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IaFti)iE (additive manufacturing), SRR A [E] 44
H A G . SR fIEBOR AR, BRI iE 2 DLt
HAL=4E GD) MR AEA, LLEE BNy %
il 77 ) = 4E L AR S R T B [1,2]. H 2014180
AR —AN3D g R i 3R J= 2 i 77 X Dy A B A
T ) © 28 R Tl AR P2 FIR} 25 Bt 58 A3 1) — Bk
FHSCHP T ER[3,4]. ETHMEER T, &FE. W
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TR R AT B TR E 413D S5 [5-8], HAE &
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VRO e 25 55 RS 3 52 AR A4 22 7E = F 19 44 1] 3 41
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ARG PR AR ) K -

s (microfluidic) A& —M A AERRHEIE (L
FEJLEMCK hEfRERA GER ~N107°~10 " L)
HIFEAR[16-2010  FH T At 4% F A I8 44k 32 1] 1) 5
PR, FLTE R 5 % 5 1) TR It 458 VB / 48 24 7 T ) I8 FH
Wi 25 T IR [21-24]. Ik XV /47 4k R 5% 0 3
fi. HES, BT LA AN [F] S5 0 FOR R B 3D S5 44
BEAh, PR AT Y R B A I T LU
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HA LY A 45 [25-27]. DK, midE,
SRR RN RS 2 RS HE S5 000 35 Aokl 42 R AE 12 3G 4
USRSk A, H O T4 . AU REAN
BT I [28-30]. ML RN, XRURIEEOR
15 3G i) i 0TS A 2 P BIDIR BEAT AT 2554, 4 BAY
AN AR 557 BOBIE T3 R U2 A6 2L

ARSCERR T A% B AE = FH 1 A i 3 400 1) 5 B
WHtdt . Hoe, HA TR TR EOR I R W2
HABREAAR I HIETT 3 LA R S5 R T 2T 4 i 1) 2%
FBOHG . HEBNYESE; HIK, VAR T A
T AT i A I P 1 A 1) e A0 P AN TR S P, a4 L 1
PEIDREIR. AN MARIRTTSE; Ba, Wik
T TR BRI B P M A 1] 3 AR R R THT i (1 Bk ik
55 AT 5

2. WU R E S M S U I A

TR B ASE — PR ST @ T8 oA 31T R 4t
BEAE RIS B AR . EH 20 8 704E AR 4% H oA 17
Pk, ZZHRHEARRE KR, HIZWHHSIER LY.
5. BE2E. MPRIRLE . LN TR 240
W [31-36]. A% F S0 BRAR B S 8 o - B
A REOT T AR M ) A 0 O B DA R i 3 1 TR A8 PR AR
R AEH IR AE R GRS A ) B A
IILSERE oAb, TiidE KRG s E LR T £
FERAR I SRl s FOAR ELAE L, NI B8 44 2 2 A (1)
RIAFR([27,33,37,38]. [RlL, fumisioR e A e s
TR ST 82 2T RN S5 1) IO AT R 2% o

2.1, W AL I R B L

TE R EAR P BB 3, R 7 L
R B NAHA 2 A (B RDESEARD ik, 6%
AR R R B BRIV (21,390 Y0 G 1t 42 25 R I Ve
HA RGBS BRI fil & e W
PR 35 A TC TS el o . DR, AR AT LUVE B4R
RSAR B B2, TERPRMEI & . 1b 2= G . Al 7%
47 THI FL A B B AN R

ZRAPR AT T HEE SRt A, B R, SR AARRE
A, B OAEEEA R (PDMS). RIAE[40-43]. 7E
BiRA R, B R PDMS BRI EANE, wiE 1
(a). (b) Fi/R[42,43]. 19984F, Whitesidesi 4 1 &
—NPDMS LN [44]. PDMS S il 1118 W 75
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BLUR P ok, bR ARz BAREL (a-D)
~ (a-iiD) [ESCZIR R IE G5/ BERG R, IR A
PDMS i {8 N\ BERR A A FLIE I IR [T Ca-iv), (a-
V)]s #eJa, PDMSEHIRES S /EFI AN FE 1 (a-
vi) ]. PDMSZ{FHIMEEA . 5k . R rIAE A 22 vk
A B SO s A AR B2 R . SR, e 4k
(2D) Rk A HLVE T A 2 I R0 TR A8 3508 DA K sy J T
ARSI T AR AN Fik, Bf
3D JUART TR R AFH AR e 0 T v 7] 1A 1) 30 5 = A A o 51 Nl
Wi B A ERE R [42]. X Led H B A 5 AR iEiE
S5 T ¥ 360 4 P 38 1 B 4 S A 2H R [ T (b)) ]
A% — RV P EAME B (b-ii). (b-iii) JELfEH]
FEF B[ (b-D ], ATURMFEA R, WME E
B EE: (im0 K. BREAEL
AR A AHIX PR B R A A L I 2 52 B BR
B, F LA ER RSB E R BRG] e IR A
o Bk, NARYE A F E OGRS B RO AR A o

TEAL @ IE B AN A (R IR AR 7 J T Ak A2,
FAETRARBN SIVE R IR » TR IR /N S A
AESNEESZ R AT S EONR AR TE B sE R . Tl iE
FITEARFIRAR R, BLE IR T A IF BB AR,
XU R AT N R . BRI IR LR Bh R
FE55[18,27,45]. 1 (o) [45]1 R T A8 e i) g
RUBIRAR IO LT S5 Ky s o B B0 TR 0 i 2R AR
b, AR 140 L ART &85 A4 5 B30I 3 R ) 1) 5038 AT 77 2R 4
ST » (EFRTISK TSRS T, 43 HORE 78 18 38 AR ity W7
SRR . ERTREE R CEWRIANTRZ DR ED,
PR LLO~180°  ff FE43iit, FFEAEAS FRALTE BT
STHCHTEBS V) e R HE N RS AR@IE, B S TR
J 7100 R 2R RSB o YA A 3 Ik 4L () Al 0 SR
XL IE A PLAZ 2D (PDMS) 53D (BEHEENE) [H4H.
IR U 5 R AE L, AR 7R IR 2h SR A0 d i — A
B X F sl . T WAL BT R EEE R, W)
RS FE R EE R 7N

2.2. BRFLIRN 22 4155

BT AR PR O AR, I FEN B0 B AT s
THRSE S5 RO S5 A L SO AR BEAT T 0T 9T ] 22
K, IR VA FEA EHE AR I8 TE, TR
RO B LI RS RTSR S ASRAS F T 4H R TR I
TR . Liusg[46] i 78 R0 AR 7 B — LTk
GORRL T, PR T ARSI RN ARG BB
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o (i) , layer (u) (iii)

iPDMS//E PDMS /l EPDMS/I
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Discrete phase
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== | Discrete

Flow
,_L phase
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Contlnuous phase

(c)

B 1. o EAOH d a5 2 . (a) PDMS AR &R w/E P BR[43]: (b) BIEBANE R iz S AR [42]: (¢) fEPDMS MG BAME &

J e AN IR TUART 45 4 B B VT [4 5]

ABOGT itk (PO T#fA. H52DRFFRAHLEL, TEAE
5 TR A A A 3D TEAR[E2 (a-D) ], X2 H
Btk bR TR IR A M R s SR . AN, W2 Ca-id)
FizR, ZhengZ§[47] i ER B G IREN, TR T
FHTHEHE . RrDUFIRE I8 2 PR BRI 4 e (CTC) DRk
[P PC Ik A o

ik —SAAEESL, KBRS 2 F T i) 3 40
TREAA, W EERREN (48], PAKL[28]. MR ERE[49]. B
2 T FE[SO1FISETEAE[S 1] X iR AR T LLE L B 738
e WS SRR ARV VR DA R R AR (UV) R 25
ZROTEREAN . EAARI RS AR, FLER AR 1

AenT LU I A i ds @ iE RE . sl BRIk AN
SEHRE R . Segura S [S2 1M T iE % T
HEZBER (W) L 8- L3 (PEG-VS) Figif
R B DR ZEL RS ) P R S AR T 2 (b)) 1. 4R B R P 7E T
WARRM, JEEA SRS S R R ). (EAT
TERERAL, AR TT DUZH 2% BB A BT 78 TR R B ik FLoRE
TBE,

Y B b B TE AR AR I R T A, 38 AT ATE /KRR
AERAAFI R & <Ak A, GarciaZE (5318 H UK
FHARMNIE TR 1537 2 A4 M 5k PR 58 R 4 1) s
[E2 (o) 1o AATTIESE T sde i nT $i2 i AH QI PR 40 Can
O\ B 2 M A TR FE R T4 ) TR MR, TRk, ME
SR 230 Al 2 A 1) i P K SRR B RS T k. B
ZhaoZ5[SA1RIHIE LA (NIR) i B /K B T & HL 4
MO AT R IR AR R G, WE2 (D) Fin. KEEHT
A R i AR A SR T LAROSOE £E A6 R L
o, AT B0 e 7K R IR PR WS A AN AR AL

SR IR TR Ak AR U 200 e 5L 54 G 0 Ak 4 i
AEACLRRI VS 1, T A A S R PE R T AT T DR 40 P 4 52 B
R RGN o IR ey s E T AR AARTE /D BRI AR Y
R R IR

FH 22 NP AT 8 AR B B L VRO 45 2 I o) wioE
T, BTLA A% 22 SR . ASARIA I ORI AR BB Ak, (R
I ROESAI A . TR S B (Re) BUK, I
PRERFRZ RS . BRI, SR T B A2 HR e i sh A
2 SHOBAEIR S, T2 SO TR G DA AR a1 15k
RE. B, CHRAR R EOE BT, 2 I R
SR ABGE . ST IX e i, WeitzZ5 [55]i@ L N H £ A4
VENIEIE H) £ 2 B EAR 3 () 1. RS (Ca-Alg)
PRI AL T T ) 8 S A TR R B R R T . A 53
IX T AT DA N — PR E S gl KT b, A T4 i IR
AHELAE FH BT 792 i B AR mT B 2% S5 0 B2 2 1
Z FIEAR . Zhao%E[56] 5 FH B E FEHI MR IEHIAR,
FE AR R B AT 2 R 5 A AT R FL I 4B B AR AR, fn A3
(b) Fi7~. Zhao%5H] AT 4ERE 51 Ui 2% 2 S W00
FITHET 4. T8I 2 BR A R AT 4k, MR HLTT &
T EA KL Z EEMA . 53A RALAREAEM LT,
KAUERARTE A A 35 75 ok R TSR 7 R 178 7%

2.3, I 22 L0

ERAR e B LRI AR AR A R e AR B AT ¥ %2
Peri, EE TR S5 g BR 1 T HAE BE L1 DL T (1
e BRIk, Befsilis 454 38 2 2% MR L oy 2
W2 g, R UAARYE 7 R AT XL R B % L
VBT -
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W Ol emulsioin oil @ Celis
+ 4-arm PEG maleimide @ DoIT © RGD (or other ligand)
“e
e X
T :
Functionalized
macromer/cell +
solution ‘l—;.e_, ,_f_
------ 0
o +t 0 o O
L o
Polymer droplet ol
in DTT emulsion .‘.
o
Encapsulated | |5 0
O

cells

(c)

B2, H i — PR ) £ R AR . (a) PCHERAAR[46-47]; (b) PEG-V

BRI AR[54]. DTT: —Hi /5 pERE; RGD: MR- H 2R - H &R

TE S LR T B 2l |, SRR ST A
1k, AT LA & B LR XLV e W LR R
YR SE B SZILR, W4 (a) [STIFR. B, NS
A I R i = AR ALK LG SRS IR A T oK
MO T I, mI & B NAMEB S
ZALMEAT LY R G R RIE R, T 3D R 7.
Z LA AL BE AR A0 A AE 35 7R I A2 AN B2 BY ) 5
W, T H oY 2 A BRI R T R AP BR
TAESRAER R R, 4E AL TT DARE 2 R L A% - e A
T B 7K B PR Al A oy, 3 P A A e 2 T UL R
). 4 (b)) [S81T7S, ik 20 o A 60 M7 Bl B AR 1)
oo, DUIRAS T ML B A i . 3X Se B a5 5 i
I A 2H 3¢ s 3D ML AL IRE, TR T AL . oK
BER AR AL, A% - 7 ok B A 8 G () 24 i 34
K4 Ce) [591 M 1E B AR 7K ol FI il 28k Ak v 35 73 D IR B 40 L
S 1EAZ - 7 AR Hh 8% 7 1 IR 5 AR M P B, 5 SRR
Ja & B RAF 40 v DL e B R IPE . BR T
] 745 R 7K B TR A s A% - SRR AR B AZ Ot P DL AR
Kang 55 [60] 1 21 ffl 77 5 55 Fe i —liE AN, Rl
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Degradable crosslinker || Bioactive 4-arm PEG
= Vinyl

s
s Substrate
ko " @K

S —. =
\ o—" @ Fluor It @rcD |
1 1[ Oil + surfactant
I
= !ﬁﬂi@ﬁ-‘ -

PR

”’E" Scaffold and cell

Scaffold and cell

Annealed scaffold

Syringe injection

Shape moulding

()

STEAM[52]; (o) BA AT AN RIA B A [53]; (d) NIRJGH /K

) FH v 5 TR 2 VS VR U B A B A 58 ST N DR R L
TEAZ - 5 T ER A B A% O v 855 5% 110 248 LU TE 3] 4 7K 5 s 1l
WK RS TR MM A 5 RAE K4 (D], XX AR
BT 2 A R

XM AL, 2 B0 T DL 2
R B AR D AL % . B4 (e [601 N B AT =4
X = BRI IR IE R E . Kang %5 [60] F X — &
H R, AR O TN, R o,
AhsE T AR D WAER TR 2 D R TR EL 25 W)
3%

3. PURIE LT L TE R BB A IS USRI A

3.1 iR g 42

i g7 L AR TG R A AR, 40/
SERILF YRR G, HAE R B A% 07 i 5 B SCdR
BB TIAZ BORTEAU[19,42,61-64]. WIS () [62]
P, R AR AT 4E i 20 A R B AR B Bl 7
REEHLZ X BEWRAIATR=Fr. Hri, 70
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B 3. AR a2 B i % 2 SR . (a) PDMSIEF[55]; (b) JHFRS
BN [56].

TR M AT ARG — AR A H N BN T2 T
Ko TR, WA (B FIsME (58D s
AR B I A S P Al TE AR O B AL AT,
RRIFEE . K IESH, DRI U S
SN AARTE S @ R sh . BT AR TR @ P 1
VBN, TUARTE IR IE PR AR 2R 2 TOIR A T i i
TR A, PARFI AL 2 6 T P AH ST AL 2218 4
B JETRARSN 1%, WARRATE B ERhEE 1), T i
DA JEEASE [ b 8 H 1 HE AT 4

M T MR A4 B MR S 2, RET R
9B SRSE I RN T M B 65-711.  H SR UM
B ER . EYRIR . TR PEA B E 2
DLE R R B 1 BB RN AF- 4 2 1 S5 i A k. 2 T
MR Rk 228 B, AT T L A 7K 5 s X 245 45 44
() e P AE AR AR AT 4 . BAR AR SR BUM R A R 1
AR, AR RAUR AR SO R S5 A} [ 14 7
— R LIRS T MR E AR
T, NTLA MR & TR, AT Ll i H ekt
K ARGHAT TR . THREFIPERE Z R C R,
RO _HENKRE (PEGDA). RAR-R LR
ILEEW) (PLGA) FZE (N-Sp LN MEIEZ ) (pNIPAM)
IR N T A AL, 1 S RHE [ 46 f5 T 4 T

TRt 9 22 H AR ) 2% T RE MR 2T 4

AN 5] 7 £ 4 4 A S IR AS ) ) e i 8 5 =X, tn S
(O [T2IFIRHINERE . BT BB RIL . EHE
GBS (b-1) ], RG] R FE LR
B, AR ANE IR T 55 B A DUR R T 25 1 48
GER, T AU U AE SR T i 7 DA N S [ A S AR 4R BT .
BRI R AT N AR, RGBSR A, R T
F R A T7 AT SRR} B 52 BR T S8 7 i 4 e 75
P B Z AR e . X BT RSO UE, B AR R
SRR Sh I Ca® 2 [ S B R B[S (b-ii) o R
REFRE AR, TR ER AN Ca® o B AL U RS A Sk
TR R O B TE, R ALE P A LA S VA Bk TR) B A A A B
. 58 AR AR, ERFZHEF, iR
RIVE A9 43 S0 e 5 A5 T R A R R A S AR LS
(b-iii) Jo {HAR 4RI, FETH BRI 1 2 5 52 4 th
A5 AR AR P AH 0 A DA A RO AT 4, 3 Rh 7 s e 3
FPLGA X P R A AR LT i A= b S 8. R
TRt B AR AT DA S AR RS R FR L 4R 485 4 [ Ak 2
dt, HRSE. meRm R 2 FLoK BB 45 AT R UT i
A WIAR 25 1 A A T 4 RO BRAR R AN RS 977 B

3.2 A R T S R S5 14

BT AR, A4 L — R B ST
KA, R RmA, A=) LR g T H
52, CLAJEAS A 5 al A AR . Rk, 13k
I FL ) B 2T 24 .7 4 B AT S0 RN 20 2R T RR At 7 7 )R
[73,74]. 1241k, Kead B R IR T 25 0 45 1) 1D 448 i A7
BRI Y 52 B BESR R 22 1 DCEFT 7T . Zhao S5 [ 751 F
T B T A A T A e R T A S T B A AT i T T R e
TIHG IR R AT 4 [ 6 (a) 1o JET AR R AR E R 5L
BANL, I R IR A AT 2 A SR A A B T T e 25 A TR
R AN, WFFURIN, DR A E N IR AR S R ]
TERUAT 24 Wi 2% B v W 52 30 T 41 4 1 4 0P AS [R] [ 9 20 T
A (BHFE ., PIRA ., BRI [76]. W6 (b)
Fras, @y RN ARR S AMER AR P H A, nlk %
VW E— 20 N T R i B A AT 4k 1 ) 45 [ 761 EH T R ARV
N E S, (EfHEE NIRRT AR,
— i FENET Y S A I G KA. X R i
RABREF a2 FH T O ULV ) AR BRI R 3, IRAE
O 2% B E B S A o B VR FH

BRUZTELE R AL, 38 AT DUER R it 42 8 18 35 AT gt A
AT DA TS R G546 B N B R IR 4T 4. Seki&[77]



Water with surfactant ‘
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¥
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Oil solution cells

£
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3D culture

Microfluidic
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Day 1 Microfluidic perfusion device
Bottom-up assembly .
o . B _ . r’\
MR <@
G uinl
S - S
= o 2
HeiE ek
8oL 18
_________ AP=pghh

Alginate Green bead in alginate

1st 3D focusing

Red bead
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Alginate
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spheroids

Fabrication of micro tumors as the building blocks
Day 10
Micro tumor

Cancer cell

Day 4

3D vascularized tumor

2nd 3D focusing

Green bead in alginate
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100 um
(c)

Type-1: microcapsule Type-2: microbead

D s

Oleic acid

Multi capsules

Oleic acid

B4, LWL 2 1 FL 0 A BB 2 A . (a) ZFLIRMERAA[57]; (0) B - 7 S5 MR /K BRI MR AR (58] (o) AT ot (R 24 it el 2B Fr) % -

SEAERAAR[59]; () FAT AR PIAZ AR [60]; (o) — HA# AR [60].

Wt T AR L, 12 A =T RIS
AR R R, AR A DR A ) 9 R B
TS e IE N Z B IE 46, SR e 3 R R 1 Sk s
EAAAE R, B RS I O R T LT 4E
(16 (c) 1 [77]o s 4 MR 2T 4 40 B 4 6, 200 T 3 Ao
FIEWREergerh, BRI fai . ke (d)
Jro, Lee5 [ 7813 I — ST SEHL% il 5l 1 L g
LA B AN\, W] B g A A O SR L AT R
FIRA R RN EIRER LT 4. BbAh, WFFEN ISR
AT VAR R R B A0S AR A T 3R T AT TR E5 A 11
ERAYE[E6 (e)] [78], HIWMESS K%L T 1838 JLT4s
YRR 55 2 B B W 3%, e XM 3R T A A R
HIPRET dER IR S Bh T 2 e i i € RS . B Bid
PIF B AT S5 MAAL 2 R BT AT 4E 51, B mT

DL I SO % 2 4028 B 4 il AR AH IR B0 AT 9 LAE B
PRV YE, HETZHE, ZhaoZ5[ 791 AN gy L4 AR
MELFLSIEAT T I WA G, AR T — P £ Bt
Y E G50, X4 B BR AT 4R A B it 1 SEfgl
BRI 6 (£ ] —LemtFt A ik R F 2 9 ) R A0 B
JB (GeIMA) F5)'6 T ARFLA RN, LAAETAT 4 T Rl
HEk, HT3D4uMR:sR. ok, HAhvorrai 4
PR EBRIGRAT 4, Wk S RN R L B I R IR AR AT
#£[78,80].

bR ESCEEDHR SO AT 4E s, — R -7
ghfe . RS EE RN 22 20 03 S5 R B TR AT e A S O .
K7 (a) FroR, Zhao%&[75,8 110 MM LT 49542 &
YN e B R AT OOk, ASIRAAAE F b B 22 AN N i A )
SRR, AR B R B R A 4. B
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Sample
flow
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phase
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Dispersed phase
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Coaxial flow channels
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N
Cross-section

. !
3 L 1
Cross-section > :I bonding |
(ii) S 2ReRonaing 4

o - Solvent flow
o— Nonsolvent flow

Cross-section

__________

E5. BRI 2 AR M 4RI R G- () Stz R PRt ARG S0 5 2 [62]; (b) AT I = F 3R & 05 2 [72]

DA P R V8 1 R 38 O A, 1 L RSN — A B
CaClL, B MIE[ T (a-i) |. HJIEFEER LM 5 CaCl, 41
B, WEEERRERAEN . AP FLHAL R AE BRI SZER, B
BAPABEZA RS AT B S Bt . AR gt
— BT 2 AN SR AT 4, TR 2
B A R UG Pl TE R i A s iE [ 7 (a-iD ],
TEMIE R, AT U R IR AR VA R IR 2 A LA ) 200
NEBE IR REALE L. BT IRARR &S, B
SN AE AR TS N R AR, AR TR T B R T HOR A E
GORAE, A RET 4 b AN [ 2H 43 18] () 5 THT 28375 AT B 2 .
ARRAE, R s A RO A5 58 BN 2 21 o s
RESGMHG, 3B b2 2 4 5 W e P
AT 4E[ T (a-iii) ]o TERIRIE BRI, Hil7E
BARPRIE ARG AT 41 25 B IR R IR T3
4iE, PDMSHE O o —Fgl vz B 4%
PE. WET (b) Frow, QinZE[8214E — Wit 7t It K
T M I PDMS RS B, MR RE 22
ZEFIHOBIE IR, IRl 21l 2 AR A
Yk, IXFC N ETRRAE S R KR S SR A A A
Ere M =R R, S B B E R R E A,
PDMS it 42 8 i B B i Az oe YA ] HE 1 .

3.3. T AT AR A 3D 4t 2544

o Tt defase . S LR AR oy g2 R
U B, B AN IR I T AT e i ey 2k
AT AR AN 2 R 3D A L 45 4 . FukudaZ[83 ]84 1l 1tk 4 >k
SR AL NG ET 4, SRS TERESHIVE R AT 4 R
TESCHERBA G, DLSEBI3D M E8 (a) 1. XA 2Ly
TS SR A D PR A 405 T DA RS AN T, b AL, LeeZ%[84]
FI R 2 g7 2 BR s il & 1 2l 52 MBI AT 4, 2R
S A58 X- Yl T i R Se b T A R R Se i 3D S5 K4 [ 1518
(b) 1o fhEF4Erh MM MRS — BN 9%, H
21 2% BRI A I B A B = KT I I Dh e e e R
Juncker %5 [85] & T BT HMAIEEHSH A (MFDW) [
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[100-102]. HH T HAR B AR R, ml
G TR S B B rT s S 3, FL AR R kAR
PREU AT 4 DA B — PR B I 3D A i R 3= P 5. H
RIAF AN B XA DT 8 T K E RN 7E AR

Wang Y FlWang J [103]H & 1 —Fhi i fimids i 77
s SRR EHE R A AN T3 JE B S BT e 1) 7K 8 s
AT 2% Jir R 22 4 R A4 o K N B 2005 4 B (HeLa 4 i)
FLMBTE R P, M IR S B A . LR 24
TERERAA TR T B He La it B BR 44, 5 T8 22 24 35k
PRTEAR AN AT AR R PE R BE 770 I ol i) 5 e 2 4
P BRAAR P Skt 4% 7 2 R FH 40 B TR A B B e g, b
IR YR TT R I S R 2 BT G . He %5 [104] FH U
WMIEHAG & T —F MG T4 (ES4HM) M-

1417

FEA N REAA, XA TEES 41 M (1) 3D 1% 77 Hh R I
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BE19. 405 F) AT L 3D 5 3R 1E B2 RS A4 3G BUI R ] . (a) ~ () FHJESE R [92,94,95]; (d). (ed AMMBRARIEHI{E[106,75].

(FI3D&EH, FEE IR EE T Be s 238 2N I &Ik P9 52 41 A
(HUVEC) My KB4k 4550 K8, HUVEC
B 7 PR S SR T S 0 P ST, R BT B A3 RN 5 A
S ME AL R E A . B, RS RS X G
SURA YRR T 2 )2 S BN RE S5 8, X AEN A Tl 4T 4
WX 2 H 277 T B A — 2 MR AT 5. BR TR T A
BT 4E R 3D AN A, Wallace Z5[108] 4 Fl 4%
KA E T N7 VE R 8 T 3D 45 i B A [1E110
(b) 1o XFfH HERKIIDEER BAG D EE5H, HEk
AU B A ) 5 AR 2 8 i) JE AR 2 A I A . G 4]
10 (b-iii) fizn, TEZ3DEMB BN T 2 EME
(o] 2%, HES)) 1% i EB 20 5 R BILEE 5 Kk 27 > A e A2
LI REAH 5% A 5T

4.4. AMHIRIT

LT B A L ) Tl el A B Ak 2 A e S K PR A
Bhy AEPIE YY) BCE VAT A IR T R N T R R
fE. 5 DS A R A4 109,110]. X L7V RERS
SIS TNRE, TEMAIRANJ7 i B A B KR S
Ao DRI O 6 7 V2 7 K — 4003 1) 8 P B SR 1B 52 1) A AT'D
FIEEAL, S IAH IR T R R A 44 7] 1

Takeuchi %5 [86 148 1 f1 2 AH M Ak 41 4 7E R 2= R A
HROYR TR LR TR P o ARATT S T R R R - B R L
THRH M 2% (IPND 7K 5 i 2% 47 80 T 5% 248 A A 1l

oroE, LAREGLT YR AR LR AL OB, R LR 3 20 i e 52
G Bt . BRI, AT TR A K B s L B 1) 90 3 i S A
U PR 0 T S A N B PR 5 /I BRAAR P, /0 BRI IR P 5 W
WA IEH . MM, BN BRI T E
JRAHE B A E AR AE . X — S5 FAESE T R R
AR 5 48 0 PR B 21 4R 6 B PR B IR JT RE ). Zhao%
(LT3 T — M R et 4, st REBEIE
Z8 (MOPF), HFHH@EAIEIL0 (o) ]. fEiEd iR
iR B K- S5 W I PR B AT 4 i FE e, MOF
TEJFEAL A T o T 4 v B mT 4% I A% - 53 45 1) M8 15 67 3%
FIMOF A 45 5 A HbRE 5, AT B AT i B AP e L g
YN R T A ) P TS IR P T B R ) 1 TR 1 /) BRASEY
IF, OB AR B BB T AR AR AR I 4 A S A
g T HL AR, BT R A B
H, Segura®§[521i&TF K | —Fhidg @I 7%, BAZK
PR T Ba A T v S A R AR S5, RN LA I% B
iAo A . mE 10 (D [52] TR, FH
GNP A= 45 R IR 43 1 A Tl R ) R R A X R
5 1A ()38 5 ER 3D 45 A= 45 RSS2 Hh Al R AL BRI K
INRE

B3840 R R AR R AR B 4T 4 L& AR 4l i v )T 7 T
JEILH — 8 IR P AT 5. 45517 2 %) Sl i Ak B A 4T 4
TEME NN 5 B8 0T B R, 15 200 B 7 A4 P9 R
i, AR R T4 (HUCMSC) fEiES4 d)s



£ Cell beads 3D tissue

Mold Culture
» ’ elease
PDMS mold chamber
0 h 17h
K
r
—
]

Control

Copper-MOF
.

Zinc-MOF
/

Combined

]

Combined  Zinc-MOF  Copper-MOF Control

(¢)
E110. U @M A YT R S T IR . (). (b) ABUAH[107,94]; (o). (d) G EA([111,52]. MOF: @A 4.

EI M A OB TRCHE R, R TILHE R A %) 1 E A  A
HARESI[112]0 T8k, S8 40D ) 28 A sl 21
P BA BRI A, 2RIz fHias T 1
Wgr-r G . 28 Eprik, EThRed k2 m gL
T4 R AR D PR DRl AR U 2T 4 A 20 V7 R
AR R B AR O A

5. 24E5RE

ST A7 B A IR TR T 2 R B A A B
TR P AL R PG4 ) e U B I EAT i - XTI
TN L BRI R B G 4R, IR 15
TR BOR IR R IE A S5 I TR A Gl et 4 i A
G IR AT TR SR R AR RN B AT SR AT A
S R SR 2 3D A L 45 K 1R % b 7 . B B L I
AR DAL YEEAT R IOHUBIERE . 0 THRE A A YA
B, RRK A E . HMIR3DR IR I
ANAN G T S AR 2 Z BN -

JUE PR HORAE B2 P M 36 s L IS T A
DIFEITERTECR, (LR} 2 [ R SR 7R 2 vk HZ o
FHIAAKZ R RSt EEW R LUF =A@ H

1419

Layer 1 107 pm

(Cortical neurons)

Layer 1
(No cells)

Layer 3
(Cortical neurons)

(i
(b)

MAP scaffold No treatment MAP-K, -Q Non-porous  Precast porous

Day 0

Day 7

Wound traces ‘ Day 0 . Day 7

5 5 5 5————
. L. F.
[ _ 4 ;
0 50 5

0 0 50 5
Distance (mm) Distance (mm) Distance (mm) Distance (mm) Distance (mm)

Distance (mm)

(d

—, HRAARRUE. aiMRIMEIRE RSN Uik
3DAHM LA RE ke RSB T, AR & T Tl 42 2
B AR, AT AR G A R AR A i s 2 ™
WPk . SCHHEE], PDMS IS B 40 8 2 G 4%
B B hCE AR BT PDMS M B 28 i HAT B
A B DR B, T s P 3038 B A A 3 R i 2
B R REE 2 A M O R 2R IR . AR R
T I HBAT ARG &, WAL SR — AR
FEAE IEE, Iy RA R IR A GE A B A i L
B A P 3R T e, N ARSI 20 3D 45
F) 5 R N R OR G IR0 2 TR AP AR ORI 22 5. — 7 THT
EARIARRSE . TR HEBIANGE & 7 5 557 TR AR 4
LU AR RS 5 ZEAT H EOR 35 05 5 — Uik, Ak
TR SR 0 200 0 1 PR ELATE P 4 R A P9 2L 2R A PR T R
TR EEAE ], AR TR S N iE A
RARMGUEIA R DU G B AR 3R . =, HATT
LG 7 A TR VERORS BE AU, A R R
MNP TTHIFAE R, o 5 A B ds e B . R
YI3DAT BN — R BAT ) R B 5 A B A% A4 i 2 A i 21
U T7 A AT B A Bk A M3 DT ERHL AR O
S HEAT 5 e SR BIN 22 R AR P SRk . Bk Bid =



1420

AT ER AN, KRG )T DT A 4 A
WA . TR TIT R, SR 38 Uk
PN R P R FEELASH U1 o

L]

AW AR B X E SRR E R
(2020YFA0908200). [ HARRL¥H4: (22002061,
52073060, 61927805). L 77 & H R B} % £
4 (BE2018707). VL7548 &M B4 B 3 61 87 3 &
[CX(20)3051] (1% Bl

Compliance with ethics guidelines

Jie Wang, Changmin Shao, Yuetong Wang, Lingyun
Sun, and Yuanjin Zhao declare that they have no conflict of

interest or financial conflicts to disclose.

References

[1] Mota C, Puppi D, Chiellini F, Chiellini E. Additive manufacturing techniques
for the production of tissue engineering constructs. ] Tissue Eng Regen Med
2015;9(3):174-90.

[2] Puppi D, Chiellini F, Piras AM, Chiellini E. Polymeric materials for bone and
cartilage repair. Prog Polym Sci 2010;35(4):403-40.

[3] Cruz A, Cordeiro C, Franco M. 3D printed hollow-core terahertz fibers. Fibers
2018;6(3):43.

[4] MacDonald E, Wicker R. Multiprocess 3D printing for increasing component
functionality. Science 2016;353(6307):aaf2093.

[5] Hermann S, Wolfgang R, Stephan I, Barbara L, Carsten T. Three-dimensional
printing of porous ceramic scaffolds for bone tissue engineering. ] Biomed
Mater Res B Appl Biomater 2005;74B(2):782-8.

[6] Zadpoor AA, Malda J. Additive manufacturing of biomaterials, tissues, and
organs. Ann Biomed Eng 2017;45(1):1-11.

[7] Chia HN, Wu BM. Recent advances in 3D printing of biomaterials. ] Biol Eng
2015;9(1):4.

[8] Ngo TD, Kashani A, Imbalzano G, Nguyen KTQ, Hui D. Additive
manufacturing (3D printing): a review of materials, methods, applications
and challenges. Compos Part B 2018;143:172-96.

[9] Norman ], Madurawe RD, Moore CMV, Moore MA, Khairuzzaman A. A new
chapter in pharmaceutical manufacturing: 3D-printed drug products. Adv
Drug Deliv Rev 2016;108:39-50.

[10] Godoi FC, Prakash S, Bhandari BR. 3D printing technologies applied for food
design: status and prospects. ] Food Eng 2016;179:44-54.

[11] Suntornnond R, An ], Chua CK. Bioprinting of thermoresponsive hydrogels
for next generation tissue engineering: a review. Macromol Mater Eng
2017;302 (1):1600266.

[12] Gu D, Ma C, Xia M, Dai D, Shi Q. A multiscale understanding of the
thermodynamic and kinetic mechanisms of laser additive manufacturing.
Engineering 2017;3(5):675-84.

[13] An ], Teoh JEM, Suntornnond R, Chua CK. Design and 3D printing of scaffolds
and tissues. Engineering 2015;1(2):261-8.

[14] Woodruff MA, Hutmacher DW. The return of a forgotten polymer-
polycaprolactone in the 21st century. Prog Polym Sci 2010;35(10):1217-56.

[15] Miri AK, Nieto D, Iglesias L, Hosseinabadi HG, Maharjan S, Ruiz-Esparza GU,
et al. Microfluidics-enabled multi-material maskless stereolithographic
bioprinting. Adv Mater 2018;30(27):1800242.

[16] Seemann R, Brinkmann M, Pfohl T, Herminghaus S. Droplet based
microfluidics. Rep Prog Phys 2012;75(1):016601.

[17] Song Y, Michaels TCT, Ma Q, Liu Z, Yuan H, Takayama S, et al. Budding-like
division of all-aqueous emulsion droplets modulated by networks of protein
nanofibrils. Nat Commun 2018;9(1):2110.

[18] Zhu P, Wang L. Passive and active droplet generation with microfluidics: a

review. Lab Chip 2017;17(1):34-75.

[19] Shang L, Yu Y, Liu Y, Chen Z, Kong T, Zhao Y. Spinning and applications of
bioinspired fiber systems. ACS Nano 2019;13(3):2749-72.

[20] Li X, Jiang X. Microfluidics for producing poly(lactic-co-glycolic acid)-based
pharmaceutical nanoparticles. Adv Drug Deliv Rev 2018;128:101-14.

[21] Xie R, Xu P, Liu Y, Li L, Luo G, Ding M, et al. Necklace-like microfibers with
variable knots and perfusable channels fabricated by an oil-free microfluidic
spinning process. Adv Mater 2018;30(14):1705082.

[22] Song Y, Shimanovich U, Michaels TCT, Ma Q, Li ], Knowles TPJ, et al.
Fabrication of fibrillosomes from fibrillosomes from droplets stabilized by
protein nanofibrils at all-aqueous interfaces. Nat Commun 2016;7:12934.

[23] Duncanson WJ, Lin T, Abate AR, Seiffert S, Shah RK, Weitz DA. Microfluidic
synthesis of advanced microparticles for encapsulation and controlled
release. Lab Chip 2012;12(12):2135-45.

[24] Song Y, Fan JB, Li X, Liang X, Wang S. pH-regulated heterostructure porous
particles enable similarly sized protein separation. Adv Mater 2019;31
(16):1900391.

[25] Zhao X, Liu S, Yildirimer L, Zhao H, Ding R, Wang H, et al. Injectable stem
celll-aden photocrosslinkable microspheres fabricated using microfluidics
for rapid generation of osteogenic tissue constructs. Adv Funct Mater
2016;26 (17):2809-19.

[26] Luo ], Meng ], Gu Z, Wang L, Zhang F, Wang S. Topography-induced cell
self-organization from simple to complex aggregates. Small 2019;15
(15):1900030.

[27] Shang L, Cheng Y, Zhao Y. Emerging droplet microfluidics. Chem Rev
2017;117(12):7964-8040.

[28] Liu 'Y, Zhao X, Zhao C, Zhang H, Zhao Y. Responsive porous microcarriers with
controllable oxygen delivery for wound healing. Small 2019;15(21):1901254.

[29] Chen G, Yu Y, Wu X, Wang G, Gu G, Wang F, et al. Microfluidic electrospray
niacin metal-organic frameworks encapsulated microcapsules for wound
healing. Research 2019;2019:6175398.

[30] Liu X, Zhang H, Cheng R, Gu Y, Yin Y, Sun Z, et al. An immunological
electrospun scaffold for tumor cell killing and healthy tissue regeneration.
Mater Horiz 2018;5(6):1082-91.

[31] Whitesides GM. The origins and the future of microfluidics. Nature
2006;442 (7101):368-73.

[32] Stone HA, Stroock AD, Ajdari A. Engineering flows in small devices:
microfluidics toward a lab-on-a-chip. Annu Rev Fluid Mech 2004;36:381-411.

[33] Liu D, Zhang H, Fontana F, Hirvonen JT, Santos HA. Current developments
and applications of microfluidic technology toward clinical translation of
nanomedicines. Adv Drug Deliv Rev 2018;128:54-83.

[34] Wang Y, Shang L, Bian F, Zhang X, Wang S, Zhou M, et al. Hollow colloid
assembled photonic crystal clusters as suspension barcodes for multiplex
bioassays. Small 2019;15(13):1900056.

[35] Zhang H, Cui W, Qu X, Wu H, Qu L, Zhang X, et al. Photothermal-responsive
nanosized hybrid polymersome as versatile therapeutics codelivery
nanovehicle for effective tumor suppression. Proc Natl Acad Sci USA
2019;116(16):7744-9.

[36] Guo ], Yu Y, Wang H, Zhang H, Zhang X, Zhao Y. Conductivity polymer
hydrogel microfibers from multi-flow microfluidics. Small 2019;15
(15):1805162.

[37] Squires TM, Quake SR. Microfluidics: fluid physics at the nanoliter scale. Rev
Mod Phys 2005;77(3):977-1026.

[38] Atencia ], Beebe DJ. Controlled microfluidic interfaces. Nature 2005;437
(7059):648-55.

[39] Song H, Tice ]JD, Ismagilov RE. A microfluidic system for controlling reaction
networks in time. Angew Chem Int Ed 2003;42(7):768-72.

[40] Sengupta A, Herminghaus S, Bahr C. Liquid crystal microfluidics: surface,
elastic and viscous interactions at microscales. Liq Cryst Rev 2014;2 (2):73-
110.

[41] Raj A, Suthanthiraraj PPA, Sen AK. Pressure-driven flow through PDMS-
based flexible microchannels and their applications in microfluidics.
Microfluid Nanofluid 2018;22(11):128.

[42] Yu Y, Shang L, Guo ], Wang ], Zhao Y. Design of capillary microfluidics for
spinning cell-laden microfibers. Nat Protoc 2018;13:2557-79.

[43] Sengupta A. Topological microfluidics—nematic liquid crystals and nematic
colloids in microfluidic environment. Berlin: Springer; 2013.

[44] Duffy DC, McDonald JC, Schueller OJA, Whitesides GM. Rapid prototyping
of microfluidic systems in poly(dimethylsiloxane). Anal Chem 1998;70
(23):4974-84.

[45] Wang B, Prinsen P, Wang H, Bai Z, Wang H, Luque R, et al. Macroporous
materials: microfluidic fabrication, functionalization and applications. Chem
Soc Rev 2017;46(3):855-914.

[46] Liu W, Shang L, Zheng F, Lu ], Qian J, Zhao Y, et al. Photonic crystal encoded
microcarriers for biomaterial evaluation. Small 2013;10(1):88-93.

[47] Zheng F, Cheng Y, Wang J, Lu J, Zhang B, Zhao Y, et al. Aptamer-functionalized
barcode particles for the capture and detection of multiple types of
circulating tumor cells. Adv Mater 2014;26(43):7333-8.

[48] Cheng Y, Zhang X, Cao Y, Tian C, Li Y, Wang M, et al. Centrifugal microfluidics
for ultra-rapid fabrication of versatile hydrogel microcarriers. Appl Mater
Today 2018;13:116-25.

[49] Yu C, Kornmuller A, Brown C, Hoare T, Flynn LE. Decellularized adipose
tissue microcarriers as a dynamic culture platform for human adipose-



derived stem/stromal cell expansion. Biomaterials 2017;120:66-80.

[50] Siltanen C, Yaghoobi M, Haque A, You ], Lowen ], Soleimani M, et al.
Microfluidic fabrication of bioactive microgels for rapid formation
and enhanced differentiation of stem cell spheroids. Acta Biomater
2016;34:125-32.

[51] Zhou Y, Gao HL, Shen LL, Pan Z, Mao LB, Wu T, et al. Chitosan microspheres
with an extracellular matrix-mimicking nanofibrous structure as cell-carrier
building blocks for bottom-up cartilage tissue engineering. Nanoscale
2016;8 (1):309-17.

[52] Griffin DR, Weaver WM, Scumpia PO, Di Carlo D, Segura T. Accelerated
wound healing by injectable microporous gel scaffolds assembled from
annealed building blocks. Nat Mater 2015;14(7):737.

[53] Headen DM, Aubry G, Lu H, Garcia AJ. Microfluidic-based generation of
size-controlled, biofunctionalized synthetic polymer microgels for cell
encapsulation. Adv Mater 2014;26(19):3003-8.

[54] Wang ], Chen G, Zhao Z, Sun L, Zou M, Ren J, et al. Responsive graphene
oxide hydrogel microcarriers for controllable cell capture and release. Sci
China Mater 2018;61(10):1314-24.

[55] Zhang L, Chen K, Zhang H, Pang B, Choi CH, Mao AS, et al. Microfluidic
templated multicompartment microgels for 3D encapsulation and pairing of
single cells. Small 2017;14(9):1702955.

[56] Wang ], Zou M, Sun L, Cheng Y, Shang L, Fu F, et al. Microfluidic generation
of Buddha beads-like mirocarriers for cell culture. Sci China Mater 2017;60
(9):857-65.

[57] Wang ], Cheng Y, Yu Y, Fu F, Chen Z, Zhao Y, et al. Microfluidic generation
of porous microcarriers for three-dimensional cell culture. ACS Appl Mater
Interfaces 2015;7(49):27035-9.

[58] Agarwal P, Wang H, Sun M, Xu J, Zhao S, Liu Z, et al. Microfluidics enabled
bottom-up engineering of 3D vascularized tumor for drug discovery. ACS
Nano 2017;11(7):6691-702.

[59] Ma M, Chiu A, Sahay G, Doloff ]JC, Dholakia N, Thakrar R, et al. Core-shell
hydrogel microcapsules for improved islets encapsulation. Adv Healthc
Mater 2013;2(5):667-72.

[60] Kim C, Chung S, Kim YE, Lee KS, Lee SH, Oh KW, et al. Generation of core-
shell microcapsules with three-dimensional focusing device for efficient
formation of cell spheroid. Lab Chip 2011;11(2):246-52.

[61] Chen C, Tang ], Gu Y, Liu L, Liu X, Deng L, et al. Bioinspired hydrogel
electrospun fibers for spinal cord regeneration. Adv Funct Mater 2019;29
(4):1806899.

[62] Ma ], Wang Y, Liu ]J. Biomaterials meet microfluidics: from synthesis
technologies to biological applications. Micromachines 2017;8(8):255.

[63] Chan HF, Ma S, Leong KW. Can microfluidics address biomanufacturing
challenges in drug/gene/cell therapies? Regen Biomater 2016;3(2):87-98.

[64] Cheng ], Jun Y, Qin ], Lee SH. Electrospinning versus microfluidic spinning of
functional fibers for biomedical applications. Biomaterials 2017;114:121-43.

[65] Chaurasia AS, Sajjadi S. Transformable bubble-filled alginate microfibers via
vertical microfluidics. Lab Chip 2019;19(5):851-63.

[66] Venkatesan ], Bhatnagar I, Manivasagan P, Kang KH, Kim SK. Alginate
composites for bone tissue engineering: a review. Int J Biol Macromol
2015;72:269-81.

[67] Castilho M, van Mil A, Maher M, Metz CHG, Hochleitner G, Groll J, et al. Melt
electrowriting allows tailored microstructural and mechanical design of
scaffolds to advance functional human myocardial tissue formation. Adv
Funct Mater 2018;28(40):1803151.

[68] Palumbo FS, Fiorica C, Pitarresi G, Zingales M, Bologna E, Giammona G.
Multifibrillar bundles of a self-assembling hyaluronic acid derivative
obtained through a microfluidic technique for aortic smooth muscle cell
orientation and differentiation. Biomater Sci 2018;6(9):2518-26.

[69] Liu M, Zeng X, Ma C, Yi H, Ali Z, Mou X, et al. Injectable hydrogels for
cartilage and bone tissue engineering. Bone Res 2017;5:17014.

[70] Yap SHK, Chien YH, Tan R, Alauddin ARB. An advanced hand-held
microfiber-based sensor for ultrasensitive lead ion detection. ACS Sensors
2018;3 (12):2506-12.

[71] Yao B, Wang H, Zhou Q, Wu M, Zhang M, Li C, et al. Ultrahigh-conductivity
polymer hydrogels with arbitrary structures. Adv Mater 2017;29
(28):1700974.

[72] Jun Y, Kang E, Chae S, Lee SH. Microfluidic spinning of micro- and nano-scale
fibers for tissue engineering. Lab Chip 2014;14(13):2145-60.

[73] Sun T, Li X, Shi Q, Wang H, Huang Q, Fukuda T. Microfluidic spun alginate
hydrogel microfibers and their application in tissue engineering. Gels
2018;4 (2):38.

[74] Daniele MA, Boyd DA, Adams AA, Ligler FS. Microfluidic strategies for design
and assembly of microfibers and nanofibers with tissue engineering and
regenerative medicine applications. Adv Healthc Mater 2015;4(1):11-28.

[75] Cheng Y, Zheng F, Lu ], Shang L, Xie Z, Zhao Y, et al. Bioinspired
multicompartmental microfibers from microfluidics. Adv Mater 2014;26
(30):5184-90.

[76] Yu Y, Fu F, Shang L, Cheng Y, Gu Z, Zhao Y. Bioinspired helical microfibers
from microfluidics. Adv Mater 2017;29(18):1605765.

[77] Kobayashi A, Yamakoshi K, Yajima Y, Utoh R, Yamada M, Seki M. Preparation
of stripe-patterned heterogeneous hydrogel sheets using microfluidic
devices for high-density coculture of hepatocytes and fibroblasts. ] Biosci
Bioeng 2013;116(6):761-7.

1421

[78] Kang E, Jeong GS, Choi YY, Lee KH, Khademhosseini A, Lee SH. Digitally
tunable physicochemical coding of material composition and topography in
continuous microfibres. Nat Mater 2011;10(11):877-83.

[79] Shang L, Fu F, Cheng Y, Yu Y, Wang ], Gu Z, et al. Bioinspired multifunctional
spindle-knotted microfibers from microfluidics. Small 2017;13(4):1600286.

[80] Yu Y, Wen H, Ma ], Lykkemark S, Xu H, Qin ]J. Flexible fabrication of
biomimetic bamboo-like hybrid microfibers. Adv Mater 2014;26(16): 2494-
9.

[81] Cheng Y, Yu Y, Fu F, Wang J, Shang L, Gu Z, et al. Controlled fabrication of
bioactive microfibers for creating tissue constructs using microfluidic
techniques. ACS Appl Mater Interfaces 2016;8(2):1080-6.

[82] Yu 'Y, Wei W, Wang Y, Xu C, Guo Y, Qin J. Simple spinning of heterogeneous
hollow microfibers on chip. Adv Mater 2016;28(31):6649-55.

[83] Sun T, Huang Q, Shi Q, Wang H, Liu X, Seki M, et al. Magnetic assembly of
microfluidic spun alginate microfibers for fabricating three-dimensional
cell-laden hydrogel constructs. Microfluid Nanofluid 2015;19(5):1169-80.

[84] Lee KH, Shin SJ, Kim CB, Kim JK, Cho YW, Chung BG. Microfluidic synthesis
of pure chitosan microfibers for bio-artificial liver chip. Lab Chip 2010;10
(10):1328-34.

[85] Ghorbanian S, Qasaimeh MA, Akbari M, Tamayol A, Juncker D. Microfluidic
direct writer with integrated declogging mechanism for fabricating cell-
laden hydrogel constructs. Biomed Microdevices 2014;16(3):387-95.

[86] Onoe H, Okitsu T, Itou A, Kato-Negishi M, Gojo R, Kiriya D, et al. Metre-long
cell-laden microfibres exhibit tissue morphologies and functions. Nat Mater
2013;12(6):584.

[87] Costantini M, Testa S, Mozetic P, Barbetta A, Fuoco C, Fornetti E, et al.
Microfluidic-enhanced 3D bioprinting of aligned myoblast-laden hydrogels
leads to functionally organized myofibers in vitro and in vivo. Biomaterials
2017;131:98-110.

[88] Chen Z, Fu F, Yu Y, Shang Y, Wang H, Zhao Y. Cardiomyocytes actuated
Morpho butterfly wings. Adv Mater 2019;31(8):1805431.

[89] Zuidema JM, Hyzinski-Garcia MC, van Vlasselaer K, Zaccor NW, Plopper
GE, Mongin AA, et al. Enhanced GLT-1 mediated glutamate uptake and
migration of primary astrocytes directed by fibronectin-coated electrospun
poly-L-lactic acid fibers. Biomaterials 2014;35(5):1439-49.

[90] Shang Y, Chen Z, Fu F, Sun L, Shao C, Jin W, et al. Cardiomyocytes-driven
structural color actuation in anisotropic inverse opals. ACS Nano 2019;13
(1):796-802.

[91] Haynl C, Hofmann E, Pawar K, Forster S, Scheibel T. Microfluidics-produced
collagen fibers show extraordinary mechanical properties. Nano Lett
2016;16 (9):5917-22.

[92] Kang E, Choi YY, Chae SK, Moon JH, Chang JY, Lee SH. Microfluidic spinning
of flat alginate fibers with grooves for cell-aligning scaffolds. Adv Mater
2012;24 (31):4271-7.

[93] Hwang CM, Park Y, Park JY, Lee K, Sun K, Khademhosseini A, et al. Controlled
cellular orientation on PLGA microfibers with defined diameters. Biomed
Microdevices 2009;11(4):739-46.

[94] Yang Y, Sun ], Liu X, Guo Z, He Y, Wei D, et al. Wet-spinning fabrication of
shear-patterned alginate hydrogel microfibers and the guidance of cell
alignment. Regen Biomater 2017;4(5):299-307.

[95] Wu Q, Maire M, Lerouge S, Therriault D, Heuzey MC. 3D printing of
microstructured and stretchable chitosan hydrogel for guided cell growth.
Adv Biosyst 2017;1(6):1700058.

[96] WeiX,WangY,XiongX,GuoX, ZhangL, ZhangX, et al.Codelivery of a n-
n stacked dual anticancer drug combination with nanocarriers for
overcoming multidrug resistance and tumor metastasis. Adv Funct Mater
2016;26(45):8266-80.

[97] Heinrich MA, Bansal R, Broekman M, Lammers T, Zhang YS, Schiffelers RM,
et al. 3D-bioprinted mini-brain: a glioblastoma model to study cellular
interactions and therapeutics. Adv Mater 2019;31(14):1806590.

[98] Shield K, Ackland ML, Ahmed N, RiceShield GE. Multicellular spheroids in
ovarian cancer metastases: biology and pathology. Gynecol Oncol 2009;113
(1):143-8.

[99] Lee J, Cuddihy M], Kotov NA. Three-dimensional cell culture matrices: state
of the art. Tissue Eng Part B Rev 2008;14(1):61-86.

[100] Nath S, Devi GR. Three-dimensional culture systems in cancer research:
focus on tumor spheroid model. Pharmacol Ther 2016;163:94-108.

[101] Lv D, Hu Z, Lu L, Lu H, Xu X. Three-dimensional cell culture: a powerful tool
in tumor research and drug discovery. Oncol Lett 2017;14(6):6999-7010.

[102] van Wezel AL. Growth of cell-strains and primary cells on micro-carriers in
homogeneous culture. Nature 1967;216(5110):64-5.

[103] Wang Y, Wang ]. Mixed hydrogel bead-based tumor spheroid formation and
anticancer drug testing. Analyst 2014;139(10):2449-58.

[104] Agarwal P, Zhao S, Bielecki P, Rao W, Choi JK, Zhao Y, et al. One-
step microfluidic generation of pre-hatching embryo-like core-shell
microcapsules for miniaturized 3D culture of pluripotent stem cells. Lab
Chip 2013;13(23):4525-33.

[105] Agarwal P, Choi JK, Huang H, Zhao S, Dumbleton J, Li ], et al. A biomimetic
core-shell platform for miniaturized 3D cell and tissue engineering. Part
Part Syst Charact 2015;32(8):809-16.

[106] Chan HF, Zhang Y, Ho YP, Chiu Y, Jung Y, Leong KW. Rapid formation of
multicellular spheroids in double-emulsion droplets with controllable
microenvironment. Sci Rep 2013;3:3462.



1422

[107] Matsunaga YT, Morimoto Y, Takeuchi S. Molding cell beads for rapid
construction of macroscopic 3D tissue architecture. Adv Mater 2011;23
(12):90-4.

[108] Lozano R, Stevens L, Thompson BC, Gilmore K], Gorkin R, Stewart EM, et al.
3D printing of layered brain-like structures using peptide modified gellan
gum substrates. Biomaterials 2015;67:264-73.

[109] Mao X, Cheng R, Zhang H, Bae ], Cheng L, Zhang L, et al. Self-healing and
injectable hydrogel for matching skin flap regeneration. Adv Sci 2019;6
(3):18015565.

[110] Zhu Y, Yang K, Cheng R, Xiang Y, Yuan T, Cheng Y, et al. The current status of
biodegradable stent to treat benign luminal disease. Mater Today 2017;20
(9):516-29.

[111] Yu Y, Chen G, Guo ], Liu Y, Ren ], Kong T, et al. Vitamin metal-organic
framework-laden microfibers from microfluidics for wound healing. Mater
Horiz 2018;5(6):1137-42.

[112] Zhou H, Xu HHK. The fast release of stem cells from alginate-fibrin
microbeads in injectable scaffolds for bone tissue engineering. Biomaterials
2011;32(30):7503-13.



