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[ Abstract]

Malignant mesothelioma cases are rare and have a long incubation period, making the disease a difficult

subject to clinically research. Animal models of malignant mesothelioma are crucial for experimental research and

elucidating the pathogenesis of malignant mesothelioma.

Common animal models include spontaneous, inducible,

transplantable, and genetically engineered models, but the applicability of different animal models varies. This article

reviews studies related to the establishment of animal models of malignant mesothelioma published in the past 10 years.

Recent progress made in the establishment of four animal models of malignant mesothelioma is summarized from three

aspects: modeling method, modeling result, and model advantages and disadvantages. This review summarizes and

analyzes the current progress made in the establishment of animal models of malignant mesothelioma and thus provides a

reference for basic malignant mesothelioma research using animal models.
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{H, {H pR sk SEAST R R 7E ) 0 o R v R s A 2
RIBERLIEAR T 7™ A, s 28Ik L 2 0K 1, 1S ok
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B, 2014 4 Xu 5 HFSE T BRCAL ARG 11
1( BRCA1 associated protein-1, BAP1) €75 J& 75 fit
ARSI MM & J @57 T Bapl ™™ BEPR R /N B
BAL, b4 7 AR A 25 H 8 ~ 10 JE I i 1
FVB 1551 Bap1™™ 3 PR B /0N BRI A 20/ BRUA
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KEZAN, A 5T K MexTAg 5% 3 /N R 47
MM 5, MexTAg 5% 3 /N RS 2 & 4B B &1
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i 20K 4 ( carbon nanotubes, CNT) 42 Hi £1 2 7
F 24 MOE B B AE RS540, R4 A7 S5 00 )2 8
w47 O BAORE BR 48 oK 45 ( single-walled carbon
nanotubes , SWCNT ) Fl1 22 BE fifk 44 K 4 ( multi-walled
carbon nanotubes, MWCNT) , MWCNT 7] #f — & /3
HELARFGELERL, T CNT BYLF 4R RAF A A
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T Bk MWCNT S 75 HA b A B0 20 v
47,2014 4E Rittinghausen 25" Xf 400 HHEME Wistar
KRBT T, 732 #5774 (5% 10° WHO fibers)
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IRBOE L, SR, BT 3% B 53 SR I s T 33
A, Bz A ZREE MWCNT (85 , Bk A28 MM
DR PPAS IF A8, 1 o i RS T 23 8 ) BR
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O IR, AL AF 5 & B MWCNT 355 5 19 K B
MM 47 % FHREIE . mTRE 5 9 BB .05
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B E BRI L S A

BR T X MWCNT 15 47 4 ) BU 18 71 %8 FE PP A
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AUBOE P, B MWCONT TE A 92 H 10 J4 i 4 1
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B MM & 38 L v T 4 HL Y 28 45 &1 MWCNT
(100% vs 5%) . Sato 2! Ho# TS A A= KBk 41 4
(vapor grown carbon fibers, VGCF) VGCF™-H HI
MWCNT FEE P, K B AT TIPS A 189 H 10
Jil i Fischer344 KK, L1 0,0.016.,0. 08 Fl 0. 4
mg/kg M HLUCR B8 1 Wk, FR8E 8 J8, BT 2 4F,
45 R W R, MWCNT 41 /) MM K i it & T
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g, REWAERMIF AR R ERIRE, EH
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RV IR R MM & A SE0B 3 A
FHOGHE (FCR F MR 15 5 MM K BB B A5 s 114 B
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FeRE B9 MM i 2 A7 A O RS A A H AT v 2 e
PEAULT TR A KW g, e B HL ) T 4 9,
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CSGR T 541 Fh MM 41 MR 1945 B, SR, MM 4 i
FYENBAE Y ABAEAE — SR R Z AL [R] RS A A5
TP 6 B MM 40 b 3R K 22 2 0 i J 1 5 4 i
SR TNE FRE, T A FRUUE MM 200 i 2R 0 LA SRER, 1
H EHATIE L PE MM R FT R B ) JE A K, AT g
SO 5 22 00 T R, SRR R AR B Ry T ok G T
T G BEHE R RN, 38 T B0 G i B N A
AR, XA EATTTCTA FR AR I 44 1 iR -
GPEHEAER . KEHAEHTE MM AR 20 R
LR R A SR N, BRR TR LR g A K
DAY RN, (H e 7 i ) 27 b JC G A7 Ay P ikt
& JR ] BEBHAR IEH Rk B M g AR
FHEGZ T, 20 M B o g v A B A NI Il 83 11 fi
T2 R R AR T3 B AR S R R KA B K E, H
TR HEIE T 2 10 /N 3 W A% 55 B R R v ik G v
UL A s AR A K SR R, A T MM 4H
AR MM 202 S AR O BT S
JECRE IR B - R SU R S R AR SR
JEAC A A K T A BR B B R b 5 Ts e, K5 5
BUAKE 3k BRI T2 Ad
3.2 BEENREMNZEMBEY (patient derived
xenograft , PDX ) 1 &Y

PDX 557503 4o 4 S5 2 1) e o 41 20 A A A

REBRFA/IN AR N IEAT I &, BEAS AR5 HE B W ast
s 35 AR LK MM Y12 28 M ¢, Yang
SEOVAE 4 LA R AR P AR B RS TR] G 2 g 40 i 55 i
A3 S7 R B MPM BB R IR (100
W) T8 A0 B A e B S A 14 A IR Py ] LK
TSR AR 285 1 AT TR R A T e A
(200 L) 9 20 JL 20 AE F R 5 55 69 K figk ), 44 9 vl
VNG S R T b AT, Bt 2 12 2 R, e
IRV i 72 R Ak, O DT A I A R i 4 R R
U

PDX B i ) = BEAREE  F AR brAs 0
H1 T MM 9 1 55 00, BEAR A MEFR L, Chen 254 JF
KT —Fopr B A AR 3l i CT 245 40 7 g J5E 33
JEER) R AT R R T | e R T R, 8 B 2R A BT
W25 AT REAE, 1 AR BRI T 5 4] MM AE AR If:
Fag i 2 451 PDX AHY (L2 40%) o

PDX HERUAS L RE 5 4 B0 PR I FE AR | 3
6T A br ORI R 25 W) i e, Offin 2613 A
FARYIBRAEAS 7546 1 69 s A 55 N [] A1 20k 5 At
ST PDX RS AE 75 W22 IRUR B A S R
29%,, % BT 5 X MR AR R 7R OC B AR B
(BAP1 WTI ]z & PD-L1) 15 R 20 B 728 ) 36 ik
b 3, Hoh BAP1 ik —E M 100%,
Potter %5 fUBFFTLIE S, PDX A1 5 5 4R MM
BFEAR A AU T2 e 550, 799% 1) PDX BRI A]
FIL MM R F A B 25 9 SR | g Az K 3k S
LB FERFL(150~250 mm® ) <21 d,

PDX R 155 B 2 30 B T 1 R AR ke A
T RSN R B BN 4 TR BEA—2, 2
MM A= 4924 FA 7 W58 ke A (e ) T ], 8%
M, A g PDX A TR0 5 2 (45 i %) Jieb e 2l BUAR AR
FLHF MM 5 0L A A X DL 3R HCRT i 2 HL AT 5
IR R BELA LR, iR 28 ST 7 G e 0 o] /N BRI
PN, AT RE TG X T 7 M e R 8 BBy I A T
AL, 3N, G B BE /N B A A B 52, LR e
BT B TR K

4 HETIIE MM shipiEsl

FEPR T AR By Py A 0 3 o i PR 4 R R AR B
YRR e i R R B, S RE R R B L 5 A g8 AR B Ak
PSFEIA DT ARAS I X 2 i 3h

1E MM #5547 , BAP1 NF2 1 CDKN2A F:[H ) 58
ARl RS SRR DL A AR, Kukuyan 2658 |
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FHEEFE IR T AR X/ NERW Bapl (N2 1 Cdkn2a 3
AT 25 il . BP0, B ai B ax 3 b RIAR
L1 MM, {H Bapl KRG 5 N2 3 Cdkn2a RIS
FEAEMRIE 75 25 20% 9 XU R R /0 B A 3K 31
MM F & SR 7E 3 Fi R B /N B MM & 5 258 i 3k
85% , H At , R AR IAACA 12 A,

PTEN F1 TP53 JEPR 9 2% 1% 1T LABK 2l MM () PR
PSR Marqués 25 F R R B 41k # S T
Pten Fl Trp53 5 1) /)N BB Y | 5 301 1R 9+ A
MM % & (15/26,57%) , Horb 14 2 MM /R B A)
RAT LA A% (RN M8 B ) |, R Ak
WA 10.9 &

HMGB1 7E 3K 5l MM AE K oo i 25 SCSEAE
Suarez 25V [RFSE & B, 5 B AE RUIN AT H , Hmgbl
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FERT B ZE - (450 d ws 308 d) , I EHAKRN A MM B/,
KA BRI E RS AR AR,

S TR /NRURT DL E TR A S i HAE T A &
PR MM, A RS S RN BB R L, SR TR
ANERRRAL Y MM & 95 56 08 i, w7 26 A7 B o 4 L
FRFEDR TRE /N BRAE Sy — ol PR i 455 280 AT L) B R

B L RRADLI B384 7 35 A 0 LA (HHOT A i
BIE, Hoi T A 80 i3 g i, B4 L
PDX RV /DS ik, BeAh, JE D TR MM /) B
PR P i AL B2 PR RE 2 X 55 N6 MIML e
LAY b B R AL ]

5 RE

MM 2 — 1 55 7 A 2% 8 4% D) AH OC 14 27 L T 35 i
PRI | 2 B I (R Jis PN A 1) S At L, /R LR
ML 2% B2 3R IRME , £ 57 47 %00 2 P A 0 % 1 1%
AMFFETZ 5 975 ) A W) 2 P RVER BT 196 7 O s
FERHE,

MM AHSC S PR = 2 FE A R S kM B
FEPEFIEDR T/ 4 Bh2EAY WG 2 BR0 FN A A A
AR SEE , Aok AN MM [ &9 61 EL 451 mT B8 i
PR B & M sh B B B A — 8 W i A F R (AL
PR MM SR e KA A5 3 T 20l
HE N AR R R SR N s 4 A, TR
75 S 4 W MWCNT, A BB AR S WA B9 7 25
TIPS, A5 A& M MM B RS [ HL A& Dy 32 B 25 WL 3%
1, 7F B AE 1 MM 3l P A5 7 vp | PDXASE 76 6 5 4 b

R AL BT R NE SRR G2
Table 1 Summary of induced animal models of malignant mesothelioma
- - ; oy AR ; , FEAKL 75 A%
B ZIEUEES (2 TR Jri: LIRS L A
Inducer Animal species Gender i Method Frequency Dosage . p'
age statistics  rate
H Lk FVB mice b os10 g s AL 3R 1R, HrgE 12 08 25 2%
. .8 m
Crocidolite FVB Bap™’™ mice Intraperitoneal injection ~ Once 3 weeks, for 12 weeks & 25 73%
C57BL/6 mice 0. 05 mg 50 10%
C57BL/6 Bap*’™ mice J loe1d JE e AL 1JE 10,548 10 0.5 mg 50  28%
Intraperitoneal injection Once a week, for 10 weeks 0.05 mg 25 36%
0.5 mg 25 60%
C57BL/6J mice N 31 % 4525 24 26 80%
CSTBL/6] Acs” ™ mice b ey REA T MU S 0.4 mg 29 65%
e Intraperitoneal injection ~ Once 3 weeks, for 24 weeks
CS7BL/6] Acs™ ™ mice 29 55%
s A8 48 W Fs 8 A
C57BL/6 MexTAg mice 1 +9 6~20 BBETEA FAL U FFER 8 3 mg 29 /
Intraperitoneal injection ~ Once 4 weeks, for 8 weeks
Sprague-Dawley rats reo , W Jes v A6 181k, 43 A 34 16 75%
~4 m,
Sprague-Dawley Breal "7 rats Intraperitoneal injection Once a week , for 3 weeks . 19 53%
A 2evie A [15] N
ENG F344xBN F1 rats 1+ 6 BEEA ™ K 1 mg 14 57%
Tremolite Intraperitoneal injection Single
AR Sprague-Dawley rats ' eo y i s AL 1R LR, s 3 A 3.4 21 %
) i ~4 m,
Chrysotile Sprague-Dawley Breal"™ " rats Intraperitoneal injection Once a week, for 3 weeks 8 18 89%
R [28] w
Bk Wistar rats ? / BEEA = R 10° WHO fibers 50 66%
Amosite - Intraperitoneal injection Single
RETR K5 S
gM*‘lﬁ%ﬂff —— sk 1x10° WHO fibers 200 79%
Hws o
uitiwalie Wistar rats A / BEAT s 5x10° WHO fibers 200 86%
carbon Intraperltonea] injection Slngle
nanotubes
L= S [29] 1 JE 4»,9 £ 2;;2
Fischer344 rats t10 UREA Ji 4 5552 1R 0.125 mg 8 16%

Intratracheal instillation

Four times a week, for 2 weeks
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&Rl
- - ; Jal i ; s B R
Y EIE/ S il N Ttk e BRRE
: R Week Sample Induced
Inducer Animal species Gender Method Frequency Dosage .
age statistics  rate
i AL ) 51 100%
Fischer334 rats 5 10 L ${A 1 mg/kg ’
Intraperitoneal injection Single 41 5%
g [33] LR 5 8 0.016 mg/kg 60 5%
Fischer344 rats 49 10 TEEAT WK, IR 80 0.08 mg/kg 60  32%
Intratracheal instillation Once a weeks, for 8 weeks
0.4 mg/kg 69 86%
T /\[24, K 1 mg 4 25%
C57BL/6 mice Q 8 Ml A s 0.5 mg 5 20%
Intrapleural injection Single
0.2 mg 12 8%
RIS AL LA S K, ESE 12 )&
}&*ﬁfj: Wistar rats 0 / TBEA i R JA 5 e, 212 5 mg/kg 10 50%
Ferric saccharate Intraperitoneal injection Five time a weeks , for 12 weeks
M g 1Rl 1JA 5k, %S 12
. A ,
Furan Fischer344 rats 7 Gavage Five time a weeks,for 104 weeks 2 me/kg 0 12%

OB i S R MBI 7 B, i i U T A 52
4 200 L R RS ARSI | 32 IO TG T R 7 A iR Al
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