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Fig. 1 Knockout of Dicer in VSMC of mouse

by conditional gene targeting

COOH —

SM22 transgene — SM22 cre

The RNase [l b domain is encoded by exon23, Targeting allele situate in
RNase [lI b and contains loxp sites flanking exon 23. VSMC specific Cre
transgenic mouse line is SM22-Cre, in which Cre recombinase was
driven by VSMC specific promoter SM22. The Dicer is knocked out
through destroying the exon 23 by conditional Dicer gene targeting.

FEDR 3 B 7 SRR )/ LR BRI ) L4
ZUHN 200 pl 50 mmol/L S AL M i, 95T
Ji# 50 min, BEZ B0 20 wl 1 mol/L Tris-HCI,
250 Smin, 2 wl F3EM PCR. Cre f 715149
J& 5" GCTGCCACGACCAAGTGACAGCAATG( I
Wi51¥), 5 GTAGTTATTCGG ATCATCAGCTA-
CAC( FUi51¥)). Dicer HFF 5514 & 5 CCT
GAC AGT GAC GGT CCA AAG ( L5l #),
5" CAT GACTCT TCA ACT CAA ACT( il 514).

PCR 7 43t it S M B s W vk gk AT 40 1. B AR 2
Dicer 145 7% 7= 4) /& 350 bp, 1fij Dicer cKO [
FES =)/ 420 bp.

1.2 FRRRRIEFNE

T 43 HT Dicer cKO RRHISERIR L. MG
& B F Dicer cKO NG FT LB EEAR A, J2pR 2
(PN TR SRR AR g BE B, IR IR S IR R &
oL, JFREERSG, BT s, fiidid
SEREE, A AIREALE RS REsetEE, K
NG 4% 1) 22 58 W e ] o 48 h, A s A B )
F, HE 4% F1 Masson — {0 4Lt 1 7.
1.3 3BT PCR X miRNA #1 mRNA XA

TR AR AR D, BrEL, BN FE i R
RNA M 2 MRGFFRE. 3XFE, Rl 3 SFE
73 AN 6 4~ Dicer cKO JIRJIGAT 6 A [) 83 1 0] i IR i
HOCER . ARSI SR FH CAROE IRe S M 0 il ik
1T T AW, S TR I HE T LPUR (aSMA) Bl
PRI T H FI(CNN1). L 22 mRNA(SM22) A1)l
BREE B 22 mRNA(Myh22)%6 081 L2 46 1)
ﬁ%&fﬁﬁlﬁﬁi‘%ii P R DAY R R 1 5 1P e 5104k

AT TR, 38 XA AE % 4800 S PCR AU T

SYBR £i {1, %¢ W74 521 PCR(Roche Applied 801ence
Indianapolis, IN). & T #ll4kE % PCR 724, 2
T Rt g, POREHEH x £ s(n = 3RER.
1.4 GERIERN VSMC HIEE Tk

W s U ik oK, SRS RN 95°C ~100C
10 mmol/L #7& BR 84 F1 0.05% i 20 (pH 6.0) %W
HEE 30 min, BHATHURMEE. FEPBI(5%IER
t=E 195 3% 4 L3 E 8 H AT 0.1% Triton-X 100
(1) PBS)ALBED) A 1 h. FH 3845 4 40 J A% T A4 A DU
VSMC Wi 4, ik —d4Cmadn, H
0.05%H:3 20 PBS ¥ (TPBS)%t 3 ¥, 4#{X 5 min.
Z )G, VIR TR Alexa 488 il Alexa 594 1l f
o BN LAY —$i(Vitrogen, F TPBS 1 : 200
BOEZEETIE 1h, W3 K. 2E, HEHR
DAPI or PI (Vector Laboratories, Inc., Burlingame,
CAYE FFIE F, HBHEEIE 2O B bt K
BT R AT AT AL 2.
1.5 SigF sk Nk AENE
£H

F 5 9O RA R S R DU R AL Al L A5
YT S (pERK) A BT 10 25 1 I (pAK T L A4,
X B14.5 RIRIA NG E S kAT e e th, fELLT
fipp 1 A8 FLAT V5 1R (05 5 B Al % £ /1 VSMC

SHESER



2014; 41 (12)

EIER, % Dicer XHE miRNAs 2 ME TiBANMAS L FNIBIEFT 4 FHIERFFTEF

* 1257

(PRRIE. G BRI AL G I AR BT VR A IR
££ E14.5 K WG 0 77, 75 & f# ¥ (Thermo
Scientific, Rockford, IL)™E A ALEE. HL 40 ng %5
WA AN 8% SDS-PAGE #tfik, HEATHIIK, 2
i R B U GBI IR AT R b
F 5% Wi la 4= @& P 1 h, 789 RS G T e s v
Pi Dicer (Santa Cruz, CA). p-actin (Sigma St.
Louis, MO), #HUFMRALHE MR (pPAKT). HLEH
W (AKT). pERK F1 5T 40 M 41 15 5 98 37 ¥ i
(ERK)(Cell Signaling, Danvers, MA) —#$i, 7 i
AR, ACHRTE. F—PiRavtdgk, N
PR AL BRI — P, =W E 2h, AT
PUARVEE ST, N R 5 A

LIl PCR. Western blot F15Z [} PCR $ R%EH1
RetEsciG Iy H A 3 L b, SR Ade, Bdamns;
Y) R 1) HE 42{6, Masson — {7 G% (0 1 50 2 9¢ Y G
BT T 3 K15 WS, PRI B S S5 000
AR

2 & R

2.1 FERRIIE FEAHAY Dicer SEALBATE T
A T W 9% Dicer £ VSMC F I 1EH, @i

(a) WT

Dicer®o» /N 5 SM22-cre # L Kl /N FR 4448, BK
I s U0 A0 7 23 465 (1) Dicer RNase b 45
¥, G MR A0 23 T ER T Dicer, 5 EH
Dicer®»_SM22-cre /) fil,, H 4li & 7 2 ¥ Dicer
cKO /M. fEub i #2 ok 55 & 4% Y Dicer 1
Dicer™o® /N i1, (£ 4= ) Fil Dicer'™*- SM22-cre /)M i,
GREGTAY).

T8 3o A8 T A I A BRI 2 A RN RS A
18, WA EEA AT S MIE RS, AR+
Hogr /N, TRk DNA ) PCR 4390047, Ak
M H Dicer cKO /MR, Bl Dicer®»-SM22-cre /) fi,
(Kl 22). XU EEERBRKESECHT.
Ik, A TS Dicer cKO EIGIIIMLAE ARl 255
AFFAET I 0], FRATTEE N, T 0 i A8 P42 i 504G 1) 7
%, MWIEGRBER 75 N U IR G, d# T PCR %55
ANFER B BISER Y, 4T K Dicer cKO I fifi
(El 2b). 4 T 1M Dicer cKO it fii VSMC [f] Dicer
ik, MR 14.5 KRR (E14.5) 115 3 ki
ATHE AR, Jfd B E e IR Dicer. 5
WA R iR/ SAHEG . Dicer cKO R JI ¥) Dicer 7K
ARG 2¢), Wk K2 H A WE, K Dicer
cKO MJIf7E E15.5 KRG 4aHBALT(14 2d).

Dicer'™*-SM22-cre

Dicer'™®*- Dicer'owlow-
(b) WT SM22-cre SM22-cre

e
)

<
(c) z 1.2+
22 EEE
g 1.0 _
g U
2
208
g
=
2 0.6}
s
504} WT KO
o
2 u « * Dicer
=
Q
=2

(=)

"‘ B-Actin

@ 120}

100F =

*

80+

60}

Survival rate/%

40t

20}

. . . PO
E12.5 El13.5 El4.5 El15.5 EIl16.5
Embryonic day

Fig. 2 Dicer cKO embryos and death time are found, Dicer knocked out is proved by PCR

(a) Only type two genotypes that was wild type (WT) and heterozygote (Dicer™* SM22-Cre) were detected in all of newborn mouse by PCR.
(b) Genotypes of Dicer cKO embryos by PCR showed three type, that was wild type (WT), heterozygote (Dicer™* SM22-Cre) and homozygote

(Dicer®® SM22-Cre). (c) The mRNA and protein expressions of Dicer in Dicer cKO embryos' umbilical cord were significant reduced at E14.5
embryos respectively by Real time PCR and Western blot. (d) All Dicer cKO embryos died at E15.5. ¢—e: WT; m—n: cKO.
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Fig. 3 Dicer cKO embryos showed development delay and death

(a) There were significant differences of body weight from E12.5 to E16.5 between Dicer cKO embryos and control ones, indicating the developmental

delay in Dicer cKO embryos. ¢—¢ : Control; m—m : cKO. (b) Vessels were not observed on foetal placenta and body of Dicer cKO embryos at E15.5.

(c) Comparing with the control embryos the morphology of Dicer cKO embryos in embryonic different developmental stages showed growth delay as

early as E12.5; became more distinct at E13.5 and E14.5; displayed extensive hemorrhage on the surface of body and death at E15.5 and E16.5 and had

an isophagy at E17.5.
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Fig. 4 Structural damage in vessels and hemorrhage in organs of Dicer cKO embryos
(a) Comparing with control embryos the degenerative injuries of abdominal aorta in Dicer cKO embryos were revealed and tunica media became thinner
at E13.5; the vascular wall invaginated and blood vessel changed in shape at E14.5; architecture of blood vessel was destroyed and red blood cells
leaked out through injury blood vessel at E15.5. HE staining x400. (b) Severe hemorrhage of several organs occurred E15.5 in Dicer cKO embryos. In
the skin (S) the epidermis became thinner, blood vessels were dilated, filled of lots of red blood cells and occurred blood stasis (arrow), a number of red
blood cells diffused in the dermis.In the liver (L) hepatic cells were in degeneration and necrosis, construction of the liver was damaged and a mass of

red blood cells distributed in hepatic tissues. In skeletal muscle (M) myofibers were in degeneration and necrosis and became fragments (arrow). A lot of

red blood cells filled in muscular tissues. HE staining x400.
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Fig. 5 Proliferative obstacle of VSMC in Dicer cKO embryos
SMC of abdominal aorta was in lower proliferation at E13.5 and E14.5, and was in little proliferation at E15.5 by immunofluorescence staining (IS)
with proliferating cell nuclear marker gene antibody (PCNA). The cell nuclei were counterstained with DAPI. The proliferating cells were counted and

divided by total number of nuclei as the proliferating index. Five different embryos were analyzed. Error bar indicates standard deviation (¥**p <
0.001). ISx400
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Fig. 6 Expressions of VSMC marker genes and miRNA were down regulated or irregular in Dicer cKO embryos
(a) The expressions of marker genes including Myhl1, CNN1, SM22 and aSMA in VSMC of Dicer cKO embryos' umbilical cords at E14.5 were
obvious lower by Real time PCR. [0 : WT; B : cKO. (b) The reaction of SMA in Dicer cKO embryos' abdominal aorta at E14.5 was almost negative by
immunofluorescence staining. ISx400. (c) The expressions of miRNA genes in Dicer cKO embryos' umbilical cords at E14.5 were mainly in lower, but

miRNA17 and miRNA20a were in higher, miRNA15 and miRNA 18 were not in obvious change by Real-time PCR. [1: WT; W : cKO.
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ARSI Dicer cKO W i A1 Bl 2 105513 L
HapERE G IR RIS, T i — kA
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Fig. 7 The expression of signal transduction pathway protein
Comparing with control embryos, the expressions of ERK and AKT in
Dicer cKO embryos were similar, but phosphorylated ERK (pERK) and
phosphorylated AKT (pAKT) disappeared nearly in the umbilical artery
at E14.5 by Western blot.
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WT- --
CKO- --
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DAPI Merge

WT.-.
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Fig. 8 The expression of phosphorylated signal transduction pathway protein

The expressions of pERK and pAKT in Dicer cKO embryos were very low in abdominal aorta at E14.5 by immunofluorescence staining. ISx400
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Dicer KO JIF fifi 55 % BV G 180 K /N A7 B 5 Xl
HUA I A R AR BT . N I IRIR 26T 5
SMC LN E 11 ZEREAFT miRNA B R AT
. AT S AT P R B 1M P UL () Dicer
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Dicer and Its miRNAs are Necessary Gene and Regulatory Factors for
Differentiation and Proliferation of Vascular Smooth Muscle Cell®

PAN Yao-Qian"2"", PAN Bo?", LIU Xing-You"?, LI Rui-Zhen"?, YUE Jun-Ming®
(" College of Animal Science, Henan Institute of Science and Technology, Xinxiang 453003, China;
2 Henan Higher Education Engineering Technology Research Center, Xinxiang 453003, China;
3 Department of Physiology, University of Tennessee Hedalth Science Center, Memphis, TN 38163, USA)

Abstract To research the role of the Dicer and miRNA in vascular smooth muscle cell (VSMC), the conditional
gene targeting method, sequential biopsy pregnancy mice, histopathology, immunofluorescence, PCR, Western blot
and Real time PCR were used to examine carefully the vasculopathy, the changes of Dicer, miRNAs and proteins
of signal transduction pathway in conditional knock out the Dicer (Dicer cKO) embryos. Results indicated that
three types of mice with different genotype that was wild type mice, heterozygotic type mice and homozygotic type
mice were generated during breeding Dicer cKO mice. In them, wild type mice and heterozygotic mice were able
to born, and no evident clinical abnormal showed when they were born, but homozygotic mice was not able to born
and died in mother's abdomen. The development delay of Dicer cKO embryos was found in embryonic growth
12.5days (E12.5), the obvious vessels expansion, blood stasis and far-ranging diffuse hemorrhage in E14.5 and
death in E15.5. The lesions of Dicer cKO embryos' vessel walls appeared as early as at E13.5, mainly showed
irregular arrangement and lower proliferative cells; the pathologic changes of vessel walls thinning, collapse and
irregular lumen appeared at E14.5. All destroyed structure of vessel wall, few cell proliferation, damaged barrier
function of vessel wall, permeability enhancement and exudation of red blood cell occured at E15.5. The
expression of VSMC marker genes, most detected miRNAs and phosphorylated signal transduction pathway
proteins that were extracellular signal-regulated kinase and protein kinase showed distinct down regulation at E14.5.
This experiment proves that the Dicer is necessary gene for vessel development. The Dicer regulates the expression
of VSMC marker genes through commanding miRNA generation and maturation, so as to promote proliferation
and differentiation of VSMC and guarantee the integrity of vessel wall structure.
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