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[ABSTRACT] Animal experiments are widely used in biomedical research for safety assessment,
toxicological analysis, efficacy evaluation, and mechanism exploration. In recent years, the ethical review
system has become more stringent, and awareness of animal welfare has continuously increased. To
promote more efficient and cost-effective drug research and development, the United States passed the
Food and Drug Administration (FDA) Modernization Act 2.0 in September 2022, which, for the first time,
removed the federal mandate requiring animal testing in preclinical drug research. In April 2025, the FDA
further proposed to adopt a series of "new alternative methods" in the research and development of drugs
such as monoclonal antibodies, which include artificial intelligence computing models, organoid toxicity
tests, and 3D micro-physiological systems, thereby gradually phasing out traditional animal experiment
model. Among these cutting-edge technologies, 3D bioprinting models are a significant alternative and
complement to animal models, owing to their high biomimetic, reproducibility, and scalability. This review
provides a comprehensive overview of advancements and applications of 3D bioprinting technology in the
fields of biomedical and pharmaceutical research. This review starts by detailing the essential elements of
3D bioprinting, including the selection and functional design of biomaterials, along with an explanation of
the principles and characteristics of various printing strategies, highlighting the advantages in constructing
complex multicellular spatial structures, regulating microenvironments, and guiding cell fate. It then
discusses the typical applications of 3D bioprinting in drug research and development, including high-
throughput screening of drug efficacy by constructing disease models such as tumors, infectious diseases,
and rare diseases, as well as conducting drug toxicology research by building organ-specific models such
as liver and heart. Additionally, the review examines the role of 3D bioprinting in tissue engineering,
discussing its contributions to the construction of functional tissues such as bone, cartilage, skin, and
blood vessels, as well as the latest progress in regeneration and replacement. Furthermore, this review
analyzes the complementary advantages of 3D bioprinting models and animal models in the research of
disease progression, drug mechanisms, precision medicine, drug development, and tissue regeneration,
and discusses the potential and challenges of their integration in improving model accuracy and
physiological relevance. In conclusion, as a cutting-edge in vitro modeling and manufacturing technology,
3D bioprinting is gradually establishing a comprehensive application system covering disease modeling,
drug screening, toxicity prediction, and tissue regeneration.

[Key words] 3D Bioprinting; Drug development; Tissue engineering; Regenerative medicine; Alternative

model

BYISEES R ) A A R R 2
BEN I, 8 ATRRR R RIEIRR L
Zyr g MG . AR, FEEBIRALHEIRFEA
WA 2SR R B AR 40 . R AR T i 5K
fer, DANEhISLie B A & MM SR H ™ 18
BYISLge i E Ak ok . Hrr, BORNRZARH)

HIZIR R L9 sh) 5 AR LY 2 7 IR R
Z RSB EVRARPIE, XA SRR Es REEMA
RIGREACN A ZZNHFZ, RN E2500E
RIS RIS H R —o BEIh, BEERRX 50
ERERTE R &, SYIsLie R B S TA RS k4
W RE SRR MR B RS i 7T 4G



LR ENM S E S Laboratory Animal and Comparative Medicine 3

fRrERdE @, (HH ™8 BB R I LR
TR FASEfitEsh ) SEAG IR HY 1 BE 22 I TRIFN ST AR

T RN B S 56 Pl I HIX 26 Bk ik, 2022 69
HEEZWGES TERA R R EME (Food and
Drug Administration, FDA) IUfRALIEZ 2.0, RFEEE
A 3D FTENAALAE A B B At BTl RIS 7T A AN A9
R, 202584 H, FDAKTGHAS, BHRKE
Ay FEHUAS IR R HIZ D EUE SR, Femisk
AATLEIERA, KBFEEMhA. 3D AR
GiE—RY| HRERITE” DEREEER. fREE
SR IeAH VUL I BE WS IE IR 2 2 AT R B
Horfr, A9 3D TENRILEA m ik &R PtEflsnE
RERHME, RNXBER R E ST A RS B, RSk
HOMERRTERIRT G M, RE & el > sh W &R,
FFEGBLESK, BN SEae B A5 A B B

BT HABARIGARAL, 443D $TED 2 H &4l
MEFIATRIDGE . AR mks R N2 AR AL 2N
PEE . RILH B MR B BRI RPN ST B
A=) 3D FTENEORAE N —FIRT A A g 7T ik, Ho
OB T B B Rie E# e S 2% 3D H
LA, DRI RT T B R TR O i i AT 4 B ag
PEEREEMR, DISCH B2 A N2y s Al
HEGXZIMAGHLRNERARL, hae e 8k
RMEEMEBEENANME. SHER, PSR
LIRS —ER, B 3D FTEI S 3hHscde Y
BRE N BB R —H LA S, N R AR
PNEANE 2 Y7 2, WmERRIIE S
BEI7 55T HBUSH AR . AR RFETAEY 3D T
ENfseAR, DU AW 3D FTENRAIAE LG IR A S A 2R RS
USRI TTHERE, FHRH S SR <5 HoAth TR IR IR
BARL A A2 SN e AR AT 5, DARAN B £/ 53R
RIERMES%

1 &£¥3DITENHFEAR

AP13D FTEIE AR, BRI
IR STEANAE, LS5 ANARHR B S
BEAEUARIRARBARLI AR o BRT, ERRTEEY)
MBI FTEN T, Satetb AR L7,
DA ML, 0 25 01 25 A D 2 P 20 2 3 55 25 1 75 TR R
BT EERE Y,

3D FTENR A AR RHE Rl R 2R i A= 4
FAST AR SCHEEE N, KT ENZH 21 A Z5 AL D) A e 2 2

VER o R EYFTENMRHN, 758 A% EHAYMEE
1 SN 57 ENA o AN g R = e K s 7 Py R P |
FTENREARGS & BN U BRI T SR AL A ks FE AT
AT, SEIIREAIRSE . SR RN A B AROARHELL
BEAR T MAZE SRR ), $2FF T LR A5 SR A AT
EEMAA RN, R0 3D FT BRI A 05
DT EGRH AR, R, AEYIMREIT RIS
ARAPCZEY3DFTEI L EZ, T HAES B
B FEZ R ETTI
11 £

MRAFESRIEAE, VIR RERTRI S A R IRE A L
S5&BUEEPIRRL 7o RAR AR R A 400 ffn S0 5
(decellularized extracellular matrix, dECM), EHGIR
WIS A A TE T, FEAEY 3D FTENHR 2 M
o NRAMBIREEMIRENE, TAPRE dECM 5 HAh
MEHES, Hls /12 Re R 2 &kl G REY)
MBS RRTR I =, MERErT s, (Bl TRtz R
SRAMFEANEE R (extracellular matrix, ECM) %7y, 5
M T TE I BV A5 SR SREAER R,
ENMAMAEAT BRI ARSI S5 50T, B
I B TR E & R R TR, DA R S 4
AIFHEAEA

VR A A MR R EH B LA R, AT
FIfSoRAERCH: . BRI Rde . pisibl APt
TGS 2t Rk B & BA AT At
R, SEBAESEMERE . AV AN 2R B RORS
AT, v B E AR 2R R & E S R R A
ECMERES, DM E T AW 4G 78 B R S 41
Ul
12 EETEDEAR

LHTEIRAAEY 3D ATEIROR AT 43 3 2K miak
. FHERFDEER A 3DFTED B, 13X 3FTEIR A
A TAENLHTAOE 1 FR o
121 TRENEY 3D FTED

Mgt 22 =AM 3D TN E 1L 48 & FUm S84 TENAIEL
RAR, RSB R B DA e 2R A5
ARG, RS ZMITETT R ZRORRE
AR S, AR, EEERmEEEZ PR, A
PORIBRE . WiREEEZE . FTENEEES, DA BTN ]
BRI A . R, (A SROK AT
FHTENf AR RS . Horr, 2R 2B R 5 iR
DA RO R BEE , FT B TR 2 A T =



4 LIS R SELE E S Laboratory Animal and Comparative Medicine

g3k
Nozzle

C _ BEmEER

DMD chip

ek
Nozzle

L lES

% Model pattern
Light §\
- %
¥
| s—

] L

E: A, BEXEYIDITE (BEINAENRK, FEK—BLUEDREMERKEL) ;

B, HFHLENIDITED (FEFTENELRIM L

REMEK); C, KEMEYDITED [RMBHFHERE (DMD) T F, EEEIIMEHEMLREX IR R EMEK L],
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B, Extrusion-based 3D bioprinting, which prints continuous filaments of bioink layer by layer; C. Light-based 3D bioprinting, which utilizes

a digital micro-mirror device (DMD) chip to project patterned UV light or other light sources onto the bioink.
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Figure 1 Schematic diagram of the working principles of three types of 3D bioprinting processes

SHFRE FERRE TR RE . [FIN, B ERERIRE
A, FERRSCR IR IR R G ER N, B
A THATEIE R R E AR & .
122 HFHAEYIDFTED

Fr =AY 3D FTEIRORE A MU 1 SRR 40
7z, M SEEE LR 3D WA . HATDIGRAT 124
Wbtk HsZRemdni s g O SRifn, mBTYIR
O SRR B AN 1 R B KR R R R
Misgmn oy Ptk g, Kt £ =T agar st it
JERETKEIVIN ). b s2 K MERERNFTEN &5 4
123 FKEMLEY3DFTED

SEEEA) 3D FTENRORIRFERE T 23 4=
AW AR, B FHRLHE (digital light
processing, DLP) FTEIFGASNH] ¥, @5 7Bt
P sl R G TR, AT E=k
WA HRRINEEY) 3D 850 Z R RBMERBIYI N A
FIFHERFANIE J7, = Hes SOE R 2 2 i
ghii. I, SEEEFTENRI R R T m Y eE T
BE M, s R SRS & & YK
FTED. AN, ANTZGE (artificial Intelligence, Al) 5
AASERPRETSFTEN SRR, FF st E A4 3D $THITE
P TAEFEIN T

2 S£Y)3DITEMREIAIZSYIER & R A
REZPIHINA R RSN, (HARYE FDA R

RROFAHOES B, 2021—2025 5 [HHT 25 3R R
HAREE LI Y BRI, SRE L. R
e, IREEZGWIARIL. TR PRATIIEATIG R3S 2 1
BB LT, 25K IEH — R P2 TR Ih RS A
ORI RIRIE, £40% HIHTEG1E @I s
R M PR AT 36 IE J5 A7 2 72 M R L 6 B Bl i 2k
W, AR SR BRI K 7T T R REAEAE — R JR R
Mo BESL, TRAIRER R IAEAE TP T~ & MR F A 5
Jrrk, X — e o DLIE A% e I PR S A AT 2
fili o BRIk, AR BT AU R 2T 05 e 75 T

A fEIIENA S A, BAR
RS, IR R BRI R R R

A1) 3D #T EIAEAY F T 25900 A B L35 32 BRI
WA — iR S, M55
RIS, MWEEE ST AEENBERERL, NI
RGBT G MY 3D FTHIEARM
BEEARFENRNRERELY, DOHMEZYERTTRUR
KB e
21 ERIER
211 R R

TEAEYI 3D ATEN IR, ST EN PN Bz 4 5
SR, DIBFRIRRZE. BRI E SR K
ST AAE 2 a4 N B SRR B S L A, U
FTH5EECM B, A, Gmgiin s AN T2



LR ENM S E S Laboratory Animal and Comparative Medicine 5

PARISERE M AR MERNIR AR R R R B,

Tung %5 ' EEFAE 3D ATEIR AR, R T8
ZIME BT (neurovascular unit, NVU) ) HEEZ R MR
SR (glioblastoma, GBM) %Y, A1 FEFHIMN
AR . ZARALE 3D HL— BRI 2D B — 55
B e R H F R IR AL A R B, BE& NVU K 3D-
GBM AL HERE MR . A 5 5. M A sAE o R
RIFIA B, RIZEAEAS &R IRRAELIE, %
Wi Z5 REREA, MR A 2B &Y H E AR
B IR IR I R GEROPE R, IR R e 240 B 1
T, SRR i PR AT RE 5 S it B g
MRHERR S o

Desigaux 25 U5 SEFTEPN Rz 400 IoRakE e Al aF 4
Al (tumor—associated fibroblast, CAF) 1 JHed £ it ,
AR ABFE CAF TERRE A& A 4 e AR HH AR - DhRE o
KILCAF AMUZ SHIE VYT, R ECM fEHEZE T
BAGHEEEW . BRI & CAF FE B XU TR
B EEE (XARRMREEE), PR ETH4)
J971 kPa#127 kPa,

Tang % ') {4 ELRAH AR & 20 1 5 R JE A GBM
T4 EIPR A A T AR B A 3D 4T
FI GBM 81, WIS ELRRAH A A4 A S B0 R B
EERE AR R B v A [R) 78 POIE Y GBMUARFAE , L ELWRAH A
Pedelm M2 R X —BIR 5 GBM rh ELWRAH i (Y
WACFHEI & o MR B FREE SRR, AT
A% 3D 4T B GBM AR AL A 53 /K- | 2 IRt 7] 58 50T
T4 GBM HORFE, FFATFRME IR & PUREZ /K (chimeric
antigen receptor, CAR) -THHMOI7 AN 2H:; X
SRR ISR MBI GARML 7 FEICEA [, %
PARFFFTREL, ECM B 85 N AT & 1] CAR-T 2]
BB R ThEE, & T —MalE A
5S4 CAR-T ALYk, AR Al B ECM 7 SR HY
GBMiaIrHkik. FEfS, ZHAIBNAIE—22F CAR-T 211
RO AR AEY 3D FTEIR BoRsald,
BT AEYIEL R X CAR-T 40 Hia 7 B g2 1), X
BUZE IR EAIH, BR T SRAE AR ZE AR A S B2 5B,
T AR E | AX T F A 3D FT AR 5 ARG T 7
BRATUR 2 ) S it SE AL B O E
212 fERmIEE

FEARGYRAR RO, AR YN UL B R v b T
B, (BLEY 3D FTEIROR EA I I A ZARH)
FAMES N AR, SZRORGEG IR 5 IRz

RS 2R R, AR R R, FIEAIE R X
LA A E YO A AN AR B BE 2 I ) BoR HE 5 RARA
LR REAR U, FEPHE R R R B R . A5
R ARy ORI 5 T B A EEEA . Beoh, &
Y 3D FTENSOR AL IS U4, T 7 e sk e dm i sl
JERAR 2R 20 2R s A AR PR AR R B BT AR S AL T 267
8, HFEEREIRIRASAE SHMEHE 2 f, BUR
FUX— IR R G HITBLESN

Johnson % 1V R AR 3D 4TENHE AR & 1 —Ffisdt
ZRGES, BEMAMAERG A,
AR EAE3MEE: (1) A&ESHETr e
gz, (2) A8 EMATTHE T EE A
RE (peripheral nervous system, PNS) IB=; (3) 1
SR REAHRAD bR 2R SR B A T . T
A RSP RR Rz R, DI R &
BRGFEIRIATT TR, HRARERNIERGEERN
JREFI I SEAGXT B o W BESE NTE R L B —R 2
PRI N RIA R €, R T — DR T ORI AL
BRENE . 7RI, WIERIFEAE PNS E HIHI%
Mzgrhizkn, WG E= s R E e, T
I3 B URLAE [F) At DI O A2 1k h 32 21 1 BRI, i
AR AN S ph e R NGRELH B — i, RS
2 FRIR . XFHFRE PNS 5% FR i & o i B 218k
Jb=E ST w5 URLAR 6 211 & i 2 e N 2 IR 4
ff, (BRI REIRAF A BR FIZH A 22 1 Bl 22 O B IR Y
WA T BR T EBITHFIRE R G B AT L]
RSN, ZMERG O IEIREE. T TEME
FIHERIZ ST RE T — P RIGHERTE S, EHT
ST RERTED (WY, R, FB/AUREESE) fEd
KRGRHHIF o
213 ERmEE

EF R, BT H R EAG X &
FFAEAG R DU AT L AR U s .
Y 3D ATENRAAN R = D i Al hey it B BRI SS, RE
BERE LT AR E 7 3D B AR B SE IS
i N E SRS Ga g Ao

Banerjee 3 20 YR N FH MR BN H S LT
B, piohtle 7 AR KEHNE (Gaucher disease, —
i DL HE e AR R R RAR G , (IR IRZE AR D RE s
B3, EIRTCAIRE .. AFRECRAIRRThRETL#ESE) 3D Bk
AL, XFRERAREF R A, Hf R LE
A 3DATED, EEt ki, SEIRT AP EKE)



6 LIS R SELE E S Laboratory Animal and Comparative Medicine

3¢ B E HORS B ) SRS VR, AR T TSR
FIENER B ERGEE N EEA IS . 5NN B
(1) 78 JoA A AR AN [] 7 B R A St SR 2 Y S I
Rz TR, TEREIR G, BB B P
SEPATENRR, REHECRCER D BRAK, ARURTBCE LN
TIEERE R, SEIBRARRH B RIR A E A X —id R
AL T B R Bk, LI T RS A2
o X 3D FTEN bt 2 e i R A T T
73, MBI TE R B AR LH], S
FHAETE R & o HeA, REEV 3D FTEIR,
ARFFIRIT AN E P AR N 52 2] — & IR (24
i A e SRR AN e 55 1 = S BUEY) SRR BRI ERME, 12
EFTENE RS G5, BLE S BRI AS i
RN Bl — e T, EAAIFURAAY) 3D ATED
RS 7 — kg A Y, DR ENIZR
fEAVIE (amyotrophic lateral sclerosis, —FPLIANFZ i
HECRAENEL . XTIz Sl S AT B BE R F 2 L R N 32 2R
NFHERIZEIHETOR, BRETRLE) BRI T
R TR LU A BRI o IX A R SRR A
il B 3D FTENZS 14 AT RE 2 TaR T =4t R i L
TEAITE AL

22 HYSHEFEER

220 BFREREE

FFEE M BRI 1 2 R B A IR R g i A
KRB ERR <z —o Flan, 2B RBIGIT4Y)
Fasiglifam (TAK-875) HE#YESEIRG
(drug-induced liver injury, DILI) 2 fiRaERkzh Ei,o
BAEIRRATEIYI LSS . B ARG 5 IR RIR
RIGHIXTEEESE SR, DILI R A a2 B I — 2
XAIEAIN T MR 2 i E VB R 2 M XU,
RIGHEIN T 259 A RAR R RIA G S I oA . PRI,
FER DA A ARSI R Bl 1) = 28 O A M A
I — P E AT IR RIS .

TSR, AR 3D ATENFIR A DA USRI
o AL Y REMR Y, AEYIT RIS AL A
Pt RN A S ik 41%, XS5RFIEEAR)
SNBSS EhRE, DA 2D & 2 M Tt A
TR —E B, BTEAAN4R. FFERGE AN
N B B8 ik N FZ 2l B2 (human umbilical vein endothelial
cells, HUVECs) TE Y 3D FTEDARFHEREAY, FH
fifiP &2 (—FhJcrkimid g P T M A 259
SEEARE 2D FEFRYIMI 3D FTENY), ERIEAGINZS SRR«

BB RFIE T, 3DATENYAdh(RID 2 5
xf HE HREIHEIER B R T 50%; HELZT, 2
F& TAHERYT T S5 AT [ AR A Arve 2D 5577 (AR
M= AR T Bt i D EagrE, WA 3DATENFAH
SHETRNIGRAT 1 5 T EE B s P R
TERFARR0 T S FTENES G Lt T 2Rtk Ko
RSk IE S AT AR e = AR VB S 2 se TAIEATA
RERG R e B4R, FFit T — DI NHAR B =445
My, BN E R KA BT ) B FTED, Al
PR R AT EARANAE . HUVECs Z [Rl 55 a5
5 97200 2024 £F, Dey 4§ 7 BFRIT A M AL
13D FTENRFIRIEAAY, AR R A FE dECM /B 2R
FTENARL, S5 EMIRAERSE, AR IS A
BE. ARSI IE A b AT s P
PEFIRR 258, @IS IE 3 e niG Y7 e 2 HY
SEADNAJREE FLIRMR ST TERIANM (1 2R P450 1B 5
TEVERRL, PRAS PR A 2= S RN AR BEAE DG I o &5
RER, iREEER ST R 2P AT 31
J R 7T THIZRE H B s A REURRME . 24 h AT 72 h N RS 4L
BRIKE (median effect concentration, EC,) F14H I
INFLRR IR SR T2 2 R TS AL, MESE 1
NS T AR AR = [ o
222 OAERE

L O T S BCLAUIASE . OUFESE, ™
HEGUEORRE S OME T ARE, N2 2596k
R C ERGYNR T, BN, TR
FEARE e i FE i CIE B S s, SR Eh R
RNIIFRRELRS, #Em B QT RIE (R Rk
MR ), H9I0 T BFEiE O AR E B R AR
B Y, BT LR S R B SR, TRR
A e R AR Ml ARG AR AL B AR e B PR,
OEHRBA S AR M e E AR, JoHE O
FILER L O AR S B 25 (A1 o HEF XA B A R A o 1
ER#kiEk ' A9 3D ATENRAR AR 25 Wi e
HIPFA R BE—Fh R M RS SRR TS

JRARAR O WA AEAR IS TR 1 T HETERE 132
PR, [ P T L2 L ) SR BB o FEE AR T o AL T A
Xt — B IRG RS E A . Bk, AT
R AR 3D ATELOIER ALY TSR, B s S 2 68
T4l (induced pluripotent stem cells, iPSCs) 7€ [[]47
RIS )L AR R RO A1) 3D 4T B AR Y Y 32 2k
T Arai % B0 SR IPSCs SRR A CMILAIE T T 44



I SELIRES Laboratory Animal and Comparative Medicine

3DFTEN, FRINAAEE T 2 2809 3D OoEAR RS, it
N REE I A DR AE DhRERI 3 A &R 58, PEAG 2
YHEIT XU BEES A VB E R s, Bhah, PAZAEN
FLRl A AEY) 3D FT ENL O BRI E G E M A i S R
W7 Mo Iwanaga 55 BV SR A BHRAIIEBEEREE U2 &
YIERFTEIRIRE, & TR S, AREEXHE L
FRAECWLARAE, FE2RR T B ShaS a8 RE T A 4145
M, 2GS ERRE A fEe T, ARG R T
FHRFIE T L AR 2R S RV AR % 3D FTE
OV LR R

DR JE /O B AR AR AR T OO L ZE 2R T2 A i 3
SR R 62 RO 7T oK, A2 3D FTEIHR ARMIE E
SR EARME G BB — MR R, Liu% B R
T AT R IR 2, KA 3D FTENIR RN ER LS5
HRARGHES S, AT HIEMERS 3D TR IEHZ,
HRBEERRMEE SR, WEEATAMARN
DR REAY, %77 R IE IS AR 3D FTENRE AR #5740
KRR ZIENELE, T R FH i FL. 2 22 (S RSk TR AN
KEFHEML,, FBRIIECM RS, eSO IaniaHEs,
B SN . [ OER ALY 259 2 2L
£ (doxorubicin, DOX) FI.CoE B 1 A7 7115 H7 e b
(dexrazoxane, DEX) WHZAEAYHE T2 MR NEEE TR
fili, S5 SR T DOX A K LLAR i sh A%
TERTS hiZWg 0, 6 h 5 Bl 22540 & & B[R] A ZE K 1
B, EREE T 2D XTHE4, XAlgEZE N 3D
FERE L LA B B MIIADEX S hfg, &
Fr A 2D 5 BEA B OB R RSN SR IS A g I e &
SIEER TR, RN DEX BUSLiedrh, b 2amnk
BIEADOX, WEhEH A8 s AR R 3 & T DEX R
WRINA . X EEE RAE/R, DEX #1DOX B A IR
T, OIS P N A AR A O R PR T T2
HTEBETE.

3 HEY3DITENMEERIALNTIENA

AL TS, BV 3D FTEIS AR EEA
A IRERT 3D HAETH B bR, BT SR80 52 4%
NEHLRFBEAL Shaelt B E 8 RS, H
NG K B#s. Bk, MEFHL. RE3DEY
TENFEALA TR CaBe —Etthk, EiZEoR
HIFTER TR AR . A RIS R Z IR, DURAEA
ZINRedERy . ME Ll S 25 )5 T B Pk Ak 7324
PRI 2% RO R

3.1 X£¥3DITENB/RE

BRI, P 3D TR T Z SR A AR
MSLE B EE 5EE. —2RA G MHREM RIS £
3DATEHIREAY), X LA AR N & B ERAL A AR
i, SREHRIAEE A S RE, DU A E R AL P ThREK
85, RGBT RRARL, A 3D 4TENMY
B, XU EREHLE, FEEEHEE
WFE SRR, REERBEREHEENR P, Yan
S R CNERHE T AT R, BREE
IR ARk, (e M A e A, ST
PEFHHRRATT . REEV3DFTEIE AR L2
BUS—E R, B — 2P i SR T LA
RE. MR A B Z B IRESHRHAE, DU IG5 B IR
BEREST, IR LT HLN TSR R E .

A=) 3D FTENRER [F R T sz (7 R T A
R H L . MR GBI RZ JUESFT FIEE 441
hae SEERBORNI . Hrh, KBTI
WEATREOMRZ —, HA&EREIKIENZ LT,
FMTEFRV R 22 R s, RS2
TTHZRH . KEREEARETME, s iib4 A
BERR . I, BRI RELEES
BURIIR R B IR RS S, AR ST kR
B IR
3.2 HS¥3DITENRZBK

BEIRVEN AR ARIIZE , 4 RE N SRER
16%, BRI BIEFEZMIT6E. AMaKE kR
AW 3D FTED B RASIL B OB — 3R, BB NI I
JigE (gelatin methacryloyl, GelMA) 1E RN Y HI{FHREN
Iz EK Y, ERRRBEEVRIRINES S,
TV REE— D58, AE R R R A TR AR 75
Ko Shi%E B RiE T —FhH GelMA. i & A &
Vi it ) B B AR s K, BT B IR TR T N
i AERE IR, Jin%E ) JF& T — AT E 28
L ERR= B 3D FTEIEAL, B GelMAFIA
FREZ TR E . AT AEAH AT SR A0 A
R R A H R = I HUVECs #1 GelMA 4] 5 HY
I8 MESFINESE S it Bl 124 25 1A Sz R AR AL 2 ffo. A
KGR M T A R, REEY 3D FTEIE
FERAR TP RMHERE ), B ERESIRTT
HENAR, BEiEEEZ kR, fInHEREST
B3 RIS SRR R RE
3.3 4£4¥3DITENME

HAT, O BIRIGTT FEARE T 28/ AFIL
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JEfEMF R, BARMEBHEEEAARERESET
FEREG kIR D T XU, e DTG R I R 7 K o [RI
S ML 0 S5 o LA A DU T M S5 HE e e B R B R
it KL, HFEATMERMECER, mART
FRA R RS SR A LI E A O TR RS
AW 3D ATENRORAE N TR 4 Bk, fEH
PEIME SZABET LN U b B
H5H EA BE

SR, FH TR I TR AN AR EOR, DAGHR
FHER — ks BT RHE N A= WD S8 /K RO A9 3D T EN I AR
RSN R R R K, S57HR
BRSSP BE A BB B o Gold 5 1) A
T GelMA . GASKAE AR &R A -1 L AN A 2E Ak
AN TS, A A5 A PN JE At T N S A
SEISAER G, X AR R T AR R
HEREHEER . Wuss MOBIRSI AR ARIR &
RRANHREERR N R T — Mg B9 EMISRK, A E0K
FTENHISC SR B BRI R R R, I RRFLARS])
fik, B REFRISURZ ARG E M it
ARSI R A RRET, M S22 A 2R (R
3.75%, MFEBEEE, BANENESS, EYHEEE
Gfo DAEEFRES R Ay A LInE iR A iR A i
2%,

4 £Y3DITENERSHYERRIZE N A

KA 3D AT BN 5 R e Rllm PR AN sh s A
RXNLF, RERS BEARBU AR A S Ze A it
2, MW EmILEl. FEEST . KA FIH 2
AR5 THI S 7T 50K o
41 HEIERFR

A=) 3D FT BN 5 s AL FEAT LR S8 rh A B A
T EARIAEN DT . —J71H, 3DFTEIEAYLERH
PR T RS, SahPR BAA R iRk
IS 2RSS &, AT TS R A — 1 By 4
HIPIR LRI G o 5 —JT 1, 3D FTEMRALR R
b N 2N EP S €/ RS P 7l L R E T a ead e fa s
MRS EANT, A B TR & AR R AR
ERMH o U0 Lopez—Carrasco 2§ 2] S@ 5t FE AN TE] 7]
SENIRE R BRI RSP 3D FTEDRLAL, JESEALE 1]
JEFEEZRIN A 3D FTEI AL b, iR ARSI i (5.
FHHER R AR e, s TN RIS
R R A RO T ELahWseae R Bl

AL P BRI AR R Z5 R, 18 = NI KB B 77
(AR Af BT A 798 T IRAE, TR H S B B R IR R
Br/NERERL AR 9 Stk el EA SRt
[FESE 5 NI B R R AR 1

IR, 2R A\ i IEAE SR & R s
AT, A 3D FT ENRE AR S e =K 2 B AL 7T e
LT F TS o RenSE ) FENSG /NG (—Fh gt
R TE/NR) BB AE R AGRIA R R
HIEEERES S, BRI SRR, I
KRR B Ik A IRUR . G5 R, JHEER
i BN 2GR S L R B TR 2R B O AR AR/ N B
HRRIrRER . 5EEIRKIRTT RN BA & RE—2E,
G 1CCO5T HIZERR B AT 5-aU R USRI B =
AR fE BERIG YT H e F 5— 98U PR IE Y HiT A1) R B il 7
VEGITZ3Y), i 4 % 26 D H IRE VT 45 R R 1%
BETERIR . ZRBEZA T PR
HEHPHIPHG AR, BERRTOWR AR, N
R I e B AR AN R B AR 7 T R T
RS . Ak, ARIGIAREELH W R AR B %
JRALHIEH 7S A2 I R B2 5 h], HEEsh MR RS
ANERE 5 3/
42 FEEEST

FEHEETT MRy R OGRS, kY B
AOMARRRIE. BIEHEE. RRRIEMEMELE R
FETTR, BARREERRINEE S Z—. LY
3D T BN AR B AN R = R U5 A R = A RS A (patient—
derived tumor xenograft, PDX) MBI (—Fjmi ks HE&
TR ZH 2R RS A 2] S e R B sh 0 1k AR F2 O T PR AT AA 52
RRAL) B2k BT R E A AR s, EEREEA
FirANAl o AR 3D 4T BT AY B8 0 B R 0 1) B B LA
NG AT B PR, i PDX Sh#is A I B 1
THREGSENRENY & Z R EMEEERNZY)

FH,

FIFAAI 3D ATENR AR AIRMETT . JEIANATT . S
TOEBZ MR S A S T, mid ke
FERIZPRRE, AL TR A E R LRI 259 5 e
T, WEBFEREGARIRNAER, LUK
TRAGTT o LA BT AR . AR
73 FHUHIRHE RO TS, WO TR A B AR e Y & 2
RIBFEERS AL TS0 HF 0 Zhao 55 17 ff F ORI
HOZ B Ml e 3D FTENAL, I 5 2D FLE A AL
XFEE, JRE 3D T IR AT R R 245 DR B Y B v ) A
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P, BERUR NS IR BA B R sede — 2. Al
Shihabi & ) 5 T 126 PR B Y 194 DA (i
i 24RO EIBS PRI ) , A R E AT AR AR 3D
FTENI AR SR BN T — il R R B IR L iR AL,
AR B — 2 &R MR R B2
BustEfmt e, NEEERIRT TR, LRI T
T, 59% BIREAR Z DRG] —F FDA fEE sl SE EER
¢ & i JE W 4% (National Comprehensive Cancer
Network, NCCN) HEEHIARIATT ISR, 80.4% HIFEAR
Z/OX MR A YR B FE R B, HAh, Sun
S W7 R AR 3D T BN AR R (N 45 L e S LR
P i BB AT AR AL, AT AT AT OS5 1%
TR R AL SR GE bRl B AR AR G AN e i, AR
Fe T R otk DA 5097 B IR R4S SN H 5
Tk, BIRGEIREH, AW 3DFTEIEEI RN Im R
AR 25T 12575 ARG LRI PE T

PDX SR EH AR . S P, T
B, 5 AN IR S BRI A SR RHE B AR
BT RIS FARR R 5 ), DRI B R A IR
MR LidE ) (f 4 2 B3 AR RS 2 PDX
AL (A 3 FEE R KIS RNA LYPLALIL-
DT FRIE K& m T 40IEE ) R RER,
LYPLALI-DT /& 3% jA& #y PDX B o | 4k 7% #E 59
(Venetoclax) FIERE M (hydroxychloroquine) ST
TIEA RICHE SR B SRSt T, &R
SIREILEC 2 IR AT R B R o B FTEE SR AN
R PDX A S BB ML 7T R B A EZEMN

F1 BEETERERML

Table 1 Comparison of common models in precision medicine

8, FRARIGHE TP E T AR BT TR, JF
BRE 1Sy IR AR IE RV E . PDX AR HY 28541 H
CEEER, HERHHARIR SRR 2 K
. OAREPIRTES 73 b 253 fe EAO 29 5
EHo

PR, ABRUZR O HE S R T H.
AR A ATSRBD A 2 A 2 o AR R AR S A BT PRAR AL AT
DM R R TR IR RIS B, Besiar R
HI R RAETT29.2%, FEARIESZ ALUCEIGTT
HRAEFIER . ATE R GER AT B AR R
B, R E 25 R OBL, AT dE S 11 PR F 25
Ji%o
43 HYRE

LRI ST RmiET, ARGl 2ok
HE, LETHY il T ER A T 2D 4 B IR AR
AL, AW 3D FTEEALAE RN B FR T T R e Y IR AAH
KM, FIRHERE T IRz p Bt AT A A A E5K,
i E TR A SR A SRR PR T TR

LG

AW 3DATENSOR BRI T il e, 4F
B AE B B BM A 1 DA R AT LA SR I F 75 i
RINR o Herpers 5 PV G HL5 B RESS 3R EAEAR
J, AL XS i 500 FiEE ) Wt FSZ 44 I o= R TG
(receptor tyrosine kinase, RTK) 155 %5 i/ # 1Y AU
SRR TR EE R G, ZIMCLA-158 (—
M LGRSXEGFR XU ¢ ME i &) ] DLAE 5= 1 B i
LGRS+ i 7 40 g 2% 1 B9 3R B2 7 R 7 %2 1K

ERIES - " PDX zh# R B
[t 2D MR EY ¥ 3DFTENREY ) )
o Patient-derived xenograft
Model types 2D cell model 3D bioprinting model .
animal model
SL38 AR Experimental cycle 1BER 7d 3-648
A Cost 1000 ~ 2 000 7t/ HE T/ A7/t
2R INZ Modeling success rate = = 1"
& R > Clinical relevance BIR = =
B E(S EIREE Genetic information fidelity AR = =
BIE S Reproducibility = = 1E£
MAFHE Cell types AR ZHL, SEZMAE ZHA BEZRIRAERIE

RN System integrity &, (NABER

¥ ariEtt Material controllability
1B £ Throughput

ot eH

3 AR/FERH, HRZHNSER
AR

=, BATEEERE

1%
(3

at g
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(epidermal growth factor receptor, EGFR), MifiZ& {7
T, MATER SRR EFIERAN, LA B
g R AL A AR I PR AL R I8 97 R . IR,
MCLA-158 # 3K 75 T 32 [E FDA (357 2 It R 36 A
Tebon 55 U1 JE 1t A= 4 3D #T ENFZ AR 1T E {0 40 Ao
L A E IS AN RS (high—speed living
cell interferometry, HSLCI), SEELTGEI. Johric. Hf[H]
SIHE G, TR BIRT 22K 38 SLE S s A T
M EE, RASCIIN AR R E A2 I N
fbo HSLCI 5 AILS GG, Aldt—P R EiRN R
HEHTER, BEEMERFEEFAKIEANSG
s R, Wmta SIRKAZ . B0, EVI3DFTE
AR R G &G, GERINXT 4 8 R
5% 5 MR AL G HIR AR R — R IRy
BEANT e AR
44 HABEWRR

FEHLRASU, REBEMERE. fEix
ST AT 0 DL [ A6 PR 4L 8 ] R BRI 40 5 T
PREZER 54 RER R . A0 3D FTENR R A& J R ixX 2L ]
R TR AR LSRG o ZAoRB I AR R Bl
BEMEE IR, EASEEEYM R EERSEE,
VAR RIER RO PR, 75 S PRG0S
ARE S ST e e, MimseBlHR KA
SIS =1

BARmME, 493D T EIORFE A 2R A= i B2
., FEZEMBES TS, FFE3D MRS
FRMWE . XUREERBERNT TSRS
HIZhee, NesBERHERME T eHEERIBTr %R, A
R T s B AR BRI, [, fEMPRIASUE,
A IREH ECM RIS AT A B T B AP iR o S s HE R (]
Ao A RIR B TR T A 3D FTENEE 7R 2%
BHTEHAERME, rIERARRAMAERS B BEA
b, RFFEEFEENTRENE, mEBS THEZARER
ARG, FIU, HongZE %) FIH 3D FTEIHREA
Hile T BA /N LS BT SRR AR REAL, AN AT
HeRrEi e, BRI hRERBERGRIZA A&, 1R
Fote e ot REF B4R SR, o ELAE Matrigel fELA
SEAG A T IREMEIE, St A AR o
WBHILEIEH (a—smooth muscle actin, «—SMA) #
CD31 Gt i 7R 45 M) A 2H 2R Bk s DA 50 1 200 i 35 5
=, BIMEERNBER, RN THEEEBE
SAERIH ERIE T T,

AW 3DATEME A — M s I R4 5 1R 530
PRI B S N, R H ARG S T rh AN AT
B —2Ro IR, Lopez%& 4 JEIL W SEAGIEAL T
—F3DFTEIRE AU, S8R Bz REWRIHEA
HN8%, LI NT5%+8%, E5H¥EIS], AILL
RN B R EIE R R IR R A, HReasl e
R 2 BRI AN AR DE RSB A . HAT, 3D4T
E A5 AL 2 ) S 56 78 0 I I B L R B R
& [57]\ LA [58]\ M Al [59]\ 7 [60]\ %%’ [61] &
iR E AR EEMEBE ARG, il
LT AN E NGB, shPI R RE A R ik
WE LB 52500, BRMERIRRATE
P A RS MERL T R AR

i BTk, AW 3D T RIS A AE LA A A
JENIZINA], i ELAE P AR R 22U B AR RO A
SRAFFTRIE AL T shSEda k£ A=) 3D FTENRE R [ i
IREGACHIE AR P RS R IR Z A . ORI R &
AMONERIRGFASIR BRI H At TR R, FEN
EE AR BRAT A RPEE A Rt TRl Ao

5 BRESRE

A9 3D T BN RN BE 25 Su il ok T EREE
5, SEORERGYIR R . AR TS CHBTE —E
i, BT BRI MR GG T, AT, B
AR AREELIEZ T I, BT EREREERISER
Fm. Heh, AEYIBDITEIR ARG ALNREE, DILE
HEAAREAR A 2 s 2 R RS &, Rk
P RS RTT o

LT, AR EEGOELAE s R G A 7>
Hrep BAA SRR o X BORANE TG4 S REATR
TR AR IR (6 PR AT B SO0 SER s I RO s, o F
BRI ERTENIECR . ZE9 3D FTENEAR/E i
RS SEaR 7T iR EARIN], B ATRORHYES & B
ERCHMIAES . Ng%F ) IR T AT ARIEAEY)
3DATENFFEIZMIER, RIS HOETTENS B ST ED
i, EAMEMNBEEMITESE, DI ESE
I B IAIZH B AL, DAl DA R B AR TR]
Ao ATSZAR BB F I e DIEg R AR SRk A, I
BB BRI iR S HMEE /T, i EshPISEes
HIBIFRTCZ o [N, 456 BB R IERUE A AT
A, BERBOLCEYIFTENH A B, SR EALATRS
WEIRTT . AR, AEVI3DATEIREL G ALRORIZS & 1EH
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A R 22 Hhii e BN, 7FFERE S PE &Rk
TRt R SEikdE, DRI HSRIEA AR STl R O — 3
XN IR RS — . FEHER, iR
B 5 AR Z A RE T TRIVER I B DIAEOC, IX (15 &
Jo B BN B SR O AL R AR T GE I B G . A
e, G T AR s T b R ) 3D FTEN S
ATEERAY S XL 75 BB e ) < B

SIES, A8 3D FTEMRAL S HAl R R
RLFITER T BEAMN R E NG . Ban, A9 3D 4TENAY
BAEENE. USRI ET 7 ks K
SEEIIRSS, EBkZ BRI S K R BUEAEE T
YRR BA C R AR S, RSN
S 275 T BAAMR LSS, (B ER A I R
RAMEBE N E R, [RI, 35 B2 SR RIAT A
TITFRYERE, BB THERBRIEI MEERTE. B
A, XS XN AR CAES MpomLH SEETT.
HATRE, YR REEES SOEEERRE, &
W1 3D T BN R 5 SR AL (1 45 & TR AR & F T 25 00
i\, WTEF RBIWISEAGAT R S fd FI A= 3D +T ENRR AL HE
BRICRE, s Seas sl .

BESh, A0 3D FTENIE Al S E AR Im RS
BIANAEAED) 3D FT B AL Fh 5 | A s AR 2 ASE L KA
Bagr, X2 TN AR A 3D T AR R AR A AL B
A& BREMRGIRET I Z . REXERARE]
e HAMB T RSB, EENEEE TR M
TR AT B, WRimkREESKRE, £
P30 +T BRI 5 HoAth A Bl RS A 52 OB R R 1
SHEZFRR R, GEAETFIFEIET . ShHz
R K A MR BT 7 SRS S SO HE BN 122 25 Fll 81T
RIRHIRZLAKEN T,
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