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[ Abstract ]

present, their pathogenesis has not been fully elucidated, and treatment strategies are not yet mature. Animal models play

Venous malformations ( VM) are the most common type of congenital vascular malformations. At

important roles in the study of the pathological mechanisms and treatment of VM. This paper summarizes the basic
pathogenesis of VM and the research status of VM animal models at home and abroad, expounds several common model

construction method and result , and discusses the advantages and disadvantages of the models to provide a reference for

researchers when selecting and establishing experimental animal models.
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3 — 2 (receptor tyrosine kinase with immunoglobulin
and epidermal growth factor homology domains-2,
TIE2) Z R LA 3 -3 PI3K 1 p110a ALY
B (PIK3CA) | 22 %4 )5 1% 16 8 1 ¥ B ( Mitogen-

activated protein kinases , MAPK ) 45 3 K] i) 1K 41 Jifg 2&
AR TAFEL VM R A I R h 29— DL B Y
VM & 1 T TIE2 I RERIGME R Z S 3L, 18 TIE2
RASBATERY VM o, 2947 — 202 i T PIK3CA B
THZRAR T BT R A L ML, [ P A
FEANWIRR A N 5835 VM Y 3l P AR LB IR
ARIWF %5 s BARBL I Bk 97 f it 45 . B AT,
VM 3l 4y K5 0 R AR 48 5 1) ik ] 5 AR 28 B ) Oy
TIE2 5875 (M) Sh IR R | PIK3 CA 5875 1) 3h W A 1 J
HOAb A A SO I A X Bl AR A ST 1Y O
AR B AL 38 A BN AT T
YA TEIR | S W 5T 35 T8 45 R AL N7 Bl W A R 4 fE 2
F(F1.%E2),
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Table 1 Animal model of venous malformation with 7T/E2 mutation
e Y BAETr Ik ] SEYELE S Z:7% 3k
Sort Animal Method Time Result References
B T X B 2 I 2 ) 1 S AR AL A
MR P B 5T I e 0] 38 0 11 B A 7 34
T P AT WLAS R 000484k N % 40 20 i L
67 e 1 TIE2-LOVAF S8 )0l i Ak e CD31 Sz oSMA BB ; 75 7% L 3 H
~ H, —— VY a
/A‘&ﬁﬁ%{ HUVECs JRAnASE B R 59, 5 5 1 k..
67 L‘k TR M, There was no difference in body weight
1 weels After HUVECs was infected with TIE2- 7 d between the control group and the control [18-20]
o male
. L914F mutant retrovirus, matrix glue was group; vascular masses were formed at the
nude mice . . . . oL . . N
) mixed and injected into both sides of the injection site and increased with time;
asee lower back of nude mice. sections showed that the irregular channels
ST HUVEC B4 contained red bll?()‘d cells and CD31 and
e aSMA were positive; ultrasound showed
e that the blood flow was venous blood.
I'ransplant  model
based on HUVEC o ) .
K FRIKITIE TIE2 572 i LA A 93
6~ 8 i it 5 IR AR HUVECs, 5 H HAE R N FRUTE SRS P8 82 2 G I A7 R AT e 52T T DL
Wi e & f; B AN IRAAR S5 AR A= K PR 2 Jo e S H B R IR L BT L )2 TR A R
v n g e PRI A A 2 RO HEF
B 5 o . .
- The retrovirus at the common site of TTE2 Vascular masses were formed at the
Bera/ NG, o i 10d L . [21]
6~8 ks mutation in venous malformations was injection site of mice, and abnormally
.wee ® infected with HUVECs and injected into enlarged blood vessels and smooth muscle
old female . . .
SCID the ventral side of mice after adding a layers were not arranged regularly under
; mixture of low growth factor matrix glue electron microscope.
and thrombin as endothelial cell spheres.
BB W IDK MR TS 2 21 R 2 B v 1L 8
Iy BRI N A AT R PR TS B ALIE S0 € 1008 4 AT B s B2 T ]
Ty SRS S A S B P T S I 4 i A S LA A L A8 PN e 50 PN B A L=
s~ 6 i i BT, TR PSS B EH LU 2 e 40 00 7 3 732 1L A8 A6 7Y
T NS5 PRt PP " The blood of the venous malformation &) PN
ol Ay the. . L
ki S -6 weeks tissue and lesion site of the patient was A blue vascular-like mass was formed at the
Based on human d ”] taken, and then the endothelial cells were 9 d injection site, the enlarged blood vessels [22-24]
m
xenotransplantation 0 ée isolated, cultured and amplified. The lined with thin endothelial cells could be
nude mice . . . .
model mutation type was determined by gene seen under the light microscope, and

aged

sequencing and  suspended in the
basement membrane extracellular matrix,
and injected into the dorsal side of the

mice.

immunohistochemical staining showed that
the endothelial cells in the diseased vessels

were human.
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1 TIE2 T Zhi iR

O A W 8o, TIE2 & Im & 4 M &
(angiopoietin, ANGPT ) Z % 1 52 14, = BEAE 4 Bz 4
M35 . ANGPT1 Fil ANGPT2 4395 TIE2 4%
B, FEVRT IS AR B L 0 A S R I RS B e
R 2 PIK3CA RASTFIKIGIE sh Al

Table 2 Animal model of venous malformation with PIK3CA mutation

DR PEEEAE S R K2 H VM 2
TR 2 R AT 52 1R TIE2 (4K 200 it 3J) i 4R 45 1 58
ARG, AT RESE VM MFTE 4 Fh LAY, VMCM,
VM, MVM F1 BRBN, 77% F4 3 K 28 745 BH 1 £ 35 2
TRZHME LO14F 5878 i /2 TIE2 955 914 (52

e ) BAE Tk P[] AL, Z:7% 3CHik
Sort Animal Method Time Result References
PIK3CA™"20 /B[ 85 41 178 4-10 Ji]
PR B JBRRSE B2 T AT UL AL AR il
B Y IRIT A K i Be i B R
AR R BE T T L P B A0 T
FEH/N B B LoxP-STOP-LoxP (LSL) - PR A0 A EELRIIM 2T 36 - 2K DU
PIK3CAM™R H W, e S Sprr2f- The offspring of PIK3CA™™ ™ mice
FER/INER Cre WHEALSE 4 JH showed hindlimb paralysis within 4-10 [13]
Gene mouse The transgenic mouse strain LoxP-STOP- 4 weeks weeks. Microscopically, abnormal
LoxP (LSL)-PIK3CAM™™® \as activated dilatation of blood vessels and massive
and hybridized with Sprr2f-Cre strain. blood pool and bleeding could be seen in
spinal lesions. Abnormal proliferation of
endothelial cells, lining of endothelial
cells and deposition of heme-protein could
be seen in the site of skin lesions.
T R JHSG /N BB 43 BB, A7 A0 AF AT I 22k
2 - MRS AT AR . A Y BTl I
Wy PIK3CAM™® 5 T_CreERT2 N P ) ﬁfﬁmgfﬁmﬁi::‘lﬂia %E‘y?;JL,
Coneticall SONEURZE 7. 5 d B LSRR R TE A TR R S K BT
enetieatly et g e I LB ELAS MU 3 L
modified M Y 4-OHT, o '
] - - HI047R . ) - Part of the embryonic mice died, and the
animal BEBH /N PIK3CA was hybridized with T- 3 JA L . .
surviving infants showed multifocal diffuse [ 16]
model Gene mouse CreERT2 transgenic mice. When the mice 3 weeks . .
) vascular  malformations,  angiography
were pregnant for 7.5 d, a high dose of showed abnormal dilatation of inferior vena
4-OHT was injected into their abdominal . .
cava and portal vein, thin-walled and
embryos. irregular dilated vessels could be seen
under microscope.
R26-PIK3CA™™" & Cdh5-CreERT2 %%
SN AR 2, B B TN, SRS TR TS B A 01 AR 1RO 5 B T DLl S
FAC/IN UG BEWLPIFE S 4-0H 5 5848 DNIHES F) A B 40 1 ) S 4 K AL
A1 PIK3CA 35 IR N R AR5 I HA DA —RILE A,
HH/NE, R26-PIK3CAMOMTR oo hybridized with 1 JH Vascular-like changes at the injection [25]
Gene mouse Cdh5-CreERT2 transgenic mice to obtain 1 week site; microscopically, the abnormally
offspring, and then 4-OH was injected dilated blood vessels were composed of
into the hind leg muscle of offspring mice irregularly arranged endothelial cells and
to induce the expression of mutant vascular clusters of different sizes.
PIK3CA protein in endothelial cells.
Ji51 K i T 2H 22 B A8 R AV IR " \ . .
U # FR BN AL s 2 i MBS R LU T AL BUR A B
SY IR FRITY G Y R AN | kR H Sk Ty g [N
BATRITY IV T LA 7K 0 9 1L 5 0 7 1
Ty 7 28 AR 24 R I 8k V7 S AR 40 i 4 3 o g e g o
N = " 11 117 ,%ﬁ;éﬂ’fhﬂmﬁ/)ﬁm ERHAR|
6~7 JAWEME BT, 7E BT O T
7 . . 4 AT
A PR After the endothelial cells were isolated, A R .
A AR . Vascularized tissue formation can be seen
6 ~ 7 weeks cultured and amplified from the venous . . .
Transplant ) L A 11d at the injection site of mice, enlarged [13,26]
old male  malformation tissue and the blood of the . ;
model lymphatic vessels and blood-filled blood

nude  mice

aged

diseased site, the type of mutation was
determined by gene sequencing and
suspended in the extracellular matrix of
the basement membrane and injected into

the dorsal and bilateral sides of the mice.

vessels can be seen under the microscope;
immunohistochemistry ~ shows that the
endothelial cells of the diseased vessels

are of human origin.
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MRIEAZ AR AR " i TIE2 5875 1Y) S [A)
TEA2 TIE2 2R AR RO PERE IR 1L, , 1 4 7 B
TR PI3K/AKT/mTOR {55 3 #% Fll RAS/MAPK/
ERK 5 %5 i I #3400, & S8 VM W &
EELZI’ 31-32] R
1.1 EF AN EMERNBEER
Boscolo 2518 B S~ T 3T TIE2-L914F Ay A
JE ik P9 B2 28 it ( human umbilical vein endothelial
cells, HUVEC) B A AL I MBS B4R 5E T mTOR
P R ER T VM RO, FRE T
VM S-F697 B 5, Bl Li %07 ey i
LR VM sh AR 0% 5 TR YT S IR IE
PIRARSE VM 1 29w AL, AR . 5 550 i
TR 4 KA TIE2-WT Fl TIE2-L914F #9355 595 55
J&Yt HUVECs, #5113 HUVEC-TIE2-L914F 1 TIE2
E AR I B P AR DL 2. 5% 10° 4 B 7%
T 200 L BESTIE 5 SR 5 FE 79 28 240 B 43 ol B T 1 A
26~ 7 AWM HEYETC AR nu/nu B S BT
(TIE2-WT 2H & M Xt BAL ) Jo W MR 37 e i R
JOD R RO 2 it B A T AR, 25 R R L AR
SHEEIES 7 K, HUVEC-TIE2-LO14F 525 20 # FlE
B AR A8 PR B, I LB B ] % 385 Jon g 22 A e
AN, FHZH 200G B 2 ki 2 it A 1A ke
AL AT DUAS KLU AR 48 s PR B 2 R ek 21 2
NEESEPEST CD31 PHE H. oSMA ™ I P B2 20 i3 1
i, AN AR B VM 2% % 0 G
S AT G AR e AR S AP B 4 ™
AR I 5 R KA 2R G AR T B, A 3] 11
PR HE R Lt A5 RE e B A AL USR], O HOA A
VM A BUR A — 2 AR RLEE . LS dA e R 4%
Sk TR LT HL IS R) JE] 30 45, 2 B R 2 1) VM
YRR B I AR N TR AR I
EFIRIE L, Sl R N VM i A8 4 97— E 1Y
S, WU T 290187 ORIV 25
ST VM &I 10 53 2F AL e R
Niitynki 26 MR FET P4l Ro Atk B P4 F 4 il
DABRIATE 7% A 381 50 8 BK A 0 052 5 % /N B (server
combined immune-deficiency, SCID) W1, #/E U0~ . 1
Seli T TIE2 h R849W 1.914F [ Y897F F1 R915 L K
H Y897F-R915 L AUFEAS I 2 1) 3 4 S i 7 Sk % 1)
HUVECs ; 2R J5f Ho il £ R 1000 440t/ P9 Bz 20 i Bk
TREESR s I I RBAR A A R~ 14 3k I ke AR5 . it T
B WE SR 6 ~8 JA i SCID /)N U N, 45
1000 ERIRAAR (TIE2-WT 4135% B A B4 ) . 4553

RS 10 d S5 SEER AL/ BUE SO A B, 2140
HAET] LSRRI AE , i s UL R LY
Bz MM A A= AR A, I FL T L A% SP-F LA  432
HHEFZESL, (EAE RS, Y897F Ml RI15 L A5
AL B LA T B 1 1 265 ) BT P 4 e 7 35 o A Tt
FEAREYLHES, A H I T #E Y897F-R915 L 245 [H
PERY VM B3 PRI 2 A AR L, b sh R R e 8y
e SR Boscolo &8 oL, FE X NAE T 3h
P B4 25 90 RV 200 B 5 3 R 1 1, A o R s A R
I R WAT IS B P
1.2 EFARMBEER

ULAR R, FeF NS IRFE A Y VM B0 A 4k Bl
K HWEIE VM JE BRI A F- LR AL T 0T 5 1 2%
i, SRR S5 VM 4215k VM I
Sy BT IG R IR N B AN, SRR A 2 R E VM
BN TIE2 (RN AR

Goines 25122 Hl Schrenk ' H A TR T A
SRR IR BRI URE VM 42U VM I
VR B R A B R 8 3% 5 SRS FH DN B A0 LR S
PEFRICH) CD31 R REERBRIC T ZE VM P9 Rz 4, &
PN P s VML ) 28 A8 2 A0 5 5 CD31 Aric B
PER N B A EA T 9 3G, SR 5K LA 2. 5% 100~ 3.5
x10° NETET 200 pl. W S, B2 R g% 5
~6 JEIBHEYETC IR nu/nu BUAS T 586, 45 R WoR
1 TIE2 2875 /) N B 40 M 7= A (R AR FE 5 9 d J
A UL 1 00 A5 A R BB A 2H U B 2 A T L
PR B LA P Ao A v L HE B ZE L 4 Y R 4N
NV 2 UEA-T 4T 09 S i 20 21 Ak 2 e
0 AT DAIE S 1 A58 A8 Ak ) A0 MR 1 AR 9 A4
JifL, SRR R AR A PN B 200 7= A 1 i 5
5 UK R bz , 3 HE R0 i 45 R P He R 2%
LT AN VM JRZAE 28 H P S T LA g BEME 4G A2
LRI ZEAR B VM I S ot (R AR AR 1) B
ST FL AR 2 DR A i 7 1 A0 LR 1 A BR
R B 2R AR, I H I BRZH 20 L 1)
MIEE A 2 T N E R AT, A
TIPS K NG LR A I R BT

2 PIK3CA REDhipER

PIK3CA J2: % 1% W 12 UL RS 3 3% W ( PI3K) 1Y
p110a AL JE AL 2 #F5E BoR PIK3CA %8
ARG VM 1Y &R H S AR o5 32 LA IR E X 1Y)
AP 9 DXIURT G X A A1 2 F 20 X8, i LAY
A5 I Rl E542K | E545K  H1047R 4 40 Jifd 28 75
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PIK3CA %875 5% PI3K/AKT/mTOR 15 5 18 #% 1) 12
PESLTE , IS8 VM Ry &A1
2.1 EREIEZHWEDR

Castel 2515 HES7 T PIK3CA™™ 0 5838 f) /N L,
VM A JfF BB R EGUE T PI3K #0451 BYL719
A BGARYTT PIK3CA 5878 RGN B VM K2 [R]
FRESHE VM /N RUBE AL, Ry 3 PR 28 45 1) VM 36397 42
Bt TIRTERIAT ik, BRAEQR RN R R
LoxP-STOP-LoxP ( LSL) -PIK3CA™ ™™™ = [ & 5 1
s/ TP STOP &, SRS fd 1] Cre-loxP $ AR DL 2U%E
ST KISk PIK3CA 2877 H1047R W3Rk e 5
Sprr2f-Cre B AR 243, 45 R 7w AE o X B4l
PIK3CA™™™" /NG R W%, i PIK3CA™™ /N,
[ B AT AE 4~ 10 JEI P H B0 IS ORI, 204U B 2%
i SR U €3 gt (VA (I T 3 (1l 228 TN
FEAEA R i A BT KSR I, Micro CT A
DL SIZB0 20 /N BB A 2 18 3 30 9 I VR B B
JER P18 95 25 A0 FH 2H 2908 B2 A AT 1T 8 7 PN B2 400 i 5
it Ca N (AR A RTINS 0F5)
YRR A AR /)N B 5 0 A FER s 28 I S )
T A VM, Al & BRI NZE VM & pLi] . {H 2
SHC S d5e Ay gy SRR DR TR N B AR A , o AR
Bl H A 1A I A FLARE TR I AN Rl B A W 5%
SR KA R RARDL . BB A TR H R
VM & A B0 T2 0L

Castillo &= fg dt T PIK3CA™™™ JNE Hh IR 2
FE MR A IR R AR IR RSE T PIK3CA RAZ )
VM 9 A e AL H, BRAE R O PIK3CAMN 5
T-CreERT2 /INEZAS , 345 PIK3CA™™™ di iR 245
PGk, /RS 7 K, m HE BT AR
F ) =R A T 5 Cre 300G , 75 IR iR IR
2 Wi A& R PIK3CA™™ ™ ik, 45 R BN,
PIK3CA™ ™™ JRfin/INREAT — s IR Bt (02
A3 B B /N BRADAT B 10k AT UL 22 kb R R ) S i
SR, TR JZ A 1 5 T AT DL PR A A A
TR KR TR K S 5K, 223 8 R AT R B
AR ERA B L A KL, ZH SO Bl A A ] LR AR
THSAVE ph R R ELAS R0 g I L, S0 LA N S A
LH AU LT A B R I A Ry kb ) BT i, 9k
ELbRIC e e o] WA B A DR R A . DAL
FRIEFEH PIK3CA™™™ IRG/N B AZ T2 VM,
5N VM WAL B RRE AL, L SRE PR /N B 7Y
1 Castel 251" FHE 7 0 35 DR /)N BRURSE B0 A FR L B9 O Bk
R BRI Z ARG BH I 8 e Sy A 78 A 3 o e v

A B R B I i e R R R B
FEARIE R U AR, AR A E 5 A5 IR
F VM MK E R RIZEAAE,

Di Blasio 45> 3 i 78 4 5z 40 i o Jmy 38 45 i
PIK3CA B35 2878 @57 7 VM /N BB RS | 3
PI3K/mTOR il 53iF B o] AT R B VM A48 4
YEAIF o R26-PIK3CA™ ™™ 5 Cdh5-CreERT2 %
/N 23S, 13 BN, SR IE 7R/ BRUS TR DL
RIES = R A A R R A A PIK3CA H A N K4
JLE TR, W T S5 007 72 UL PR v %) J S R k1 1
SRR AT 1 RS, A B A
AN S5, A1V HL2E 00T Bom Yok, i 4
2 RS 55 HAS RO HES 149 PN Bz 41 A A
HAFTE RN — AN R AL A X4 5 A VM
AR UL, A UAE [ Castel 255 1 Castillo
SO Bkt | g PG T B LS B AR 4 2
KR RGO, I BRI A B s, LA n] F
PIK3CA 275 B VM 2 FIRIF 5T .

2.2 TBIEEER

Le Cras %:26: TP &% B 40 s B bk omy B
(CLVM) [ 5 R RS A AR Y | 5 L 0L o W B A 1k 4 7
CLVM &Ji Ll (5T, H ik Goines 217 26
oL, B SE N CLVM [ 19 48 20 20 S s Ak 7 SR Y7
S0 e SR 4 728 RS A MLV R S L P B A R A T
P REREIROIAL, | e DS R A se B 3 5 4R
JE A DNA W DLW 22 S~ PIK3CA 287% ; 5 o FF
2.5%10° 4NN Bz A AE 200 L B 5 TR IR A 142
AT 6 ~7 JEWE 4 M PE T AR nu/nu 2N U
RPN, 255 R SRR AL AE 11 d 5 W] DL A A
L, L L ARG A A AL AL 2L AT L K Rk
EL 45 R0 78 T I VR E‘JE[L%@, Nz W Bz B K Ulex
europaeus BEE R [ RILFHME, 5 CLVM 4 41214
UL, Castel %" i@ PIK3CA 2€78 1) VM P iz
2 b 7 558 ) G A7 401 BRI DY, A R T B U A
JAIE 5 D e 28 2H 22 RS IMOAR AL A 55 3 i 45 4k
G LE (R i B A TTTEE S, T VM ShAp sy, A gl 5
TIE2 5378 N S5 PSS BB A 1) VM A5 5 ik S
BRI, 3B T AT 3R A K i AP L SUbR AR (1 [
B APt —2E 58 CLVM &bl B 367 BB ST 4

3 HAtbzh#xs

FE VM B iR Y7 B 540, BF 58 35 A1 A 1
HWEHKICE VM B0 IS T 259 7 i os. |
P 7B R S U O AR VML B I T P
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FIBIT VM IS ; Smithers 258 3l 5 7] 5% e 551
ok 8 2 B Ok B HL VMl fk Ia 9T e AR AL,
Kulungowski 45 138 i3 [i] e 1 7 ok i 5 2 o
7 THT DK AE AL PR 2 1) Sl A AL R E B DL AR B Al
TR WA IEYT G R, T e R
JIKFT VM 35 145 78 20 2005 PR T AF R IR 25 5%,
B P A 1B B KA R VM SR 45 T S 6 i 9%
AT BRI R T, Bt 2 3 DR T AR /N RO T P 2
YRS B A, LSRR R T VM AH
KA S IGI7 IEE

TE VM 5 T2 WL HHR R A1, Wang 451 @] ¢
A BRSO SR DR/ N R R R R
R EE (PYV) S R Z MR, sk e
JeE TR AR RN AR AR, R 2R EE D T I
(PyMT) 383 SR 15 32 R 55 A0 1Y P Rz 240 i foff G
B Ak (75 BUMR G 9 R 4Rk A Ak, AT 3
AR /N B P I A e T R Wang AL01 Sl B
T Tet-on REME T &H 5 TetR fllGHY NK10
PRI 1) 25 P2 5 PR BRE ZAK 5 SR I ol FH 0 A e S e R
P BB B S 3] e57BL/6) /N BN P R R R
H A FE R /N B 5 B A4 A CSTBL/6] /N A Bl 3545 1
—AR/INER FERR 6 JRIE I AR 25 R AR LS
MT IEH R, FRER AR IR R MG 2
A H /N R B R BT LGS S B AR AL R
TEHIHER KA . BUALR ] 68 [ A I 3l 45 il 1) i
Rk Jm B T R 205 5 09 VM /D REE AR 2, 5
H AR THHICIE D 2 AR W57, B A 9 28T 58 &
YEisH

4 s

= =]

VM 2 0 360 % DL A — e g R ey BR 2 1
BRE S VERVLSIRTE 2R, Ak, bE X
VM 5 F2AHUH 35T & B TIE2 5%, PIK3CA 2781
AR R, B 52 A AR AR A E Bl R A M T 3 BOH: 7
) PI3K/AKT/mTOR {5573 # Fll RAS/MAPK/ERK
5SS A TR VM AR R
T ICHLTIBGE & TF K T A [R) 5 R 58748 4 sh i 45 8
5T AT ARPE O 52 3 9 A R TRl b A7 1 86, BRitb =2
A B IR T — AL e PRy i, AR YR A
TSR O] S o0 B AR R AR RN 5 PR T AR /D BB AR
FEAEAS I I N PN R A M A ) A8 I 5 BRUBKS R 58
TR R AR R N AT S AR AR AR
AERIRIE I, SO 2 T AN GE FH F AR 9E 3697 7 i I
SR BIRTAITAL PR TR /)N B R 2 7E B Bz 41
Jif PSR MR e ik AR IR PIK3CA™™ ™ By BRL&R

TR AL VM &R BIL ] Bk s A it AR BT
Hig e, e 7 2 0E H TR VM RS LS A
KM5E

HAT, TIE2 TIRERASTE AR AT VM 3L T
i SURERY 3 R DL, TR J RLE: TIE2 RS & E
(A SR R o R0 1 ik R M I 3 i, B 7 S s
WIBET . KRR TG AR SR R ISR 5848 S A
AU, Al B3N [R) O 3 57 1 R — 58 AR 2
VM SRR 5 VM )5 TR AT 18 86 1 A A 1)
SR T R AR FE N B3 VM Y 4
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