endothelial cell printing

Construction of the neural-muscular

junction

Bone organoid mineralized matrix

Microsphere sustained-release, multi-nozzle Polarization of liver organoids

gradient printing

Mechanical adaptability of cartilage
organoids

WA B/ NERFESE I 50 5 BN REEE M A
B0 St F O IE R AR B, )T DL LT 4 1 4% 17
SPEHES, I 5 R O LG M 5 S 5 1 AT DAY
SERUSCAR [R5 1 5 7 2 M REP T,

FERARSLI T, FRERITRESITNL2E
PRMREPE . AT ELEH TR % . PEE
FFEMIEISE; Bt T BT SO = 40 e 2 B S R
F: 1 2 MRS R B8 SR E AR SRR . o
PR EERFT BN, TR BOK S 8 T 2 sl &
M 7 2 P 250

ERA S AL, RS2 RE. 2N
AR B RS TS AR, HEHN/E
FIRIE IR (Rt AR bt )T
A= R [T A A B VT A B S I e
FTENE G SRR E L, TERWTE 4T ED P4 —
BT AR A R R,

3.2 MEMEMELE

ERBEMES, LIMEE &L PR
AN SR TR B . X T EIE T £ s 4
B, 78 B AL R B — B 5 NI HAE . #F
BI5GB e TREF B, DL T IhAg i o
ZMAE W%, HFERIE B
321 @tk ERA SRR
PR I R B ALl . 2 RET 40 (5 IR
fA TS S 2 R T40 0 ) N Bl 2 Mo 1h i
A8, BB T RIS 5= A o 2 40 i 5 1t A P B
Mo @A T S, ATAEF R R IRAE IR
A IFRAT L TR . ) Fh R R TS L e

Y B (A0 R 2240 B )5 P R 4 B de i s A9V 5
Fr. WK, MET40M S PR 40 DUE 4 L
JLREFRIS, W] B R IE A 5 DI ReRs & I ph 2 — 1 &
HLpleee,

322 AdMAtE X REIT EVMEIAUEN
TGN, EXRS5MBIT NG T FIRRA
EH SR AR T AR SR OK, Bt
T B JiE H 3 TR A T (GelMLA) () 7K e Jie T [ s i 465 e
SIS N AR K, JRATE L 3DFT BNk A 4%
A8 A0, 51 SRS LR 4k i W 2 1 [R5 A
FO o SCHR PN I LU PR B TE SO A A,
RN IT R . B 5 ThRe S, MR =
Y HE 4 R,

323 AR%EL5EFTEKAE BT BEEMN
F B (40 CRISPR-Cas9)% 4H Mg it 47 5 [n) it , mT 3
o LR E TR . T, T I SR A e ok it s i ik
PREEFNTR A RALTE R, B 98 A B 40 i R Rg
J1110 %t Z e T A ML AT BALAZ G, 38 W] 4 R
PR B PN B A A ) 3 . FEAE S AR 2 T, B
] R H B IR (W Notch. Wnt. BMPZE) /N
B ER A R 1 Rl 4 T P A AR 4 5 I A )
IR 2% [ 2 OO

324 WAEBRSAMITIRS RO H
AT ER AL A FE (R A ) S AR AR, ad i st
WORTE . 8= 458, GRS B 0t SCRFAH 20 — I A I 2%
(RVE FRYAERR . WIS S S 5 J 7, FE4TEI L
2RI, AT ST BN AR AR il b A P 4%, PR
FELN P B2 A0 M TR RS Jl 5 B B 4 2 55 07 5,
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B P 22 BRN ML S48 B 1R 25 60 A FrHjAT , AT
R EFA 2 HL MRS

4 EBEELEVIBDITENMHRRERE

AY3DFTENHAR 52K 8 B R (IR LR A, 1F
B ARG . ONE. 1. WCLA IR AR N
Z MBI I SR R PREUOR
41 BERE

TEB A B AU, A=Y 3DT ENEOAR [ R H IEAS
T HE B A A F e S R O A3 m) D R EE . TR
Fz A B R F - AL B (DLP)FT EEAR, 45610
AU R, BTh il B 2 AL
RKAE, LW T EHIAEE & AR S B
IH 2 1 2045 141 A0 ] B 6 AL B (DLP) T B R
o R £ H AR sk R) 78 0 T 40 L (bone marrow
derived mesenchymal stem cells, BMSCs)]GelMA7K
BEIRTIOR, (AR MIFE TR N RS, ZBE SRS
B EERETR3AJE, i AR B i R R
P R I FE I B iR 4% B (osteo-callus organoids), I
SEIL T AR A I PR JEALE A . S R T R
NJBE K Y B2 41 B (human umbilical vein endothelial
cells, HUVECs)#1[a] 75 5 T-4H ffl (mesenchymal stem
cells, MSCs)IATE, JE R AT &7 38 J WM 72 1)
SERI S B ORAR , KA R B el 5 e
A2 BB UCEE Dy g 1970 SR ORI A BT BA VYT R T
T REBRES (calcium silicate, CS)4HK 2k 5 L P I
AL IR (GeIMA) I B G AV SK, H T & i
8] 78 J5i T4 iig (BMSCs) -5 it /3 4l Y (schwann cells,
SCs), FJFIEL T EMFE A% HI 40 M 70 A1, 72355 3 RCE 1)
A A U T E KA (EI3A).

T, 3DITERSCHF I KA B 7L A B RIBR
TR, RN T DIRe i @ REb B, JGH:
FEMER SMAERBETT KPS T EER
o SR, ZAURAT I — RPN OCEEBR AR E4E:
SRR E I ph 2 M 28 B 5 L i — AR AR
VORI A 7 5 e vERe . Ul IR IR PR ) 5
PPN IR HEB AR S5 R & T 2R
Ji& VL R B 2 58 I IR AL R o o MR AKX S8 IR 3T, 45
9 SEIUR B ar ShiAs 5 AE MR A4 K 2 4 B K
PR H bR 335 it o
42 FFAFE

FEJHESE 25 BRI T S b, A2 3DHT BRI

I FH k2 (R T AR A7 JH AR TR DA T B2 i R B A I 1y
FE A5 M A FI T e A I P B I R fg . Bl , R
A2 B 441 Bt 41 P 4135 5 (decellularized extracellular
matrix, dECM) 1) JF-H i BRAA A4 24T BRI AR, AN
RIS 77, TR I A B H SRR,
I T RIF RS RS AR D RE 7. GRIXEE 7
FIFHSARFCZIH A, LA HepaRGAH g AT 2 IR 41 e
(human-hepatic stellate cells, hu-HSCs) A4 KL, B IhFT
B B I ML AR AR (1) S 38 B 4540 o JINT AT
IS 2 PR AT ERHOR M T 0 A N RS
ZEERES VAN P B A A TR R
FRAHH S DhRE B TT, SEI T 5 o 25 40 23S 1) PR RS A
HEAT (B13B). (HAFE RIS, IGHE RS ek 41 B\ 7
K FH DA 2828 B HRE (1M 540 i ) o i g 5 oa 1) 4T
PSRN, SEIF AL RF 40 i 18] B A A AH ELAE A S
HAEENE, N ERT T REENEEE W
5IRZFE A IR ; 15320 /)N B Y o i 25 4 vy
TR, IR S 1 3 M R

ST E , 3DITERRIARHMES) 1 2R3 B AE 2
it KINThRe4Edr SoAdk AR 1 8555 D7 T 1Y)
WEFidE e . SR, BESCI I A TG R N, A7) /5 23t
— DK BT R IR B . S A A N 2% 5 IR &
G DL SR A . ] E A ) ORI A 7 A O
Pk
43 1LEERE

PR 2R 45 B 0 F0 40038, 3DT BRI i i
BA R JUA 45 74 55 158 0 28 (1) 0 JI A R it 1
SRR TR o SR, RRST O IR & B A 0 X
BN HE RS, AR R 5 3DITEN &5 & H &2
T HE FEHIE S D Re AT ol [ U R
¢ # ZWEIGERDTHT 7T A1 BA U5 N 2K % fE 141 fid
(hPSCs)JRIEMRHRANIE I A, FFIE L XU Wntf5 5
VA S 1O R oAb, D AR R 2 HL e FE 4
IO EFE 102K %% B (heart-forming organoid, HFO)
(KI3D). ZEABEASOIE. NI AT
WIEJZ S5, ATASADL B0 I 5w I i R % &
. 20194, DLEAIR 22 50 H 88 2 SR UR 4H i R
DT B Rt 5 b P e 0o i, JFL 85 A VR 5 A L
M OZEALLE, KT B SO, &8 ket
7O SO S K B 7 A2 SR %0 I
IE A5 R A M 4 e 77, ek Se Bl R B
FIMIIRETT, A~ A HEHERE K 7 1) FEINBERGHUR it
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FLIAIBA SR A B AT N 227 KB (freeform re-
versible embedding of suspended hydrogels, FRESHs)
ITENHOR, LU R 82 B s80K, SEDL T B4
BEEROIENZ REERUITE, NaSIHE R
BTG, LU E AR A 1 A A (K3C).
LEWISH 7 [ B P & ) SWIF T(sacrificial writing
into functional tissue)Fi A, 7 7E = % O FE 38 B
o) S R R Jo o T BNV P I SR KB IE , 5 BRAT
ek Y 2 SR A S TR P RE R P LA P %, 2 3 R T 2R
WE AR S AR I(K3E).

SRTTE , 3DIT RO DR 28 B B B Ak 46
FUiE s MR KPS TS 1 5
BERE . SR, ZAHTFTENH) O IE S & B A4
B8 AR A B ER R ZE . TR ROR A .
7t — P O YR R AR 2 T RE TS 2 o< B Pk
0, T2 BAF I AR T DR I A 0 2% ) s DA R
51 AR MBS RERETE, W LR RS G
JRAR H IR NP PR A% o A

44 PHABRE

TE7IE IS4 B FLOUE, 3DAT BRI 5] N
FHES) TR E KT BT A AR R B R, SEI
THRRSE R AREE RN 5825 DI RE I 2K 1 21 21
"4 Hi. BRASSARDA 7T BBt | —Fh bR A7)
FTEN4Bh2H 21 (bioprinting-assisted tissue emergence,
BATE)UET &, 120K LRAT 88 B HLRE /1 i)
FAnMAE R @ BT, R L E AT BN S H A
YO E O E Y S ib U it et EANE ISP AREPIA N
HGH R B, Dl AR R R ) T 21, X
eI AN B R TE OB 43 S I bt b B 45
Fay, 3 B3 H v O A IR R S —8 T 7 A 4 A 4 (1
4A). NGNGBRI KL, ELVASSORE
WEFE BB VBTt 7 — AN R S 38 B 3D H R
B R Nk &, FIH LGRS-EGFP-DTR/) B/
W25 4% B (mouse small intestinal organoids, mSIOs),
fg 7 BA Z AR SR XI5 S LT S 4, AT
AR FRBERRS KB B LR R 2%

(A)
[ Bioink A: GeIMA+CS nanowires+BMSCs

[ Bioink B: GelMA+CS nanowires+SCs

U Bioink A H Bioink B

Caaal!
Bottom layer

©)

(B)

Upper layer

(D)

Neural-bone constructs

(E)

NKX2.5-eGF

Pre-set cartridge fabrication

Nozzle

Material ‘C’
Material ‘B”

Endothelial cells
Hepatocyte

Material ‘A’

Material injection Printing

Right CAD model Front view Side view
veiit. Left - o
! vent. Printing
septal branches
-
Sept Y\

Diag.
To vic%v

Right Septun Left
ventricle LAD §-.ventricle

Septat/g t Diagonal

branches branches g

Ar FITEHLG AN RHE A A W S B0 A 005 A RS 23 T LA (I P o078 P60 T BRI 2 2 2 1 1 Y 2B U, B v 0 A 22 FRUBE TN R A 04T
BP0 C: IR AR A K AE I3 DFT BNIR 5 AR 1A i NS0 IEALAES); D: fEmatrigel 5 N A S8 22 BE T 41 SREE 1A, SR8 Ik XU Wnt{5 5 1A 45 S B
) RS, BRI R A EL v S5 A O JIE TR R 25 B (HF Os) )y E: T VT 8O I 2 2300,

A: calcium silicate nanowires-containing multicellular bioinks for 3D bioprinting of neural-bone constructs”'’; B: bioprinting of multiscaled hepatic lob-

ules within a highly vascularized construct”™; C: 3D bioprinting of collagen to rebuild components of the human heart™; D: generating complex, highly

structured, three-dimensional HFOs (heart-forming organoids) by embedding human pluripotent stem cell aggregates in matrigel followed by directed

cardiac differentiation via biphasic Wnt pathway modulation with small molecules'®; E: a perfusable cardiac tissue!*®.

E3 S43DITENE . BFFICAEERE B (IRIBSE 3CHK(5,26,71,74,76]1£250)
Fig.3 3D bioprinting of bone, liver and heart organoids (modified from references [5,26,71,74,76])
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EBEREA (K4B). thah, B 7t 5 AT
BI5GB g oK 1Y R 2R K R ROR HE R 2 T RR BT -4
BLMN, BHREAMUC2ER R E R E R, HREE
K34, AR ) S RS BRI T A AT
TG >90% S T, N RAEPE Iz BT 78 0 254
QS ey =R e S e L

3DFTERH AR K HHES) [ 1 28 2% B AE S5 A v
I DhRE R LA TR A E YT i 0 . 4R
7, BEAE) R B E S8 B AR A i E AR R 48, R e
WA SR v SCBThRE L (k. $RTTH 4T D Ae
FSC AR UL S fife o RS, T 4% 7 T S 30 3 — 28 R
i o
45 MAFE

28 B F B AR — KR e
B, RN RIS S B RS RE INIX (RT . i
Ja i), (HEEMIAEAE T DUt o — 2 X IR S PR 2R A%
B, W AN S A B (O B o+ e 27 ) A R o 3k
(human cerebral cortical spheroids, hCSs, 2f J i 2H2R),
TR AR R F (4 TGFB/Wnth il 751 ) 7€ 1] 15 545
SENNIX K E ; 5641 3DFT BV AT LK Xk 7 12K
BRI e AL LS IR R A R A B TR
ARSCHETTTH, R 3 22 BE B S BB & 1 —
ICRAS I 3DAT Rl 428 1, T 3o & 2 I 1Y)
TE SR SIS Has 0 52 322085 B AL ADL R I 2 #4581
ARKIEE, FF RVERHE KA AR T 52 U5 i 20
LR E o W R I 7 T A DU R A afiL 44 75 =
774k VID(vascularized induced differentiation) 7 224
ARA RANH 7 RS EZOIRIE, JHEBIER T T4
1t (orthogonally induced differentiation, OID) % I 5
T I A0 J2 5 28 2% B I PR g 2, O AE Tl g A2
N5 T 2 B8 T4 g (human induced pluripotent stem
cells, hiPSCs)H 3 il i 1A 4 5 3[R T, TR
T8 IR o 1264 T K hiPSCs[Rl 25 3L AR 2 41
T 5 I8 P R AR, Dl g L R D Re AR I A
2K (R B2 5 S B O (J14E)

3DHT EFFE AN il 2K 45 B A 70 1 B BE AL 25 14
IR BRI, R T e8RS 1AL 8 R e i X 4] 20 51
PRI A B BB B o SR, B L IR S K 1Y)
RIRGE MM m B IIRE, AR KATY T AL 05 A2 Bt (an %
G2 EYE S IR EE) . D RE RS S (T I i 5F
By FEYE B ) S S ARG B VG 3 A5 U T U AR AN 14
N

4.6 MELXRE

FERMR R AR B R, 2R 3DHT B A v
A A R 20 0 2R 2 5 R 5 AR M s K By, RERE AT AR
FUR IR FOA 15 (tumor microenvironment, TME) 5%
PRHIE . EFUIIE . WA B SR, 3DFT B
0 Job e 2K 2 B D T MR 0 M 5 LE R R BT A Y
MEAER . 299 R LB R A PEAL IR T HEns 4
THEIEFE. KANGHI BT K T — ik AxUE
VT NSNS , ¥ B RIS B s 4 B 5 BT
FAEIE (~7.5 kPa) K BEIR Eh IR 4 1, TR RURS 28—
(45 H s 2588 B BRI . X UKHIE 7 [ A B4R Y T
PRI 2B CFERE 2 ) ) 32 25 L A 194 245
R B, SCHRIEE . T8 R A 2R A
KRG IR(G30R), R TG KRG EEREE
L3 (P 4F). HEILSHORN B BIMF & T 2% 1] &
ZAA B F (spatially patterned organoid transfer,
SPOT) & , W LUK AR BL I o5 B FEAR A I 2 36,
R T aE R B AEIER BRI 2 HH
A (E4CHIEl4D).

A1) 3DFT BN ACKE [P JRE 28 25 B A T 50 64 40 i
I i B BE S TME . SCHF B & 20 6. THFSE
R 2P I R RS0, ORMHES) T I RE AT
FAMAMEAEETT o SR, BN 76 26 BB AR Y
Vs A 2 58 e Ui AR oA S . SEBLTh RE M 1L
0 R IR S A DA R~ A3 R s oA AR T T X
R

5 BbEk. ATRREL

KA EBOR B 5 0 DhRE, (BAELH
SR DHRERGAE R K R P U T T i i 2 5
Phil, HR IR TAEM oK PERE . FTEIHOR . A5
HEAL TR SACBEATE . B SRKAEAEMIAI . ML
PSR P2 (AR B B a4 SCH) M T RE 51 3 (o ie it i A8 A=
J8) 75 T TR A ERAR, s DARAU IR SR A 0 A1 22 Jit 1) 3R 2%
Pho vk LT BN 5 AP 40 M A5 A (RT3 U0 ), T
DRUETE LU AT BERRARSE AR 52, RUmrSRas B U A1k
ATFR R AR R S B SR 2 R, S BET
B REAE AR FLBR Z AR AL IAURR, 35 it IR 22 57
K, PBAFIRRFEAL . SRA%E Bk Z 1A N A 57 O o 22
RO fha. RERGHILAER), SEREA
SERECAARIS . BRI e A DA 44

BRIFEARTT T BB AL , 1B 5 I8y T A7
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(A) (B)

Stomach

Intestine

Transition

© ) )

Neural assembloid construction

mScarlet (dorsal forebrain)
EGFP (DIPGXIII-FL)

500 pm

500 pm

(E) (F) 4 Dynamic infection
Pooled Multicore-shell Vein
WT iNeuroniEndo ~ WT iNeuron iEndo l
()
Yy @ © 2h ® 2n®

N ¥ ¥ Voo ¥ el ¥

—

Artery

A AREHINE By SR X ANIE R 7 B: AGRNE K 37 B G ATTOC G SR, AT N5 7R6 R I R, mSIOZFARAE JR 4h /Mg e i 1Y
ANFZERIZNZABEE T, C: iU 7ESPOTIE A H 316 J5 Zon B, Al — A>3 1KeGFP TN AR I #h 2045 B 14 5 P> ik mScarlet 1)
BT e 2 2 B A 5 e R AR HOE R, D2 28— 1 =N LR AL A B AR BE (PO IR A 4% 50 AR (G BEHO0) I, 711X
AR, BIASARIF I DIPGALZVAL 53 515K [ FilJgt e V5 55— A7r (DIPGXTIT-P) sl il 7 8% 5 22 1) i (X 45U (DIPGXITI-FL) i & 31 1 — A5
AN H S 1B, B IR S A st TR A M TAI . A SR AT R 2 e AL ) 7 2 X B S A e e 2H 2400, Fe s 7
HA ST I I T s Bl EEHT I8 B K R 2 2

A: the illustrations respectively represent the stomach part, the transition zone and the intestinal part”; B: representative bright field and fluorescence
images showing mSIO buds invading multiple crypts at different Z-levels of the primordial small intestine design after 6 days of culture post-printing!™”;
C: schematic of the potential automation of SPOT (left), representative fluorescence image of an eGFP-expressing ventral forebrain neural organoid
fused to two mScarlet-expressing dorsal forebrain neural organoids®®’ (right); D: representative BF and IF images of a three-part assembloid in which
two distinct DIPG organoids, derived from either the pons, which is the tumor origination site (DIPGXIII-P), or the frontal lobe, a brain region into
which the tumor metastasized (DIPGXIII-FL), are fused to a dorsal forebrain neural organoid™®’; E: orthogonally induced differentiation of stem cells
generated patterned neural tissues with layered regions composed of neural stem cells, endothelium and neurons'®; F: adeno-associated virus is recircu-

lated into a centimeterscale tumoroid by fluid flow™.

El4 SHI3DFTENRG . BuFnBiE 225 E (IRESE 30K [60,78-79,84-85]1£2%)
Fig.4 3D bioprinting of intestines, brains and tumor organoids (modified from references [60,78-79,84-85])

A R ET. —RARRIE S RIS FE, T RKPLIZZ 2B E RAEY) 3DIT IR S E
A /2 BE T AMORIE T AT S 1C BV, HLALARTR IR s, — BB SRKNIT K, MBS
RGeS B A RERR(BE L. mk. vaI7), fegilE s Bk MR KRR (TR B /pHEBURY), KLy A1k
WHEAHELGE T . RSB BRI, ReSEHN RIS SEERERTES. REEZEAR
PR — B AR5 R, A BRI XS, ATRES S, BE T 6, NMATE 8 BN Sz, HaEE =i
MERE MR . = RBARREAEMGEME, N FWS, BIE IR/ 24W5IE LA B R AR M
KB EFREE R MRESI KBRSV H L HAUSHE S SR T ENS 5 (s A0 51
ETHAN, W B RT Pd. DREERE ). BISEESEAERAT Y, JRIE M A Y
BB, R EEORRE LY R, TS, Bit. —RAsSMbEhER RS NAE, MRS
i ST 22 2 AR BRAE 2R T A B A B B Z TR BITET &, A NONERIEE S, 2
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THLIR — 8tk . DURACHIGHE, 752 @ RHE
b ENAE N IR S Y= SN O U R S SR NS
] e U, G028 2 B <5 U A

S TSR AR B ARV 3DAT ENFEARHEAL . ThiE
JI A PEE R RS ) 26 S5 7 T AT W 0k e, L i o
REM RN R A ROK . B RES TR E T 6 UL B 3l
B TR SRR G PO R e , 12U AT B AR OK
204F SN E R IR o ANHESEE 1y JEE 1 A ) AR AL 0
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