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[ Abstract] Exploration of the underlying mechanisms of tumor occurrence and development, as well as evaluation of
the efficacy of anticancer drug treatments, relies on various research models both in vivo and in vitro. Over the past few
decades, with the rapid advancement of biomedical technology, significant achievements have been made in this field.
Gene detection technology has progressed from a single-gene perspective to multi-gene approaches, resulting in rapid de-
velopment of bioinformatics and transformation of the conceptual understanding of malignant tumors. Moreover, in vitro
cell research models have evolved from monolayer two-dimensional and primary cultures to three-dimensional configura-
tions, which better imitate the cellular interactions and functions within tumor tissues. Furthermore, in vivo animal re-
search models have transitioned from traditional carcinogen induction and cell or tissue xenografts to genetically engi-
neered animal models or xenograft models, enabling targeted investigation into the roles of relevant genes in the occur-
rence and development of tumors. Clinical research has shifted from simple retrospective to prospective studies, includ-
ing phase [ /II/1I clinical trials, investigator-initiated clinical trials, and real-world clinical trials. The major shortcom-

ings of current malignant tumor research models include their singularity, insufficient simulation of the tumor microenvi-
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ronment, disparities between animal models and human tumors, and the lack of consideration for personalized medicine.
Further research and optimization of the models are still needed in the future, along with more effective integration of
different models to form an optimized comprehensive experimental model system. This review systematically examines

and comprehensively overviews the evolution of malignant tumor research models with the aim of providing more refer-

ences to researchers engaged in oncology research.
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H B PR T AR L TG 12 0 R A M g
FEIT K, B o 5 A W 2 BOR 1 A e, B TR 4H A
DU AR R 3z T A=, I 1 A — i bl gt HL ey e o 110
B& PR3 A 07 V8 TE 6 1 T R 2 E g . I B E
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J& 5 2> miRNA 1Y 3R 3K 5 5 % VIAROC , IR 7E 1R N
A SR R AR AT AR S X SE A5 R 4 s 8 g Y
R HLEAR AL T O B R o IR RS T2
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national Cancer Genomeconsortium , ICGC)31X1 , iZ %k
o PR A 45 [ B 2% 5 0 i e Bk DX 40 O J it oY, &
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N T3 fie 19 & Jr AR A A [ 21 2 1 R S B s
PEHE G R FTRE BT IR 2 iz T A, B4k
JIe 98 3 Ak AN [] ) K5 B R A e g ) AH OC A 5T EK
P, 3 B AL AIE 58 2R 9 38 A T R N R G b i)
HH e e ) A AL >0 R A B 2l R A5 55 TR A
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BEASTAUL T A P AR B 5 50T i 98 AE 35 P ) B
MY BR ] ARES T e AN MR IR L PR AN M 2 R
T o AT A 5] BAL RO B R T O 25
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FER AT AL T B B B AT i — DR A RIS
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Z 1) 8 O B TR B o), R LA B s BB A
SrIRE, H5 RARAH ZLRA & 1Y 35t 4L AR A
AR, DA T DA AR N e B e L DTG il — A
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b7 1 AT LA e i A AU R A 2 8 SR R
Yy 5Bk L At 2 B R A0 I B AR R R RS T T . 2R
v B T — FOBT % B R 2K A B R R T L
TARBORTE N A GO R B X 7 ik
AT o B AT 4 R ] E A nT LA SRS B AT T
R B A R M2 W) SR o RV IR 2
B IR 1 S —E R (R T I — S P
B G, HATAS Bl IR e A B R SR O ks = 5 — 1
P fEAL B AR R , 5 BOAS (] 52 56 55 22 18] 1) 45 2R 0
PAHCE MIAZ o UK, — 26 b 6 4 B R B A 1
WG IR i AR PR B R R E N T EE R A
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FH54, Tanaka %5558 1 THC 42 4, L4 T HNSCC #
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S, 85 3 WOR T A S A B R R 5 L G iR
iRy S W ol s Tt 7/ N T Wi i Tt /K |
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FE T 5 25 ) SR S 6 R v A AT T St I S 2
BN TR N 22 P S5 A2 B 1C50 5 B W S5 Y
1CS0 B #2300 , $& 75 2 4% B nl LA T 44 1 24 ) ek
PEo B2 R SRl B AR O R S AT AR A
TEZR T AR B AT Gy B A bR 6 A=
2EREEFIIR T LS . SR, AT iR — R AP,
i — 25 v b JRE S A% B R AL A T SE M R T EE
P LLE Sl b g8 0F 5 10 1 % o AN i R A i A A A
RIS RS TR 1,
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Table 1  Advantages and shortcomings of cells and cell-derived models

Primary cells Cell lines Spheroids Tissue engineering models  Organoids
Advantage  Partially preserved tumor (DEasy to obtain and repeat (DCloser to the actual (DSimulate the interaction (D Simulate the tumor microen-
cell heterogeneity 2)Can be used stably for a growth shape of tumor between tumor cells and vironment

long time

() Can be expanded rapidly and
in large quantities

@Can be genetically modified
()Can be used for high—

throughput drug screening

Shortcoming (DIn vitro culture time is limited (DLack of tumor cell heterogene-

@)Lack of natural tumor ity and extracellular matrix
structure and gradient @ Fasily contaminated and mu-
(BEasy to pollute, high tated

technical requirements (Genetic instability

@The phenotype is

(Difficult to unify sizes  Difficult to build

@Central necrosis is

extracellular matrix 2 Simulate the interaction be-

IThe size is easy to control tween tumor cells and extracel-

easy lo maintain lular matrix

(3Simulate nutrient and oxygen
gradients

@ Composition and structure are
similar to the original organiza-
tion

(DHigh cost and long time

@Low construction success rate

prone to occur BLack of standardization

3 YA RIER

AR SIS AU A 0 g i R F 5 h )32
EH P P9 Sl Wy A5 RUAT S EDUL 1 fife fiev g i A gk
M AR . SO SRR 32 ] TR R
RAFALILRE AR N DI RERF 5T . B9 3 W 4 4 B
Jelel REI G GO A AR B AW T AR
N e R R R AR ] T R A H R T RY
ST TR RIALEE B A VTS S R R 5 NI g
Ui L R 5 Fh B 48 U8 (cell line derived xenograft,
CDX ) B 1 il 5 7% bk U 235 2 RO AR A 5 AUk i og
5 P RS A AL AR (patient-derived xenograft, PDX) ; =3
LI /26 bR sh B R R

FI AT e A B 1 Se g sh A e b A 2

RO TS50 A0 [ 98 K A i — R R 2
ARV o BRI AT B AR KR A, S
5 vh n] JE G A BOW S M GE T M, e BB 05 e
e IR R AE bR 2B B T o I S0 R A e a5
TE T I I8 09 26 A 1 B0 2 25 AN 5, LSS I J] ml BE 45
KL FE SRR AT R WA 1R A &4k
i I8 B IF AT

5 S e i 98 S R S 45 o FH B0 PR R A S 3 4
8375 S 3 W e A e R B S R T e R AT S
6 g A T B RO o W I AL EE -
8 S ) S S S S e 1] 457 3R 7% A e R ) 4
T3 % s AL = BUR Y RO B H I R
e IV 2K | o R IR AR MU 9 1 T 1
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fdi JH SV40 2555 B 5 & IR 9 AR W0 07 1 o 35 R M i
Jea A Y P 0 AT T RN T IR B B AR TR Xkt
TR A B A2 g B TR A PR (AN 52 AP IR G )
OPNESY L= O S | o R SN R S N N T S )
5 AR B I B | IR 1Y 34 2 A O TR M | S
P T RE 23 3 KA 1Y Ak B BE 5 | B = BT Y
SE PR AE SR . OSCC ' HIRY 5 & 1 3h i 15 B
FElo A Ry L E MR 1 E ALY (4—Nitr0quinoline 1-o0x-
ide , ANQO ) * i /N [ H 8 A H R IR IR (T,
12-dimethylbenz (a ) anthracene , DMBA VL6203 K A
b RO 9 5 R N ANQO 5 iR 1) & A=
IR T MELLT3 S0 AL B9 B 72 st i e
H AT A A R 5 D R A 1 T

CDX 2 F8 $ 1A SIME A 35 552 1) b 96 240 M £z b %2
G BB /N BL(SCID, BALB/e ) B B2 F R ik el 2
HEE ALY WA R R L A AL AT T R A K RE
FI AR BE T BIWFSE . CDX BRI O 45 7 T 41 i
R T AT EBNAAR S s ok i 45 . O
i 963 2011 i 2% T 3 7 AR A B 3% PR B T Ak 25 R AR
PE s @Gk = i A K A DCIR BT, s S HEME Ry AR
i R R T L 90 0 D A 5 Dk = IR 114 22 R R A S
it . CDX AR A JE B W s f5c 8 1Y i R i
RN RY DR B T2 AT SRR kA7 R i
B 10 RS Fi 2 o LB A2 97 AR DG 57 s ) i
F CDX BR LR T B AR A6 2 J SR L2 &4 e A% e
TR R 5 I S5 i e RS AL AU AT 5 METTL3 #£ OSCC
AR SRR,

S BUE Y G5 T 0 Sh PRI AT LA 0N 2 D
TR v R 1% B PR AR e (LR RE B N P B T Y
TE 52 423845 15 5% v e 6k PR 9 728 7 1 I e
BT A1 P o O o 8] 2 e i DR s s i R )
It /N BB Y (genetically engineered transgenic
mouse models, GEM) 1] DL A5 & fiff P 53X — ¥ 1
GEM A5 B L P TR, i e T HOR 3 T
[ 058 . 2 e [+ 50 i 322 4 1) JVR S 1 400 L FT CRISPR
-Cas9 F AR EE AP IR PR -G AR /) B AR A 20
v A AR R N AR B R A /N ERBE R . Georgy
SFVHAL T GRHL3 @R /N B, I A BE -5 B A /1y
BURH L, GRHL3 R B3k /)N X Ak 27 B0 H U -
Tt g K Az i BE PR . Squarize S5 Ri R /N B H
() PTEN 3 [, & 3 PTEN i Bk /I BT i o & 74 %6
w5, IR LA A O SR L IS T PISK/mTOR i
o URATZH A I SRR R B R 23 S S T MET-
TL3 \METTLI 2% i bR /N B 5 A 0 B A5 1Y, LA

7% METTL3 F1 METTL1 7€ 7 8§ 488 % /& % & b 9 4E
FHEssT H R GEM RS Bk vz v T AR
T 5% 45 i R 7 P e 2 % J R I E o

PDX 2 38 2 K 55 A 5 1) 98 20 20 B B2 % A 5
B S8 BB /I B PN T S 7 %) P g A A Lo L
PR A BN, 8 bk, A . PDX AR H AT AR 2 1Y
Mo a5 - OB A RS 5 12 B % b 988 047 19 “ i k7
QfE 5 (45 I 98 T A e A S o 5 O AR ARt
BRI IR R o FAEY KPR E s DR T
i 92 2H 20 D A I P e L B AN A ER 85 5 B T X
22 FOR AR o K TS 1 e Jgg E 47 0T 5% 5 @ PDX A5
TR b 983 95 N AT T4 i e M . PDX RS TR G Ak 2
P IL T2 B TR 25k, UL RS 245
4 I DA 32X 56 R 950 3000 P 2E ) bR R W A 5T . Yen
Sl IE Y 7R OSCC 5 & I Jgg 8 37 1% PDX 55 71
FEA R B T WCRT i & g i R TR SRR . IR
38 15 F # OSCC Y PDX R Y HE 17 Kt 4 AH SE BF
FEL 800 GNAIE ST R ) 2459 (Anlotinib ) J3 97 0SCC K
FLR 25 ML A F 5 AR P br ) miR-31-5p B
HOELH EFE S SR, TF BLFE R &, PDX AR
B N7 — A BB ELME R A A R R R
e 5 W8 3R 0 AR BAE R & 5t X2 H H
I 1 2R A 3 T OSCC AFF 78 A5 R0 1) 3 ZERHLAS . ik
Hh , PDX A5 AL T 24 S e ke b /N B, DUHERR B B
G RE RN, 3 5 N A P i 98 11 o B B 28 2 85 A7 A
WSRO, LR LTI, HOET M G AR A R — 3
Py A5 8D R 4% 58 42 2 N 28 OSCC & 5 AL il F 5% il
TR TT BN T () BESK 4% Tl 3 4 AT A 7R 1 AR ae
MWK 2,

4 ImREFR

Il AR AF 5 J2: 8 LB B9 2 B IR 9T\ BUS W
DRIy O T BT A, LR O T B SE
2, LABEST I 55 MUK O 2 BT T 363, i 222 R A
SUILRE 2 5 @R IE R A 3. fE AR
PEAT B PR A 56 2 88 = T 5 A9 AR AR R A i
FILAF B — BRI T I A 5 VAL 1 2
o e RIS 38 O 4 AN TR B B B T
e P 128 6 2 90 A0 11 i R 2 B2 Je AR 2 P A
BRI, B 7R VAL BT 24 70 A A A B 2 e I 52 1
il 7€ 25 25 05 S8 B BRI 5 X — B Bl AL 4 D
AL (14 i e 5 S, M AT 45 52 32 28 38 Jn ) 25 4y 541
i, LU GE 25 W) 10 d5c R T 32 700 B RRE 1 R
I 38 s PR 3 38 2 3 7 A 0 A0 BE A B B, HEH Y
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Table 2 Advantages and shortcomings of animal research models

Spontaneous tumor model Induced tumor model

CDX model

PDX model

Transgenic mouse model

Advantage  (DNatural occurrence Simulates the natural evolu-
@ The role of environmental tion of tumors, which is of
factors in tumorigenesis can great significance for simulat-
be observed ing human tumors caused by
repeated exposure to specific
environments (such as con-

tinuous ultraviolet irradiation)

Shortcoming (D The occurrence of tumors (DThe model takes a long time
may vary @ Continuous monitoring of
() The observation time may tumors is difficult
be longer (3 High heterogeneity may
(DExperiments are expensive  make data processing more

difficult.

(DCell lines are easy to
obtain

@Low modeling cost

(D Tumor cells gradually
adapt to the in vitro culture
environment and lose their
original characteristics.

@) Lack of relevant
environment for tumor growth
(Lack of tumor diversity

and heterogeneity

(DMaintain the original char-
acteristics and heterogeneity
of tumors

@ Able to maintain the stabil-
ity of molecular biology lev-
els during the passage pro-
cess

(3Retains the original non-tu-
mor matrix and microenviron-
ment of the tumor tissue

@ Can study tumors derived
from patients in various con-
ditions

B The PDX model has better
correspondence  with  tumor
patients

(DModeling is difficult and
cannot be obtained repeatedly
@Long construction time and
unstable success rate
(Relatively convenient
sources of clinical tumor
samples are needed

(@The cost of establishment

Precisely study the function

of specific genes

(D Gene knockout often in-
duces multisystem tumors

@) The spontaneous tumor
formation cycle is also diffi-
cult to synchronize due to in-
dividual differences in mice.
(3 Usually only contains one

or two gene changes, while

and maintenance is higher human  tumors  generally
have multiple gene muta-

tions.

CDX: cell line derived xenograft; PDX: patient-derived xenograft

AN 25 W) BR TT 75k H AR IE I AE 8 Y
TR RCR A RIAE 53X — B B 40 45 A R E
PRI YRR A AT 328 2 BRI T A IR YT L O
50T B AT LU, DA IT ORI & e v, I
1w PR, -t ] B AL B  , SR I BE AL 23 4 10
778 W H AR 25 in 7 S s iR iy i 22 55, LW
B b5 259 IR T VR TR b 45 RGE 5
T2 R BT IV B PR e e AR
Jy JE 9l PR e B b T RS I, R TR 2 b
Wi e AT R BE SR )5 X — B B 7E e B 1) St v
AR RAEA T it — 20 PE Al 245 W (0 4 30 22 4
AT R, DL KR B ORI L PN 8 552 i B 30 055 vh
RO o

I RAF S B 2 B 2, o i WF 58 3 R Y
i 5 (investigator initiated trials , IITs) | B 52 T 5L
T BE Pk A9F 5 R [ B A 5 1 FH e o T2 o TIT
J2 i BE 2 R AT N D R AT A I R
U, I BT BN R, AT LS G b il R AT
85 5 Bk 2 DR Bl PR R LS AR

e H R PR 92 B b, Bl PR 1 57 | B2 9 0000 28
At B R 86 B 48 25 L S HE SR BN kAT 20 B i AT 1Y
WHoE, BTEIAL 258 R YT 7 BB T T I LS
R IR BRI Ve BTSRRI R 4R
TEWFFETIT I Z w8 JF AT B9 s i h &, e H 1y
SR SR T R B LA 3 70 5 B A 1 A R AT 5 )
RIS w T PP AS R T TR it X6 9% s 45 2R 1 5
W, N2 MG AT T IEC T RIG YT o [l A
FEEEET OA B AT BT, L H A & T
(9 SC IR L VPAR IR 7 RO BT B A 5 0 1 & AR
A J ™) 3k B 5 3 A I PR sk | B2 97 BUaie
JA B i 6 K R A A BE E AT 4 A s i
TR TE B KU PR 2R RS PR SR T R g
R R e G SR 2 TR Y G

TS5 Hb T8 X HNSCC B35 1 B T K I IR
I, 2 2024 452 H |, 7F ClinicalTrials. gov £8 4
JE B 3 F 1607 101 L HNSCC H 56 f9 1 PR #F 55
H A B 5% T S R AR AT o 1R R T AR
FEIRST 3D T, TR i I R 45 R R B AR
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7R, W22 PGSR ARSI AR 5- 360 DR 1 e B 45
R A RUNIRIT R . B T XY, 3
B B A 24 i B #UR) (Food and Drug Administra-
tion, FDA) IBHLHE T HoAth 3FP 2454 - VG 21 PA4T IR IR}
BRI AP . PRI, ARk 1 T B 2 KEEAS I IR
I X HNSCC Bt iy 7 ik il — DR AR & .

5 B %

A IR 2R BRI R AL A T R A
P AMEEAY, PRI, B —Fh o TR AT
RS AR PN T 0 g 2 2 A B S R R — R
e DA Jier 2 2 PR i S R, A Sl et B i s HH 9
i F S8 A8 < i PR Bn A ] L) B2 42k 93 2H 4Ly
FEFIRAE B A BT & BUB IR Y7 ¥ IR A4

AR R ASE AL, 1 iR TE R Sh g A K R AT Dy, T T T
PEAG T TR 25 W) B S RN RS, LA B E 5 i R 1
PRI 8 b 96 JRE R L 5 AR PR S A TR R T A
i 968 A A N Y K R A R IR R AT R VA B 24
BRI 28 T A PR B e RS AL 45 5 e PR 138 A T
BT 24 B 2 A E AT R, ABARARIR T I = (1) .
PR A, G AT SR T8 At 22 e g A R A TR b g
28Ry I IR ST UL R P o BICIN i & A T
T2 O TR SRR R A R R Y ML, L %
THFTHB T RS M TR T HAE G . Rk
Ayt Bk — 20 Ik e M AL BIE FERERL I A 2
B A TS B o kL ok JE IR — A 9 0SCC 52 5
BRI R G,

- Gene: mutation, amplification, deletion, recombination, microsatellite,
Tumor tissue, blood, Detect overexpression, underexpression

qRT-PCR: quantitative real-

S;:;;;il body fluids, etc. Epigene: DNA/RNA/histone methylation, histone acylation, non-coding RNA time polymerase chain reac-
tion; WB: western blot; THC:
Single gene: PCR, RT-PCR, immunohistochemistry, western, etc. . . .
Genome: DNA/expression profiling chip/proteomics/special chip immunohistochemistry; IF:
N Big data analysis: bioinformatics, Al technolo; )
Cell Primary culture | Mechanism ¢ Y &y immunofluorescence; NQO: 4-
cell lines
3D sulture and study PCR, RT—PCR, immun.ohistochemistry, western blot, DNA, expression profile chip, Nitroquinoline 1-oxide; DMBA:
organoids proteomics, special chip

7,12 - dimethylbenz (a) an-

In v’,’ ro functional Proliferation, invasion and migration, balloon formation, colony formation, cell cycle, e
Animal | studies apoptosis/autophagy, etc. ’
Subcellular organ functions: functions of mitochondria, endoplasmic reticulum, CDX:cell line derived xeno-
. microtubules, lysosomes, exosomes, etc. . X
In vivo functional studies graft; PDX: patient - derived
Spontaneous/Induced Tumors: 4NQO/DMBA Oral Cancer Model Mechanism study xenograft
CDX transplanted tumor, lung metastasis and lymph node metastasis I Figure 1 C Ommonly el
models PCR, RT-PCR, immunohistochemistry, western
EioaRg( | PDX xenograft tumor model blot research models of malig-
body Transgenic/conditional knockout animal models Genome: DNA, expression profile chip, special
chip nant tumors

Clinical Trials Four phases: Phase I, 11, IIl and IV clinical research

studies

Category: Investigator-initiated trials (IITs), real-world studies, prospective studies, and retrospective
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