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[ Abstract ] In recent years, 3D bioprinting technology has developed rapidly, becoming an essential tool in the fields of cancer
research, tissue engineering, disease modeling and mechanistic studies. This paper reviewed the fundamental principles of bioprinting
technology and its current applications in cancer research and tissue engineering. Bioprinting is an additive manufacturing technology
that constructs complex three-dimensional tissue structures by digitally controlling the layer-by-layer deposition of biomaterials and
living cells. The core steps of bioprinting include designing a 3D model, selecting appropriate bioprinting techniques and materials,
printing layer by layer, followed by post-processing involving cell culture and functionalization. In cancer research, 3D bioprinting
can create complex tumor models that simulate the tumor microenvironment, revealing new mechanisms of tumor initiation and
progression. Traditional in vitro models, such as 2D cell cultures or animal models, often fail to accurately replicate the complexity
of human tumors. However, 3D bioprinted tumor models, which mimic the dynamic interactions between tumor cells and their
environment such as immune cells, stroma and blood vessels, offer a more biomimetic platform for studying tumor growth, invasion
and metastasis. These models provide a research platform that closely mirrors actual tumor behavior. Additionally, Bioprinted models
and scaffolds can be leveraged in personalized precision therapies by efficiently constructing patient-specific 3D models from their
own cells. These models enable the prediction of patient’s sensitivity to drugs and radiotherapy. Additionally, localized scaffolds can
be developed to meet individual patient needs, allowing for the formulation of appropriate drug types and dosages. Furthermore,
3D-printed scaffolds can support drug delivery by targeting specific areas, reducing drug-related side effects. They can also be
used to facilitate local immunotherapy, cytokine therapy, cancer vaccines, and chimeric antigen receptor cell therapy, enhancing
therapeutic outcomes. In tissue engineering, traditional tissue repair methods often struggle to address the complex requirements of
constructing intricate tissue structures. 3D bioprinting offers a novel solution by enabling the creation of complex tissue architectures
and promoting tissue regeneration. Basic tissues, such as bone, cartilage and skin, which have higher regenerative capacities, are
gradually being incorporated into clinical practice. Significant progress has also been made in the repair and reconstruction of more
complex organs like the liver and heart, though considerable challenges remain before these advancements can be fully translated into
clinical applications. Finally, this paper discussed the current challenges and future directions of 3D bioprinting in these fields, aiming
to provide reference for researchers.
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Tab.1 3D bioprinted cancer model

. Bioprintin, Bioink or
Cancer type Primary focus tecrl)miqueg substrate Cell type Key outcome
Glioblastoma Immunity DLP GelMA, NSCs, The model simulated the cellular composition, cell
GMHA astrocytes, density, and matrix stiffness of TME, investigating
GSCs, genetic and morphological changes in the presence
macrophages  and absence of macrophages ' *
Cholangiocarcinoma Immunity EBB GelMA RBE, TECs, A CCA model was established using 3D bioprinting
TAFs, TAMs to explore the potential applications of the immune
microenvironment in pathological and drug
research ' *!
Neuroblastoma Vascularized EBB GelMA NB, HUVECs  Perusable blood vessels were printed using a support
bath, simulating a vascularized tumor model "'’
Skin squamous cell Vascularized micro-EBB  Fibrin-collagen GFP-HUVECs, The study developed a vascularized 3D-printed
carcinoma hydrogel blend  fibroblasts, bioreactor. First, the PEEK bioreactor was coated
mesenchymal  with bioink, and vascular structures were bioprinted
stem cells on top. Spheroids of cancer cells and stromal cells
were then placed within the branched vascular
structures, allowing for dynamic cultivation ""*’
Melanoma Metastasis EBB VJdECM HDMECs, The system recapitulated hallmark events of metastatic
HDLECs, melanoma, such as tumor-stroma interactions,
HDF, SK- melanoma invasion and intravasation '’
MEL-28
Glioblastoma Stroma EBB BdECM, GBM, The model recapitulated the structural, biochemical,
HUVECs and biophysical properties of the tumor, exploring
the impact of mechanical properties of TME on the
tumor |7
Breast cancer Stroma EBB Pronova UP  Breast cancer 3D bioprinted tumor models of breast cancer
LVG Sodium cell (MCE- cells with different phenotypes exhibit distinct
Alginate, 7, SKBR3, microenvironmental characteristics, and the different
gelatin HCC1143, stromal cells have varying impacts on the tumors [s]
MDA-
MB-231),
HMFs,
MSCs/SPA,
HUVECs
Liver cancer Highthroughput EBB Pluronic F127 HepG2/C3A Provide an effective in vitro model for hepatotoxicity
screening and sodium testing (o]
alginate
Lung cancer Drug screening PDL PEO/GeIMA  LL/2, A549, Compared with 2D cultured lung cancer cells, cells in
NCI-H1975 porous microgel are more similar to those extracted
from the existing gold standard: mouse transplanted
tumors, in terms of the ROCK-actin pathway (0]
Colorectal cancer Drug screening EBB Gelatin SW480, THP-  Compared with 3D bioprinted single-cell model (3D
1, HUVECs printing-S), 3D bioprinted multicellular models (3D

printing-M) showed significantly improved expression
of tumor-related genes, 3D printing-M group was
significantly more resistant to chemotherapy fard

NSCs: Neural stem cells; GSCs: Glioblastoma stem cells; TECs: Tumor-associated endothelial cells; TAFs: Tumor-associated fibroblasts; TAMs:
Tumor-associated macrophages; NB: Neuroblastoma; HUVECs: Human umbilical vein endothelial cells; HDMECs: Human dermal microvascular
endothelial cells; HDLECs: Human dermal lymphaticendothelial cells; GBM: Glioblastoma; HMFs: Human mammary fibroblasts; MSCs:
Mesenchymal stem cells; SPA: Subcutaneous preadipocytes.
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ZH A 2 VR B RTOTT 25 A4 T ) A 3 A A A
PR ERFSE, AEYI3DITEIHREAEZ
VIR I e A PEAR IR T 45 22 el e A
SRR FHRE ST . BRI, H AT g X4
3ADIEIRI I FRUEAL AL 7, il e e — P bs
HE . SCHBETEE, DI E3DITEN I AR Ky 254
TR e e . R AN T S

AL, E Lt 3DAT B AR £ R S PR ST B Y
i AEAGCRE, RS SRS B A B ml 387 AN
WO, PEE RS — B, W T Rl e
FRAZUN TR . 3DFTENIAA B T e il
25 R0 | R R T el A R R £k
AREsE UV R IR R R . RO
BEFNS-SRUR MERE PR A, B 3DFT ENE A %
RN R, FIFH3DFT ERFE ARG F (%) J L]
TEARFN 23 R 50y T 127 DA S B4R VR Y7 70 s RS
W, BABE P FHIDITENE ARSI T RL-5
FRETWIEAR, AR T IS BRI  BIEAS
I EA LA, HRL-ZLRAA Y AT L
[ ek 2 MPumesy), MEFR A F bt
Jie . FR 2 BRERS AR, ik 22 25 K s ik T
DIAR I 25 04 25 P AU DR I e, Sl
AR 254 A TR TR
3.3 ik fe B AR MG T

A= 3DFT BN AE S 7. F 4 %) g A 75 v
O ZMH, iEH T8 5 Ba T )i 5L
o BB i 3DITEN S, TR TR
T . BRIEIRTT SR AIRYT SE R AT R S
FEARIT Y, 3DATEN A HAT R 25 ek %
BEJI RO, AWFSE 0 LI AL 2 5 E 3R
BE . GRAE RN B RO Rk, 3D
FTERE ARG R T H T 259816 3DATEN &R A 32
48 (CCNACA) . MAb, it R SCAEXT 25
Wz B AT LA AT T 5 DR A R O, BFFEA R
{5 2R O S R AN SR Bk IE IV e 4 TED T 3D L3 28,
i1 DNA-S R EEEY i 2 (8] ) sm g A E R T
i, WSO 2 L R R SR R T, DA
WPAIT 25y, WSRO B T
TEBCAARYT R, AT N ATEN T —Fh s &5 bk
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H KRS R SE T A s i Ak 22 Bl T
AHTRI3DITEN /K BER S 4L, LA RCH A ]
T VIR A 1Y e 2 % o

3DATERIA ] LA 1 J) 7 S 224 Bl Ja 35 fe g
R SR R YTk . R R E
BT M ik G432 14 ( chimeric antigen
receptor, CAR) fEMipI4NMLy 7 ik4G)7 0 . A4
YI3DATENEARTE R BRI 7 iR S AR ke g b J s
ME KRGS, BRI AR T AR,
NIE =i @

3DAT AT LU B PPAS S e ko e s i 3R i
HISPRL, AT O IR R T — R iR s
MEEE (HOC) “F-H H TR P s T8 -1
( programmed death-1, PD-1) HUiAXIFE P 14:5E
- HECA-1 ( programmed death ligand-1, PD-
L1) BHM:9 40 B ek FnT 40 B AH B/ R, JIF
3 o0 2 T AT A B SR R T S e A A
RTF R, BARSE IR T —FH T
EPD- 1B T TS PD- 10 A i 45 76 gg 21
2, T3DFTERTE PR E il T R4 51 A2 ) i 1k
J7 i HBA P

X T RS E, AsE T M HI3DET
EH R B T 380A BPIH & A M CpG 3% H R 1)
TER, PEMTES T Th G5 f W AH 5G4 it R+
(NTIE-y. MIEIRFEHE T 4 -2
%) BysTs, DAMETRARIE N . 3DFTEN K EERL
AL RN A R - 0T A8 ki, SEa )RR
IR E A

FET3DFT B PR i s RO B B 8 AT L S
PRI A 2 B 1 KA A P A PE AT . A
g% 0 SE g T HAT S LGSR IR R T A
3D A T IEAE B I 1K, 2 SRR 5
K e dif, W75 B0k s B AR L)
fg, MIMER “ AN T =g0ke a5t , /Ehfddt
PRI G 2 A0 O S B S T 7 2. 5 A ke
A 3DFTEN A W 2RI ( dendritic cells,
DCs ) Filid FKPD-1 1Y [} g 40 Ml %€ 6 ( PD-1-
cellular vesicles, PD-1-CVs) fJGelMAflil15E3DZ
B R T KB 3D S 40T i 3 4 i DCSTE
AR FRT AE MRS R, B SR R 2k
ZEMDCs LB I T K 29445, PD-1-CVsEERIN

DCs/ AT FHIBPD-L1, PpEIEERDCA FHHL I
JARE. BRFIFH3DZ AL Shi Bh e vl KA EHT
WRESE B OBl 17 ik AT R B S e s, A
5% 1SV IF & T —Fh T Fmoc-K CRGDK- A iR 1
IKEEREIZET , KSR A R 40 i 5 2R 20 W
flie-G AL e6 b4, TEMTLLAMERIBTE R, Ce62:
FEHESEE TR AR, RENE R TR AN I
B RIERYSE

A Y3DFTE ] LUVE R Ak CARIE M G 3R
TR B T E, AW S sl it 2 Y3 DATED
AN T &4 AR5 (natural killer, NK)
AL AL ERE ALK EERL , ¥4 zEGFR-CAR-NK4H
MAE ARG TR 5 3%, S R i A 40 it 2 AN 4
JL IR R, 2R B KB e EL A 4 SR NK A e vk
JATE 1. A YI3DITERNIR ] DUAE (LAY S5 e At
PURERITEAR N AL . AL FREEXT PR 5
ATBEFE 1 GD2-C AR- T 77 fiF A ) B 32
HRESR, R BRI (A TR B A TR 1 B A
P B FiER I AT, T T R 8h
TIRSIE FCAR-TAIMI, NS 2 0 8 5
(T8 5 BE 1 AR AN R RCR
4 HEY3DITENALR TEMR

HAT RS TS EAE . MR TR
JrkE RSS2 E R, TR sz
PUH SV ST, AE W3 DT B R % AT bR i A s 4%
K. HEGFESHE . EREAL MG ENEYT
ENPust & e, TR A T IGRRE BB 10
kPR SE A 2 B LRI R AT I o 4 B A A
Ay Dh e I (9 F R RErs 7, 2 93DAT
ENZH T AN AR5 DL 3R2.
41 Hmhiagi Az

B SHE . EIRA3DITENEARTEA L TR
A A R S5 TR, BLE A RN Bk
I ARG AL B BEUS T — e ik . XS 4R 4544
EChFHEA, BAARmmiERE S, IR
EEATE TR

VLAF A3 DITENE B A A 2 B A5 i T R Il
JRF-AH . SE[EDimension Inx/A A 3DFTEIA A,
H A B—CMFlex . T20224F 12 A K15 34 [
B2 HR (Food and Drug Administration,
FDA ) #itif, B TFEHEENIERIATT . IHR
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Tab.2 Application of 3D bioprinting tissue engineering
Organ/tissue Function Bloprlptmg Bioink or substrate Cell type Key outcome
type technique
Full-thickness  Skin EBB Fibrinogen keratinocytes, This study simulated a three-layered skin
skin model regeneration melenocytes, structure composed of the epidermis, dermis,
fibroblasts, and subcutaneous tissue. This approach
FDPCs, DMECs, promotes skin regeneration at the injury site
adipocytes and achieves non-fibrotic wound healing frl
Osteochondral = Osteochondral DLP HAMA, GelMA hADSCs The bilayer structure design combines
tissue tissue repair the characteristics of osteogenesis and
chondrogenesis, effectively mimicking the
natural bilayer structure of bone and cartilage
tissues, thereby promising better tissue repair
outcomes " **
Bone Bone tissue DLP GelMA/AlgMA/HAP BMSCs This study conducted large-scale 3D
organoids generation bioprinting of bone organoids. In vivo, these
bioprinted bone organoids effectively guided
osteogenesis, mineralization, cell layer
formation, plasticity, and remodeling (4]
Human cardiac Engineer FRESH Collagen C2C12, VEGFs The study presents a method to 3D-bioprint
models components collagen using FRESH to engineer components
of the human of the human heart at various scales, from
heart at various capillaries to the full organ Lol
scales
Vascularized ~ Liver EBB External ink (sodium hASCs, HUVECs  The 3D bioprinted vascularized mini-liver,
mini-liver regeneration alginate, gelatin after inducing hepatocyte differentiation in
and increases fibrinogen) and an vitro, shows enhanced liver function. Upon
in cell internal ink (gelatin, subcutaneous implantation, this mini-liver
proliferation hyaluronic acid effectively improves liver regeneration in two
sodium salt, thrombin) ALF animal models !
Alveolar Simulating a SLATE Photocurable hydrogels, RBCs, HUVECs, Creating three-dimensional biomaterials
model vascularized food dyes Hepatocytes, with complex vascular networks capable of
alveolar model hMSCs, Lung simulating the fluid transport and biochemical
Fibroblasts, properties of real organs. Mathematical
Epithelial-like space-filling and fractal topology algorithms
Cells were used to design a 3D model that mimics
alveolar morphology and oxygen delivery |’
Cerebral Personalized DBB Matrigel hiPSCs The study induces hiPSCs to DNs and UNs,
cortical implantation using a droplet printing technique to fabricate
tissue treatments tissues comprising simplified cerebral cortical
columns and implanting the printed single-
layer cortical tissue into brain explants [
Intestinal Simulating EBB Collagen, SIS HUVECs, Caco-2  In vitro cellular activities demonstrated that
model an intestinal the proposed cell-laden collagen/dECM
model with villus structure generates a more meaningful
a finger-like epithelium layer mimicking the intestinal
villus structure structure, compared with the pure cell-laden
collagen villus structure having similar villus
geometry. This dECM-based 3D villus model
will be helpful in obtaining a more realistic
physiological small-intestine model >
Kidney Evaluation of EBB Cell paste iPSC 3D bioprinted kidney organoids exhibit
organoid nephrotoxicity morphological and structural similarities to

of new drugs

manually prepared kidney organoids. Drug
response tests were conducted, and the impact
of the initial cell micro-aggregates used in

3D bioprinting on the final organoids was
investigated (551

FRESH: Freedom reversible embedding of suspended hydrogels; SLATE: StereoLithographic apparatus for tissue engineering; iPSC: Induced

pluripotent stem cell.
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il 1 e PR RE A S
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Ab, R AY3DITER BT etk R AU T
BAZ BRI KRR . A 7 E e
T SRR ER B W) Sk S A ECM, - 458 8] 78 it
T R R RE ST, DA A H B 5 AR AL
B R SR, AR YRR
T T VKA WIS AR, Bl TR I 2s 2
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BE A IIRE . YR B A4 T RT3
SETPTEIT A 3DITEIM B |, filan, B Rk &
J6E 5 4DFT ERH AR TE 1518 52 v 0 0 HH 1F 78
7@% [59] 5

EYI3DATE R IR UG T W ke, L dh
42 R IRBEAY | T 75 T A A i A AR AL 1)
Py, kSRR T R Tk 1 2 = 454
2 TR RAR IR PhRe, AT T ki
EmEE O, AB Y GeMA S A%
LA B AL R AE R L2, dECM Y5 AT
AEAVE B JZ, GeIMAFIHUVECsHE A Ifi &
P28 A T AR I REPE SRS RY ( full-thickness
functional skin model, FSM ) , SFP kN A
Ji, FSMZ/DT]IYERS 1R 4By v, FRe gk
i ma A Ak, R B ECM 43 WA R I A8
AR, fEEPEE R, S, FHAEY
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PG IR AR A R IR R, EEPREE T FEDIRE
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20 (induced pluripotent stem cell, iPSC) T4
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M, BAPE Y IR T —R A s
Wik ABTFEKEENL ( freedom reversible embedding
of suspended hydrogels, FRESH ) ” Y :=44TEN
Jrik, i FHFRESHE AR 3DAT EN Y.L IE RE % 1
I B B R G5 S — s 1O IE T REE
FEINATER T RS B9 =i IR | 72 LR
B B RO Z AR O IR T
P T —RINE KR, [HAEYATETIRE 4
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PRI S BRI o ARRATy T IT A B SEatt i A= 4T B
BORFBORL,  FEAT EMGT I PR A AT A LAHE S A= 4)
3DATENAH AT AR 7] S PRSI ek o
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CHPAHEE B . FEMREORE T, AYI3DITENE
S AL IR R R 2 TME R (S S A,
WGP A A ECMAHILARN A= AL 31558
RS o 3D AT IR MRS, T
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