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[ Abstract]  The need for suitable interventions for progressive pulmonary vascular lesions has become a
bottleneck and a consequent focus in the prevention and treatment of clinical pulmonary hypertension. Plexiform
lesions in pulmonary arterioles are the typical pathological manifestation of irreversible abnormal pulmonary vascular
remodeling and the criterion for stage IV pulmonary vascular remodeling. There is currently no effective clinical

intervention for such pathophysiological lesions, highlighting the need for corresponding animal models. This review
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considers new progress in the stereology of plexiform lesions and highlights plexiform-lesion models in mice and rats

induced by multifactor stimulation, such as two-hit models and genetic engineering. It also evaluates the

characteristics and applications of these models to provide a reference for animal experimental studies and to clarify the

mechanism of pulmonary hypertension with pulmonary vascular plexiform lesions.
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Table 1 Comparison of the PH models induced by compound stimulation with pulmonary vascular plexiform lesions
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Table 2 Genetically engineered PH models with pulmonary vascular plexiform lesions

PRI E A IE B . < o
£ 1 ;L 2 . - HpAs s bLEE - "
BRI L , 1t INARSR 7 1 22 B o FEHY (14 Jmy KR
;Y WiR7S o L ; 4k o :
Models . Conditions for the Manifestations of . Limitations of the
Animals Methods . . . Other lesions or
name formation of plexiform lesions . model
. . functional changes
plexiform lesions
FI B TR A s
e L AR 1~2
HEST Eglnl /MR, 3.5 A#Y/NR, HAR W TE T35
Eglnl floved /NELY  VEMRILEE PSRN > 100w B9 LEE o BT T IR L PHD2/
T Cre ¥ 3 PH/NEL PHD2 %A 8% th BLAAR Jog ¢ SOl HIF-20 £ 5 S 4L
s e A . 50%,6 H &A1
AR AR Eginl mice were %X N il
Eginl N . . . KK 80% .
Tie2Gro6[ 34,54] . Offspring of Eglnl  established using In 3. 5-month-old . . Confined to targeting
’ Mice . ) . ) . Right heart failure ;
Sfloxed mice mated genetic engineering mice, 8% of the leath started at 1 the PHD2/HIF-2a
with T Cre transgenic  techniques to reduce vessels > 100 wm in death staried a signal transduction
R R . 2 months, 50% at K
mice PHD2 expression in  diameter showed machinery
L tothelial lexiform lesi 3.5 months and
vascular endotheha plexiiorm lesions 80% at 6 months
cells
! . e fiti 3 2 ik 0 2 R
L ELER T weem e, g AL L
CCI0-IL-6 J [H 6 AR VG /NBUM L 3~4 ARTTHEHIL AT DR AR " o
A(CBA x CSTBL/ A% IL-6 ORIk 2 i IR 28 i K oE1e e
ey . ‘ - . i, SR B EART
6)F2 /I EL Using genetic  (fFTEFI) Chronic ]
1L-6 VR, . . . . Thickness  of  the
[55-57] . CC10-IL-6 gene was  engineering It was controversial pneumonia, o
TG+ Mice X . K X media increased and
transferred into  techniques, the of occur for mild emphysema, right th | ¢ elastic
(CBA x C57BL/6)  over-expression  of plexiform lesions at heart hypertrophy, © .num )er. o crashe
. . . lamina increased ,
F2 mice IL-6 in mouse lung age 3~4 months and slow weight . . .
. . which was inconsistent
vessels was induced gain . . i
with clinical patients
FFH 3 A TR
A5 T/ B i
m ~
B 9 2 4 i ITSN A
- 77 57 T 1
B TSN BB/ 4 Ak 6P F BRI B 20
a7 N B G & A0 BB TTSN F=A: 1 NH2 K
g o SR Bl K TRMEIRIE S O B
(KO™™7) ZMRME P % SR A I kgl i K 8ok T—\E%;ﬁ‘(ﬁiﬁﬂﬁ ﬁqﬁ&»gg@ ;%rﬁ C
N . . o) 1, Z o
1 EH ey 2 HTA e ek (R 4~ 12 DMARIE *’j}?’_‘ﬂ-ﬁ‘f&"?ﬂjﬁ fﬁ%H‘ELE/JE;”IﬁJ
. 3 . N == >~ s b7
BN, FERG 48 hVE WS 0 B A MK AR, L AR 4 R j%x Pulmoxna EVECs were
AR B 18d ) i B 25 . v .
ITSN knockout/  Usi A inately 4~ 12 Degree of transduced only with
EH - N noe Ol_l Slr,lb . gene ppTOXImd 6?7 pulmonary  artery the NH2-terminal
TSN/ 60 €31 AA- heterozygous  mice  engineering to  plexiform lesions are . . .
KOQ'™V/-[0.6] Mice S . . remodeling was  prolein fragment
( KO"™™~ ) were induce reduced per lung section K .
liod with EH TSN .. neludi Imost different by chronic  produced by granzyme
app 1e~ wit N 1SN~ ‘ expreslswn rm 11?(,.u {ng f; rr}ofsl pneumonia, right B cleavage of ITSN;
gene input into the m(iusel Plilmi)lﬂii. r}i zdflo‘us D hypertrophy,  the potential
lungs thr.ouhlgh the \jalblc A t}e:n ot etf orms and no  death contribution of the C-
orbit fmd injected at ;ICHS’ en © during the terminal fragment to
48 h intervals for 18 sy gene - was experimental period  this mouse phenotype
d induced continuous

expression ( this gene
induces endothelial

cell proliferation)

was not considered

6 E-F BMPR2 S pyEE T /N

F PR 58 AR 2 35t 4% 1 il 3l ik =5 K (heritable
pulmonary arterial hypertension, HPAH) f& 3 f9 3t

AHEHE, FIEREA 1T 324K (bone morphogenetic
protein receptor type 2, BMPR2) Z& A8 J& i M4 &
LAY PAH U LN A8 5+, 78 HPAH 5 /Y LB
it 509% ), VESh HPAH % 8152 (1 507 3 4 5
5 BMPR2 A8 5 — B J& PAH s )85
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RS, A — 7T, R BMPR2 & [R5 5335

FETET HPAH B34 HE G124 5 B,
1A R E] 30% A9 NFERE% B PAH® | o3t 2 Ut
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BEUE N KT, R BMPR2 5 K 48 S 3% 1 B
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PH ,{HLfili i %5 544 ) 95 A8 R B %, A A AN 21 T
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AU/ BB 2 90 00 22 53 B G BL & HE ) R mi
BMPR2 i [R5 S % it 1 A5 5 440 52 0l 79 522 22 e -
MER TAMEF 4 15 19 2.4 kb B9 Clai-Scal Bt
) BMPR2"~ 4 & /N ROGHIR AR, il 50 ok Fe AR i /)
S i AR B AR T B Az /N B R R R A R
fiff £ AR A BMPR2 FE K 4P F 71 bp By HL55E (v
FEH B2k () BMPR2YY7™ K BTG 48, T Il

HOREE A PH AL R AE ) 45 F BMP9 3
4y 353K BMPR2 (1) BMPR2™™ /INER, Jiti 8 Jok 5 s
REARK , I R AR A5 B0 A 700 {ELIE: X PN 2 4
MI5E 45k 2 BMPR2 #3511 BMPR2P ™ /NRRL, i
A8 PO BB S A A f 7 T R e X A
PR AR AET X BMPR2 3 K #5516 245 4 5 H:
EIENIRIT R, 3 2 B AR AL IR Y (7 2
PR BN

5-LOX 5 5 # BMPR27*™ KB T &
/b T % 496 728 RN ] BE B MR A 7> | B 78 EL 0
(AR T | R AN (] 8 9 R T, AT e B AR
7% T EE ST 51 R HPAH 825 25 i ™
MM RS, B T XA EEAN, 4551k R &
# BMPR2 JERAS S 14 & B, X BMPR2 & R i#E 17
IS A e O Bt o W 2 S L A A 5 < VAR =1
AR BRL . FE T BMPR2 #p5 i BE 4 T2
2 PH BRUPEAT T 45, W 3,

&3 BMPR2 # ik P TR/ Bl R Bl
Table 3 Genetically engineered mice or rats of the BMPR2 targets

FRTE
BIRIAFR . PH ] Xof BRI S 7 i L A4 5 25 25
Models KJJ% ik Time of Responses to the Grade of pulmonary
Animals Methods R L .
name spontaneous environmental stimuli vascular lesions
PH formation
MBS T AL & AN T 4 S 1 2.4 kb
Clal-Scal Ji Bz A BMPR2 JE[H 1) ES
SEWE MRS £ CSTBL/6J /NI 4 R4 3 & (119 50 i/ 3h
b, T8 R A D B S OMEPE TR LA BE B ARG T 58 A= ) 1
C57BL/6) /N B 2% 28, 77 AR i N, PRl bk 7 5 A4 1L
BMPR2"" /MR For 3 weeks of hypoxia (11%
BMPR /NBL ES clones of the human BMPR2 gene 2~5H oxygen ), the degree of 1%
2 ¥/167-68] Mice containing the 2.4 kb Clal-Scal 2~5 months  pulmonary artery muscle arization [ level
fragment of exons 4 and 5 deleted were was lower than that of wild
microinjected  into  blastocysts  of control mice, and the mean
C57BL/6) mice, and the formed pulmonary artery pressure was
chimera mice were crossed with female similar
C57BL/6] mice to produce BMPR2*"~
mice
1 9¢,6 ™1 16.0%
PR 12 4~ H 27.8%
TE SD R B, I JH 98 4% R i 57 A FRER MR 22 57,
Hgk BMPR2 £ K 51 T 71 bp A 5 S 3, WO S R R PR
BMPR - RAVE SIS 4 4 _ 6/ Ji PH %ﬂﬁﬁﬂu%ﬁ#im I level,  16.0%
o +/ATibgl 9] Rat In SD rats, a single allelic deletion of 6 months Hypoxic stimulation can form positive rate at 6

71 bp in exon of the BMPR2 gene was
constructed using zinc finger nuclease

technology

27.8%

positive rate at 12

more severe PH and abnormal months;
pulmonary vascular remodeling
months. Male and
female difference,

female negative
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AL PR 0 ik PH H[H] Xof PRI S it i A A A S
Models . Time of Responses to the Grade of pulmonary
Animals Methods R . . X
name spontaneous environmental stimuli vascular lesions
PH formation
ANEHS 899 i & AR K AE KAL)
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4 S +/R899X ot =
QRSN Mice uman gene fragment o reversed the pulmonary ;7"
(R899X ) at position 899 is injected arterial hypertension and
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R899X offspring ( BMPR2*™*%)
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EC-/~[71] e C57BL/6]) mice carrying the L1-Cre Freshman, complete absence of BMPR2
2 Mice . . . . L Unknown
construct were crossed with mice with unknown expression,  administration  of
one floxed copy of the BMPR2 allele BMP9 instead promoted
and the offspring were crossed with mice proliferation ~ of  the  inner
carrying the Ai6 floxed reporter gene membrane
construct within the Rosa26 locus to
generate L1-Cre”"/Ai6""/
BMPR2"™"™ | the BMPR2"“""" mice
HIRAEN BT 5~ 5 A ALBE (5-
lipoxygenase ,5-LOX ) A5 LA
T TE A 4~ 6 AR B
TE F344 L, T BEAE % R i 1 Wi, 3 P RG™  PHLS AR o oy e =
AHgE BMPR2 K v, 9 & F Fisk ey AL 25% , 2T AL ED) e s S
N o ; —ENRE I 28995 7%, i 326 4B
BT 1 R AYAE X A 527 bp By ER HE v frgad
el i PH . B AR AR
SRR SR Transgene of the important . .
BMPR KR . . No PH was . . After 5-LLOX induction,
/ASIThp( 2] In F344 rat, a monoallelic deletion of inflammatory mediator 5- L
2 ' Rat . . formed . . . grade I lesions
527 bp in the crossover region of the ithi lipooxidase ( 5-lipoxygenase, 5- ° 4. and similar
intron and exon 1 boundary of the Wl‘ mooone LOX), fed into the lungs of 4 ~ d{)pei?rfm, ane ls . a‘
BMPR2 gene was constructed by zinc yeat 6-week-old  rats,  developed prextlo d estons
finger nuclease technology severe PH at 3 weeks, had a 5- appeare
week survival rate of only 25%,
and often died from right
ventricular failure
B AZTRE, £ 8
JAF S, 12~ 14 B i,
JEVSAE P TS i A SR B R
VI 4 TR L Bl 4 20
Rosa26-rtTA2  /p Kl 5 Rosa26 IMU\’/\ 4 Jj.’ DAk 0 fil 21 28
deld+ 2 AN W20, D)2 s 7
BMPR2 INEAC R, ST A A T Lo Lo .
Rosa26- Doxycycline incorporation in food 7% WL TN ¥ 4218
AR RHI )
BMPR . . . was induced for 8 weeks and No level Il report was
delxd+[73] Mice Rosa26-rtTA2 mice were mated with Unknown
2 formed at 12 ~ 14 weeks of age.  reported

Rosa26  BMPR2{+

heterozygous mice were established

mice, and

Intratracheal injection of
liposomal clodronate once a week
for 4

macrophages in the lung tissue

weeks  to  reduce

reduced the lesions
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