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[30]. ‘H[38,39]F1M0 % [31,40].
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B AT BN AL s 20 20 R A L B R T AR 5
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EYMEE LN -mL D BB EIK[21]. BRI,
T ENA B T 14 it B 5 R AR ZUR 24 1 400 i %5 2 1)
TARCA R . B AT BN AE AR R TR S B AN 22K B S N
Pl o0 B FH T Ha M R A KB T ED [42]

ERURUR T 2 (b)), BB EAEMIEL, R
Je W WAL G I R A B e LU BURE € LR IR . 6
HAr#EEREEWA RAWNEE (PCL) [12]. F& B
(PU) [43)1F1 K AM (PLA). SB/KES[E2 () A LA
DURA 25 20 i SAS 25 4 i PR 7K e o AF 98 N D08 i it
[F) ey 55 55 [ 321 R0 2 I R B8 [12,43,4418 & T HF i FT Ep
HIRE J. [l vss W ) vz B FH T A 282 e i (45 R f
B 5[32]. ZEESTE R SR HiliE B A ST
REE R NIEHSAMRE, WPE M E[12,46,47]. WL
A ZH 210,43 R0 IE 25 M VPl 25 B [18]. HF 4T ED
ARTHI I ) 3 2k 5= 32 w5 9 1 2 AN sk /b B U . 7 51
(145147 [48]

R1 ZFMEY =TT IE R EU

2.1.3. BB MFTED

FTOURAT EN QIR BT BT ENASLAR 62, oy
A FE G A B AT BNV BE [491 A1 73 # 2<[50], I B 44
BEREEE A RGI[21]. 3 THO6E S M ar B HE AR T
BN H & 2R B e ab /i [51] (B2 () ] Koch%§[52]
AT T ZHARIETT, DRSS oG B A ik e 8
WFE] . SEARYCZIRFIH Y (FEREIMED B2 H Kb
eI T A (410 T A IR IR 7K U Je A 3k 498 1 s ] 4 DA 7
A E BB AURTTAR T 2% 1 42 PR B BB B 1) 2
BUUE[S3]. Kk, SAAERIWF NI T LA B [DLP,
K2 (e)]. BA BT HEREHMEEA TN 4
¥4[26,50,53]. WF7E N 51 V4 R & 5 i R T B R
(50~250 wm) AL X 25 [ 16140 5 Jof 1 T A R [26]. XX
KT KA A TG EA WHOK S JR ) =445/ 1 Re
[29,54] [El2 (D) 1. ZF AR S T 1E Mo fd e B h T
RN G 1) = 24 25 K6 I 2 1) S AROR A AR A B [55,56] . H
s&, BT RN R, s R R T sz B RR A, PR
M DA K B 23
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HLIE & 1o KangM[EFH[121FF K T —Flai G U4 <5
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FIFGE . BB A BV UE T HEE )1, Lindf[RZ[20]
FIH Z @ IE A=) =4EFTEIAL,  Rets H DA AT B b il 1)
W T ED /SRR DN REALAE M BB K o 4% IRAR 7 1 B I3 4
ORERIF IS FTENAHA . AR A KBRS . s SR S
FITTEVERR 7, B4 A = 4EFT BRIt &
BHEEMERI TR AN ST E. o, 5H A
WEHEAR (nE Mg Mgs, Warnbur s 2 Fh
VR RL B RIEME S DIRE 2 8 B I ERE

shape fidelity, and no viscosity limitation

photo-induced damage to cells, Skin

Strategy Advantages Disadvantages Applications Ref.
IBP High speed, high throughput, high precision, Low viscosity, limited Z resolution, Skin [25]
and low cost and low cell density Cartilage [30]
Bone [24]
Blood vessel [31]
EBP Suitable for high-viscosity materials, high Low resolution, shear stress-induced Blood vessel [32]
cell density, and freeform structures damage Cartilage and bone [12]
Muscle [10]
Liver-on-a-chip [18]
LBP High resolution, complex patterns, high Only suitable for photosensitive materials, Vascular networks [16]
[
[

and high cost

Organ-on-a-chip
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TEATAT ENRIZE AL RL 2 B AU AR A= i) 5. =044
BN R R 3858 A0 23 A6 553 B B AL A B
ANEER SEHF . BLAR AR WA RN B A o X o s 412311
IR AR AR BRI R AL RE, R HL
PRASEAR[21]. A RAEST BN SO A R TR e & AR 2B )
MBLR[57], B DL M AT “ 222 1 N E 4%
T “TosCZ8” $TEI[15,46]. fE “ T3 HE” FTHIL 2
A2 B 2 S AR 07 28 20 I A 3 5 R R K DD RE
TR Z . FR2 G, [ AR = 4R 4T BN b F B AR 82K
[10-12,15,16,19,20,26,43,58-70]-

2.2.1. ‘EWIR B

AW = AT BV AR Dy = Fh R, B I

R2 T A=A A oK

AW 7K BRI 4H M 40 e 7 3k i [42], Wi I3 R
[10,12,15,16,20,43,45,59,66-68,71,72]. MANEAH 45 &
AR E SRR

PIBVER G W E P RE R, w] HAEHZ TR
M4 i S2#%, tPCL. PUMIPLA. PCL/Z—FPFRAE)
FEMEL BAE HAR SIS RE 19T B, B0 SRR
(60 °C), A H| T B iR B ik sl gl a4 1 . 36T itk
Fett, LeefCho[19]8F K | —Fifli FHPCLAE 4t 5ett bt
[ — A A i S 7 R 77 Kang &5 121K A X
HEBHEITEONLATEIPCL, 7EH-30H B R s A4
RS IR, K3 (a) s RS —TWE 5,
PCL>CHH THa e = 4EFT BN ZHER, FRETS S a%
LA e HE 51 rh O 4 AR [12]

FAL, RO EE R &G, PLARE A T4 ED
W, i R BRI 3 A AE A A B AN TR R AL %

Bioink type Advantages Disadvantages Bioink Applications Ref.
Melt-cure Mechanically robust and durable, Require high temperature or toxic =~ PCL Cartilage, bone, and muscle [12]
polymers and can serve as structural solvents, low cytocompatibility Liver-on-a-chip [19]
supporting scaffolds PLA Heart-on-a-chip [20]
PU Nervous tissue [58]
Muscle [43]
Naturally derived ~ Naturally cell-adherent and Generally low mechanical Collagen Liver-on-a-chip [19]
hydrogels can provide native ECM-like strengths and difficult to Cartilage [59]
microenvironments modify HA Cartilage [60]
Alginate Cartilage [61]
Vascular constructs [62]
Gelatin Liver-on-a-chip [19]
Agarose Vascular network [15,63]
Chitosan Cartilage and bone [64]
Skin [65]
Fibrin Skin [11]
Muscle [43]
Synthetically Mechanical properties easy to The contradiction between GelMA Vascular networks, liver-on-a-chip [16,26]
derived manipulate and features such bioactivity and processability PEG Cartilage [47,66]
hydrogels as temperature sensitivity and Vascular network [63]
photocrosslinkability Pluronic Vascular network [67]
F-127 Cartilage and bone [12]
Muscle [12]
dECM Retain ECM components that Inferior post-printing shape — Muscle [10]
induce tissue formation fidelity Bone [68]
Cell spheroids High cell density The process, which includes — Cartilage [46]
and tissue No need for delivering medium  generating and loading spheroids, Vascular networks [15]
strands or support materials deposition, and construct handling Nerve grafts [69,70]

is time-consuming

HA: hyaluronic acid; GelMA: methacrylated gelatin; PEG: polyethene glycol.
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Chemical Society ¥ iJ #% %%, I Ref. [68], © 2016; (n) £ American Chemical Society ¥ 1] %%, H Ref. [72], © 2016].
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PR L5 40 AR 25 VR A I IR 7K B et 2 — Rk K
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IR 53 R RARIKE AN A KBRS . BT
TIR[73]s A 2E AT T [26,63] 5 B2 22 K [11,43 178 B 5 i
AREEH o

RARIK BB AT LA g 40 i 3% 3 12 3k 2 40 i A1 358 I 1 4k
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[601FNE EFR AN [6 11 F T A i A MU $E L 3A 58 . Ouyang
AR F 71 HAREAT 1 A8 35 F1) FH X8 Bk o8 K
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F, W EERR AN T 4T B I S5 0 [45] (K3 (D 19F 5
RGDZ& AR M ST BN iR A S5 A1 [ 741 WIIRAEAIR
IR ORFFEEROIRAS, AREREZN T (37 °C) RE
GiAL o R VAL AR B R AT R TS R [19].
RAER 7K B A FH 1 st LA 0 S48 1 1 L 7 o) 4% [
3 (g)][15]s FRR[IIVFIALAI[43]. BARRARKEER:
JZ N TS R A T AR A, (AR L e AT 2 L
FERGIF =

5 RIRAKE I FH L, A BOK B i B 25 5 i ook
R vy ML 5 2 AT 24 i 85 PR AR 1o R R R A R A I IR
(GelMA). B Z — (PEG) MPluronic F-127/2 8
DL A BOKEER . fEAEAEIC T RFIBFITE LR, GelMA
FIPEGHS W KA NBZEL[ST]. GelMAS 2 H T3+
FIFTENANES AT ER[75]. flan, Zhufft5e HBA (1615 H
GelMAZK &t 2 B A AN A 8 BE R 4 M 2%,
T A e PSR s 57 = 28 R 1) A8 SR S A T R ASE R [P
3 (h)][26]. PEGH] LRGSR A 00 L 2255 5
FI4m LS 11661, W3 (D . 3ETPEGII/KEE,
W 2~ —PIEIRRE (PEGDA). B W LR
Bl (PEGMA) MK & —BE-VU N AR lE (PEGTA),
] Tl g AR TR . B (47,76 R X 25 [63].
Pluronic F-12772& —FHiE B kL, I EAGE Fifb. &2
WRAERE . B VLA E S TR R [12], LK
FH A0 28 m ES B N B AL i i@ E [67] [3 (DL (k) .

BT KU g PR AR ) = T B 1) 32 B ) R A e
AIET 0 TR Z A B P i o 50 v AR B R A8 B 2% B 3 o i
MR S UF A AT AT ER PRI AR R [77]. SR, EATTE
SECE /NS EAR A E J) . Bk, RIREEIK
Vo J A P A R4 R 1 R 63, 781 T AR W4T BN, YinZE
[7T7FR T —FRIKE GelMA (5%) FIHE (8%) &
EYIRATEN T, R T 55K EGeIMA (30%) AH
ABLPRRT VR ) B B A B AN B AR 2R . X AT ER ]
ik L % B4 AT 0 L R 4 R 2 K B R R T —
T LK

JI5t, 240 L 240 e A7 35 S5 CAECMOD Ak 1 A= WA 25 1k 1)
RN ERE T A/ E T4 57 [57]. Perniconi®%[79]
IE B M /IN BR A R TG A M S SR SRR LA 4RI TR 1, 1X 3R
HHdECMA] ATE IX AN I A2 R iR A& MR 55 . Patiff) o
FLHIBA[801F & T HEWi« i ALO IEH 23R IE I dECM
A ERIK, FRIRAE T X S SRR B I dECMAT RLE A=
V) = HEFT ED AR BRI AT M A AT B SR IR I dEC M
3 (D I ThaetE a4 Zl, HR Mt 7 iE ' LA TR
FIAEE[10]. B4, SPCLSZZEAHEL, dECM-PCLYZ
ZER NG5 T4 M pse B B2 R 2 25 HR I3 (m) 136
dECMTEE FA R A 2 [68]. 1HA, BZERRMGE
FUPE ) R R A R . AR, FIERIdECMP R, 4
M S5 2 B I R A 58 AT 7 ALRE, dECMT] BEAFTE A8
P )

TEMBLIES T MDA, ENURGRE. 7]
FUEITE . AW AH AP EAT B AL R M 7 T A BT Tt o 9t
M K % AR T 4 5 N KB R, AT DL 35 e K
Jie AL P B8 5 L AT DAY 58 48 i v £ . Dolati%s[13]
IE, SRR S 5 T EH I A R AN ) % 110 L (1) 5
FE o FHANKET 2 2% RN 5 B B A 1 26 4 S KA R I
H R IR, 1 HIE R NS E41 (hNC)
I FE AN o4k, T T H R SCE E i [61]. EPLAYN
KEAFYERG R B AP oK, AT DOWLEE R T =y 7K T 1 4
B AARENEYE, K3 () s, 3FHER B ESE S
e [72]0 X AN [] FRBE (R T 5% DR 25 B Al i ok
2T A 1Rk 5 ) TR R 7K P R i 5 ()95 325 P R4 i 48
47 98175

PR A o i mT LI S VR A 5 2 A Rl SR 1
. FPEGDAM GelMAKE K 5 —Fp It T HA-YHIE
FIRFNR S, AR ] WG e R [82]. £ id XU AT BRI
S HASR I bE 3 2 A 20 2% Bl s b o 54 B8 4 I KA
FaoEtE[71]. 3 TR -GeMA R AW 22K Bk T T
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E[32,83]. 34bh, HITGPURAIEL (A gk 1 Bk
PURAED SINEY SR, AIIF A A3 R AT R
EPEALAU[84]. BLAh, FTEVEALEE (RIh 4G S AR
MIIREA) A Al AR 5 A=) — 4E T BN RE S Rl 2B
VIR R R DIHE[85] -

222, AN “HR 22

YH RN B A R A R B R R G Y B4 R RS
SR EHA[21]. IR “dgize” (KE4) fENE
YRR, (ISR R AR UM 8% B IR B 1R R AT
. Jakab[86]i8 i SLUG ARTILLA ST 40AIE 1 A8 FHER T 40
i A S 2 P SR K R RT AT o 230 i T o e ) e 7 2 P
4 () PR, EKIAREE G 0] LLULEE 30 20 Mo A Rl &
K4 (b) &5 7T H Norottef[F) 35 [ 15738 ik 5 40 i H AR
PIBENRBEEAE R B A G540 o 2245 K P ) 2 L R
MR M o FERIT I — T, Yuss [46 )58 1 K 4 il
S S B R AN e FE b e AR S22 7 B4 (o)
(d) ). EMMRESS, T RA L 22 v DL EBAT EpFE“ A=
MU b, TIASTE BN S PE L .

FH T 4N B “2H 21427 J&imat B 20 2 40 i vy
T, BT CAX 9 AR ) v () A i 2 P AR R . FE A O L
HHZAFN A SR N A SR, s g M R R OG L EE[15]

©
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s B b |

7

DAL s T A A ) 8 7 AT REAE T A EL AT 50 I D) 2% 1) K T
i DD AL AL 23 i B AR T

2.2.3. ZiiHUSRIR

H A0 T A2 420 = 4EFT B 20 i SR 25 R 2 R (1) iR
A PB4 M . I PR 2 AT 1 SR AR A P, 4T ED
() &5 K AT DAL LA o o N ZH 2R Thg . SR, JEAR 4N
B 75 i BR ) T A AR E L SURIE R IR ThRE[21]. R,
TS — MR AR IE R [21]. B A EKW A,
HEAAERER R IMZ Rtk

RG24 (ESC) MEFZAeT4M (iPSC) A
H AT 40 PSS BL I RE 77, FF B K W10 5 1
71[871. TUUBI 04k = B2 AW, Ak R 2 IR 2R (1)
FM[88]. AW A O I ik IR AR 22 2 (R BR FE 1)
AR A B SR A 1T A MO B (891, HE 75 ik — B W AT
T A AL BR T AT 4H M B TE A i A B
Gb, BT EAEFT BN AR R R A A& B BE A By
IR 3, [k AR 45 v vl 1 A0 T 40 B 1) 2 ek . 91,
Ouyang®5[90] R b 7T T A=) — 44T EN S H00 141
VR WTEA Z AR LR RO RS . JE IS S LA, ik
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MR8 emKHIHLILL; (d) NI EERR YN “ITE” WIS FERE] (b) L ElsevierF il ##% H Ref. [15], © 2009; (¢), (d) Z:Springer Nature¥f

AR E Ref. [46], © 2016].
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T4 (ASC) R B REH MR ML T4, &
AT USRS TB 58 N5 LSV BT E 45 [92] . IR 58 [93]
RGBT LR [941/ IR 78 T4l i (MSC) B ¥ T4
FTENAN T AH AU 28 57 [76,95]. MSCIH BU 1 8 [91 711
L ESCAIIPSCH %4 .

RETHMFTENUIAL TR BB B, HAY) =4EFTE)
FARA T4 AR 45 & O8N H R TR R T 34
B eSS G WA T RN 5 AR RN 24 P I
FE R T

3. SRR

SEARE SRR ARG PSS IMAHL. AR E S
FTEN T 505 [24,59,96,97]. H[38,39,68,98]. JZJk[11,99]
FILAI10,20,43155 TRE(LZH L,

3.1 FE A

B A R NAR I UBRE B fe e R ZH 2R . i, 8K
BAE BRI AT 3 AR TR AR S AU M R AN SEE A MEAL 1
JURTTEAR[100]. M6 Ah, B B S BL K FT BRI 454 5
RIRH LR 2 [6] 1) S AEAS B A B i i o 2 o0 2
FIfER[101].

BE R ERA N, RMRE S BT
FEIHHIES (@)~ (e)]. KITHE AN RME
FIEALIKE IR R0 ZERES (a) ] [102]. IXLEEP
KMAF B R B a0 4= 8 sn
HCE A [103]. BEERSTEIAN@E S UVIE R A Mk
THERE1EE124,30] [FS () ]. KBy L ARG
ARSI E R B ATES (o) 1] 7= AN UG 5 B 5 v 1 2
Z1[96]. —4E4T BN HCE A2 R B 2 3 AE W) S5 KR 1
) o . ERARGE, R BN AN B IR MR K B SR iE
HAE R E, TIGelMAFIZEETPEGMA I /KEEIR S FF
FHRHE IR B [47]. HIKTYEER[61,97,104]HPLA
PR L HE[ 7215 B M IR P KBEIR 45 &, AT $2
TR 2 2 R SR A U . Fl T LM URS S PR AN
HARAERKIRE ST, % B RS SR BN A S il s FH T 2K R
N IE B A4 RH59]

AR = YEST ED H T B A4S SN AR AT DUE R 5 AT
ENFNmE SRFTEDSZHL[IE5 (d) ~ () ]. SawkinsAl[7] 5 [98]
FTEN 7 BT PLGAM S5, H s RS A IR 5 A
HKbp FUETEFA RS () 1. BT LR 2 4,
LA AR RN 2R B AE T REME BN P il i 2 22 K

B AR AT (DCB)JL 5 AT PCLAE N AE ) 2K [
5 (ed ], AJEWIRUE I 40 B th s 2 R ) B3 1
W68, LvAl [ FH 10576 & P & A KB (VEGF)
32 R 5 AR W) = 4R 4T ED &5 & LGS B 2B ORI 5
R, WEERFT B R G AR DT Bk R RIS (D],
R I A AR — 45, ARG 2R 4 24[38,39].

R BRSO [ES (2 (h) = TR HEEA
W s B AR B 2 [106], 4R A S A S Y THI B K
N CE B R A5G [ES (g) 1. Schonfl A FH[107]
PEH T — P H T BCOE R RS B RS R SR [ 5
(h) Jo AV =ZEFTEDRRENE S MM RS i th D URA 21 2 )2
BhEER G, DA 2 A T B AT . TR PR R
PEG/KEE AL UV SR A R 25 3 5 1 5l FVECE T Bk
11531k [24].

K, FLAE R R 25 R A0 S SR BE ) R 45
BAFE— LW FL[108]. 6 BE 25 1) 7T RE B 4 b 5 50 AN
BRERRCE N E I B S . AIE RO FRE
FU, UACSCEAN MM EE A 04k . BhAh, R AR KR T A g
FIRER AN ANAT BN A, T Bt — D3 TR B 3E
R TIRE -

3.2. Btk

e NR I RIS B, (R Rg it HEAE
R, s BB E[109]. BB, Befh. BEIR 2
UE A R IR DU A B R SR P 1 = B, X R K
FRBAR TR . BT REHMERILES S L
HAT A A I, BRI A AT A8 D) 75 ZEIh R
N Bk [110].

ThREAL B A2 ) St ELAT L IR 7 1R R )2 &
Mo FETHEERA =48 [ BRI (FF) YK s Ar 4
S B AN £ T AN PR IR SR — AT B, DATE 7K B S 48
W S LR /3 B W oy JE A [111] [El6 (a) ]. 3K
A, WFFRE IR T 2 3 R R R I S A T AT
RiFE[112]. SFENUUREAIAR LG, = 4EFT B0 B k2 21
RILH TR ORECRE, I HLAR I 3R BORN 31 K2 (1) 4y
EIE6 (o)1 T wiHi F R 5 Bl 5 1 44 ) TR R
U B = 2 S SR A, Kim A [ FH[1131F R T —FiE
fFIENRS, WEe6 (b) . AT EE R AE-40 °C
TIEEW, RIEHE-T6 CCEMTAEHTIR=RK. fLB
B 98 I 25 KA 7E FL 15 3% 1 A1 5 T At i A0 i 2T 44 4 i
R RAFITERE . B2, ARATAETE T Bh R S i
FRANZH R IR A A% -5E 320, DAk I 2 7 Jbk S 2R i A
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(h)

5. BRI B = 4EHTED . (a) ~Co) = 4EFT ENHCH : )T B JZRE5 44 s (o) FH A S TR 56 AL i PEG /K BE AR W5 2 4T ENBICE RN, AT [R5 AT 638 Bk
(c) WiSBATENMIE YT 225 ST EN 7. (D)~ (F) =4EfTEIE: (A =4E4TENHE 212U MU R 5 AARFA BB 40T (e) RE3#7EDCB-PCLH
FI RG240 (hASC) FBLH B Sk () jle i 5 B8 R AN et o4 s () S PEM AR AL S 6 5 A G B 65445 (@) (h) B 300 B F THT A)  «
(@) AR EE B 3R B, BRSO E R 2B S A OB B A 105 [103]; (h) BB 3R SRt B HR AL 2 2R 2H 252 5 [107] [ ()
2 Springer Nature ¥ 1] ##% [ Ref. [102], © 2014; (b) £ John Wiley and Sons¥ 1] #4#; H Ref. [24], © 2015; (¢) Z10P Publishing % 7] ##% H Ref. [96],
©2016; (d) ZI10P Publishing¥F 1] #£ % [ Ref. [98], © 2009; (e) £ American Chemical Society ¥ 1] %% %% [ Ref. [68], © 2016; (f) % ElsevierF n] %
#, H Ref. [39], ©2016; (g) £ Mary Ann Liebert, Inc.7F A 7% [4 Ref. [103], © 2014; (h) %:Springer Nature ¥ i %% [ Ref. [107], © 2016].

SETE[114] [El6 (d) Jo MARAMFIAR P ial50 15 22 I IX 28R &
SR IR 5 Al R 5 SR AR LL 3 N T 97 4%, AR
YA PERE T UK [E6 (e) 1. 78 54—t 5,
FIRKIRM T (AFS) Al B8R IH M SCHt H =2 7E
SRYEEE - R B, FEE I i SR T EDLE B BRI 45 1
HRAL[25] [ 6 () 1o SXFHRAAR L, 195 1 A @A 2R3 .
Kim Al [F] S [ 115145 G4 AT EpAmE s2 T B, FIFHThaefl
A Transwell 5 Gt — A s il i A AR B2 AR Y, A 1%
G FRITIEMN/50, iR A ERAL G IR EII1/10
[K6 (21

B 750 AT DA SR AT B, SOG4 BT ED ]
TATENGR M A 23 R B R [51] . VRAE R BEAR H i)
NIH-3T3 i 25 45 20 B F0 N A7 53 % At B A SR AR 327K 4T
EN7EMatriderm ™ /o “PAT 2R EE M) B T 306
AT EDIE TR R R 1 [Ee (h) T. AR Y SR E
Tk — 2 N T M DI ae[Ele (D], EfHIX
R BT L IR A [33]

BIEHAT AL, K2 HLRFT BRI 5T #R 8 £ 3R J T
BRI U g b SR, R AR () I A8 TR Xt I
PR B B . iPSCHAR 54 = 44T ENELR
456 r] F T 9T AR A N T R B I T 1 [99] [l 6
G) 1o T AR I IS DR 26 T/ i IE B T 76 A 11 [ 12
RG] T U T PRI RE 0 P9 R AL 4 B AR R R ) T
gk RPN A I e AV L S - I D BT R N
BT T R [116]. B2 D B i 5 40 DA K B i 45 4 B 51N
BB IC. ATk, B 5T (E BB -3 R IR U
FIEDRE Z M, O O R PTRA N R 24[117,118].
X gt B Rk AT DUB I A ) = 4EFT BB R B e 4 T
REA 1 Hz SR A

3.3. LA

NI LA DRLAE L8 RN T« 245 0Bt 9T 25 7 T 1)
TELE N AR, W5l T 2 W70 & 1 2%, a7 R
[10,12,20,43,83,119].
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()

B6. JJRIM =4E4TET. () ~ (o) FFHATENRR: (a) BEFTENZ 2 J kg A i J iR = s (b) ARIRATED R4S =42 48 hliE iR il (o
A R R R R s (DA -FR 45 W) R R S 3R ) 5 R 1 (SEMVD [ s Ced BB 17 B RS B0 IX el R A S L, 7 Skt T A2 BT LA 450 o
(D, () BEESTEE I (O AEdfEREE: () Fr-WiRg ST BsEmoRz - (D~ G BOGEIBITEN R E: (h) BB BT BN rR
B L Z RN E T (D HEUTRE RS MR ERAG 1 5 () R BR &5 R4 il 1 3 A2 2 I AR R M 32 [ () 8 Elsevier VF I #63 F Ref. [111],
©2009; (b) ZRoyal Society of Chemistry ¥ F] #% 4 Ref. [113], © 1991; (¢) Z:Mary Ann Liebert, Inc. ¥ ] #4% [ Ref. [112], © 2014; (d), (e) &
Royal Society of Chemistry¥F i 7%k [ Ref. [114], © 1991; (f) £ John Wiley and Sons¥f 1] ##% [ Ref. [25], © 2012; (g) Z10P Publishing¥’F i] ##k
E Ref. [115], © 2009; (h) Z:John Wiley and Sons¥f A ¥4k [ Ref. [51], © 2012; (i) #:# H Ref. [33]; (j) £ John Wiley and Sons¥F A] %4 H Ref. [99],

©2016].

Wiz i YRR UL A TR A 1) 2 Dh e e VLA I itk . Chod
SE[10]M 3% 1 5T I 4 L i L 4R L AR 5T (md ECMD
R R AP R K, g G 5 IV T A L 234k
AL T E YA K7 (a) ] Merceronfll [7] $[43]
FIED T — AL LR A, A 9 B PU - R UL 4 i
U2 B FRY P C L - s T 448 40 0 53 S A5 475 UL PA) i AL e e [ 1] 7
(b) Jo ZEEMILEST BN 7 RATY S 735 H A58 v ) 200 L ol i 52
(>80%) . X LeZh HL KW = 2L 4T B[R] DAL g 580 11 A5 & A

SRR LA ZL . TR UL H SRR R T X
15 £ 41 P AL 28 N AN 5 38 O 8 [120]. CvetkovicHl[A]
9 & T — ML KB A HLE N[BT (D],
TRt R, Ak LA B 4 DA SR B 2 B IS )

Yyae tE WL 4 23mT F TR 97 WL 54 A0 O F 1
FEPEEER E O . KangZe[12]#1iE 7 — AN E B LSS
M7 (o)1, HHAEN B T HW HE S 2 4m NS5
RN JESRBUZ L 254, Mg 2] T H R R WL 4
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Cell-laden hydrogel

PluronicE> After removing
e : Pluronic F-127

Anisotropic cardiac tissue

Cantilever
. deflection

Contractile stress measured as AR

V)

B 7. WLRAL = 4EFTEN . (a) ~ (d) —=4E4TEIE 8 NL: Cad) dECM ] $EAL LA A2 Bl R VLA B IR AR B A A2 2= IR R % 1K 15 (b)Y FH—Fh Bk
b2 BT ED R Gu i) 45 10 2 DX IG LR - LB S5 84 s (o) FHPCL (/ESA 4D Pluronic F-127 (FERMREAT KL FNE SR AT A 1 7K B Joe A4 282 1) -1 8%
WLgE#y; (A TREALH LA R IREH A I PLES (bio-bot) [119]. (ed. (f) Z=ZEFTEICL: (o) 18P AR KK Bk S 42 Rtk o ULEm M, DAY
FEO M A S () 4T R IR MO E COIES R KRB (a) ZJohn Wiley and Sons¥F A #44% H Ref. [10], ©
2016; (b) Z210P Publishing ¥ 1] #4 %% H Ref. [43], © 2009; (¢) £ Springer Nature ¥ 1] ¥ #% 5 Ref. [12], © 2016; (e) £ Elsevier i i] # %% H Ref. [83],

©2016; (f) £ Springer Nature Vf 7] 4%k H Ref. [20], ©2016].

£ AL g

O LA 2 TR B I 9 2 ¥R 97 0o IURE B 19 38 75 7 1
[121]. BFFLE el AW = 4EFT Endg 1 Ul fi s
B R0 I D F[122,123]. ZhangRl 5] F[83 ]38 i 4 -0
JULZH P2 1) P Rz A 7K P R S 2 R SR o I 2EL 2R 11 1
ETRIET ()] B8 B N BEE R AA A= 9 S
P, PG BE S AR AL I I FE A O I R
Lind%5 [20]38 i 4 2 1 B AR AR IR 2 5 = 4EFT BN 2 IR0
MEH LRSS A, TER T — RO e A E7 (O 1. AhA]
WEFT 7O WL GO R R 8 29 RS, FEIETE T KA
e O WL 2 e AR B R DL o

4. AR

GERS I R M1 AP SRRl AV DR I g A S =
M e v A A 43 = AT BN v e T B — AN ST U
RS T VNN K- SE S K- DREE. 2 SNAN b
ML Canzh lkoRTE kO [48]. AN [F) R R 25 46 53 2 72 1

() L8 2R G0 75 B AN ) R AR 4T BN SR G, 20 H A3
FEVEEASE Yk, B8R, R3XTEL 1 X T VA
L Bk 5[13,15,31,35,45,62,67,69,124-129]. A i i 3+ 18
T HAh B A RS, W AR A ph s S

4.1. A%

H 20375151 ot Jakab%E[86) 4, 5 FT-4H 240
EHNEES () 1o ik FEAH A 40 M BRAE S G S HE
I TG. IXEEAH HBR kB RSCRE E BT LR TR S5 38 8 T
I RELHZA[130].

NorotteF[F/ F[ 155 H T — R IC LB 77 vk M 4
RZ M8 (b 1o T WLAH L FN 5 2T 4 241 B 28 4R Rl
BELAR T (R A M B 22K 5870 . R 4 24 i SR B A4 A
PR @R R T, RERE. A TERUL
B o SRy 3 R A I T T B T W A R 4 i A e
HISEHLIE (c) 1o HIT X Ay 48 FH 40 e R v A=
WsEK, RS HAR AT EN T EEM LG, 17 P SR
e AR . AN, KucukgulZE[131,12415 40 M 58
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Strategy Advantages

Disadvantages Ref.

Self-assembly High cell density;

capable of constructing the double-layered vascular wall
Perfusion-based

Extrusion-based

Effects of soluble factors and fluid mechanics can be studied

Capability to fabricate highly geometrically complex structures

Vascular walls too thick due to limited resolution; [15,35,69,124]
formation of cell spheroids is time-consuming

[31,67,125-127]
[13,45,62,69,128,129]

Relatively low cell density

Shear stress-induced cell damage;
limited availability of biomaterials

LRI 2 5 AR BRI SR AR £ A DU AR
FFfk. 5Norottel) J7iEANE, A2 7ER B 5 A ¥
MK BEZEN K (BAETEREN4~10 mm).

SR, BTl Bk R~F A B, JE I B 4 2 T vk
) 23 F 1L BE SR RS (300~500 um) . X T FEH A
AARMIYT ORI, F 2 100~200 pm(K)EEE[132]. B4k,
YT B BR ) ) 46 B R 3 8 RER K, A BIR A L A Y 45 1
P AR K2 288 B A 2 o

4.2, FEVETE

FH A4 2 I (S VR G T — 2 2R
IR S AR R s R AR T P B A A S 1
.

Neimanfl[F] S [12610F K T — Mol #EE R 38 R4,
FLFE 5 FFF 40 M R 5 ke A R B A KT (EGFDY [BIHETE,
DLgERF AR A7 A2 (8 (d) ). AR, BT iZARSGH
WIBEEIIE A, ARMERE EATI B2 AL DU B N 4% . 1t
Ah, ZEERIR BT WARTEE R N, R P R AR
M 2835

WIE T35 T 20 50 4% i A 1 Sk il 3 i 77 PR 265 [ 14
8 (&)~ (g) 1. MillerZE[1257K i /K Ak & W B 365 o] e, 1Y)
MR, JFEHIEARNE . WIEEEREN . PEGH A ELIE R — 4
W% TERKAADIBEIEIEAL G, K N R A = v v
NBMAE . R 40 B R P 7 TE iy BE b, M
FE RIS R 4% . Bertassoni 1 [7) 5 [63 151 F B i b 1) 14k 1k
I 2, JFE R RN R H . RO R Cln
Pluronic F-127) T4 IE B JHAG 14 22 1L 5 40 S Jot 4 2R i 0%
J1[67]. SuntornnondZ£[133]H & T F& T Pluronic-GelMA
&5k, I F PluronicfE 44 A4 k) kil i 2 DY 43
NXMEAR N o AW TR I AR = 4EHT EDASE AT DA i
A AT @ ) HOR G544, HLAT i oSy () = 4 ifn
P28

BT AN R EEE AN, WERCE IR AT T AT AR AR
WAl % AR S R () ) o S8 FE S TE P R I
A R - T AN 2 FEVE A BT, T 9 3 WL 2 3 N R R

Y0 I WA TR [127,31,40], WK (h). (i) ffizR.
XL TR B T M 2 RO I Y 4% R AT e

Kolesky M [ F [ 141894 7 R JEERT1em) 1Y
AL, X AHa 2 I N 2% ) AR L 2T R 1 387
HIEEE8 () .

43, Hriivk

P VR AR A AE TR S 2% LA 45 0 R 4y
X ey, AH R R BT 515 [13,45,129] 0 il i B AR N
500~1000 pm I T4, K g oK e I m 2 K &k
(B8 (kO TRT 3k — 542 i i 45 K LI R B [13]

R N IR T e 2 (A= [ L 3R = ¢ =)
% TR LA ARE R DX 28 o At AT SR R PR B8 — b T 2% o o e
I P4 3 9 TR B 7K P S 5 R 38 S A v Tt LU B
HIK AR B 5> XS [62] [K8 (1D 1. 5 —Fyik
ST K B L P i S B B0 BURLR BB A R, 1A R
TEBYY) N F3 R R AT DLATE S0 A A oD 2 22 18] SF i
VE[128]. BILIXFF I, REVR T M ERE
LA SR N 100 pm B JEK B, B8 (m) 1H9E
S N 4%

R, T I 45 B R 3 75 R v 45 0 1) 2 4 R FE AT
THREME . B A 0L/ 308 T 0 0L A R X DA A B 2R i
B TR =40 SO B B B B2 Z 1 4, LA
PRt E TRk AARENE 3. HARFT BN SRS (a0
ZI[16]) AT DAFR A A 2 53 2% if A 9 48 1) T 5 I35 )
2] DAL FH TR 22 sk 481, EATTAT LAY BIE Fe A4 A L4
AR B A FR IR S A0S o I AT R 4 A AL G
¥y, WEFE I AR AR T (WIVEGE) X414
IHREMISoT . BEAl, AT I W48 (1) = 4E 3T 4L 23 AT
VEBRBE R AN 25053V & o e, AT Ry T
FH T RS HE A 2 2URD 258 B A2 A ] 2 )

4.4, HAt A 2R
WA HIETIT e 7 HoAth rh S S5 M R o8,
S [TOTFLC AR [69], W9 A 7x[134,135].
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E8. AR = LEFTEN . (a) ~(c) FZHEE: (a) i b & T 4L 2 [86]; (b) o3 2877 W S LA 5440 s (o) 4R A1 b & T T BRI 43 S 54 . (dD
~ () #EFEVE: (D ZALEAEIFSE ), R T E IR (o) ~ (g) BRI A YIRS . B iR FE A1 Pluronic F-127/F A4 RE, #4281l 3 @3 s (h)
G I SeVE VAR TARHE A HT 4 (D 1 emERIMAILAZR[14]. (k) ~ (m) FFHvE: (k) T4 MU i st =k, (D &4 sy
X AR B HSIEATED, S IR L RS BRI E R, SUE RS MRL: (mD) ZERCBURDIR R A T b BLS LA 2% [ (b)), (¢) ZEElsevier
YFAl #5389 Ref. [15], © 2009; (d) Z:John Wiley and Sons¥ A #4# H Ref. [126], © 2015; (e) £ Springer Nature ¥ A] #4 %K H Ref. [125], © 2012; (f)
#:Royal Society of Chemistry¥F i # % [ Ref. [63], © 2014; (g) #:John Wiley and SonsiZ i] 7 #% [ Ref. [67], ©2014; (h) #ZElsevierf ] 5%k F Ref.
[31], ©2014; (i) £ Springer Nature?F 7] %K H Ref. [40], © 2014; (k) Z10P Publishing ¥ 1] #%K H Ref. [13], © 1990; (1) £:John Wiley and Sons ¥

T #EE E Ref. [62], © 2015; (m) # % [ Ref. [128] ]

PP A A0 P B R R (RS R, T B RS
BB hrdE. OwensHl[F] 95 [70]18 F o S A8 A=)
SHEATEIUTIEM G T R R =M a R E K9 (a) ],
%0715 T Norottefil i L5 1) 5 [15]. 45 R KW,
AT BN 22 A R A 2 T AR AT R 1B £ [ 70].

YRy — Tl H 2 ™ 5 A4 R 1) AL, oo JUFE A5 0 3

SR BAT A . H AT T 0 I RS AR B N T
ML FE LA S . A= 7 e FEE A il L AR RS AR . (HLJZ:
T S 378 AN R I8 BIAR IF B IT RO, AR A X T A
BEE(134). I AR = 4EHT BN & 3 3h kR 2 i
VA% 18] ) — b LG . Duanf [E S48 M pCTEE
[134)8E @ 8k H Solidworks” [135]# 11 =4ERE AL, i,



e @ ©

(b) © @

B9. HAbh =AM =430, (a) ZAEMMETE. (b))~ (D)
O EHERE: (o). (o) HMALTF B LW = FH# B (WCTY M1
B I RS ASE Y A R AT BT ) BN (4D BE M LE R
EFPERL, T N B KR R 4 i (HAVIC) [ (a) £ 10P
Publishing ¥ 1] # %% Ref. [70], © 2009; (b), (¢) £ John Wiley and
Sons¥F A #4 3 [ Ref. [134], © 2012; (d) £ Elsevier?F i %% 4 Ref.
[135], © 2014].

DALV T 5 05 T Sk A K A E sh kg, 9 (b
~ (D Frime NEFEIIKIRME R T4 (hAVIC) #
BFRAAEKERFES, REFE T &BOGEFRIFRIE THRE
BHA[135].

5. 8B 0H

FE OB AR S A = 4E4T BN EOR FH 45
&, AN T IR 5Pt & A s A
o BT T AT R AR 20 B b 8 5T ) — 4 40 B Ah 2R
Bio DAth, 5 Z4ERE IR T ROLHIAH L, A% 2540
MR I N B 4 00T L S L[ 136]. I AR W) = 4EFT BN i
FE S AT A PR S A ES . HEE
HEH[137].

5.1, RIS A

JHF 25 4 2 24 490 03 32k R 2 1 0 3k e o B B 1 T T 2
—. Organovo |l L yE T IR H T 2511 & 1R 24 24
R 4[138-140]. AhAiI44 2 1 J5E 250~500 pmif] £ =
SER, ZEEM R 5 RARA LU M r4n i FE[138] [
10 Cad o S ARSI 40 43 #44 HEH - (1) 48 5 1 TR
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Tissue/organ Challenges Refs.

Cartilage and bone Gradient osteochondral constructs; integration with the host environment; mechanical strength; growth factor [103-105]
for improving functionality

Skin Epidermis-dermis interface; vascularization; involve secondary and adnexal structures [112,116,118]

Muscle Pre-alignment of muscle cells; vascularization and innervation [12,83]

Vasculature Fabrication of functional multilayer vessel; 3D, hierarchical, and biomimicry vascular structure; integration [14,15,62]
with other tissues

Liver-on-a-chip Native-like microenvironments; integrated fabrication approach [19,138]

Heart-on-a-chip Force measurement of multilayer, well-organized cardiac tissue; maturation and formation of cardiac tissues [20,144]

Body-on-a-chip Integration of different tissues; achievement of high throughput [137]
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