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I ABSTRACT |

Background: Interfering RNA (iRNA) represents a recent breakthrough in effective blocking of the target genes in
mammalian cells. Angiotensin-converting enzyme (ACE) has been shown to play an important role in the pathogenesis of
hypertension. The purposes of this study were to investigate the effects on blood pressure, myocardial hypertrophy and gene
expressions of iRNA targeting ACE. Methods: Twelve week old male Wistar-Kyoto rats were grouped as follows: control
group (C group), spontaneously hypertensive rat (SHR) group (H group), and ACE-iRNA group (A group) in which SHR
was treated with recombinant lentiviral vectors carrying small hairpin RNA targeting ACE. Reverse transcription-
polymerase chain reaction and western blot analysis of ACE, endothelin (ET)-1, angiotensin (AT) II receptor type 1A,
neutrophil cytosolic factor, caspase 3, Bax, and Bcl-2 were performed in the heart tissues. Serum AT, ACE, and high
sensitive-C reactive protein were estimated. Results: Systolic blood pressure was significantly decreased in the A group
compared with the H group in weeks 3 and 5. Serum AT level was significantly lower on day 1, weeks 3 and 5 after
ACE-iRNA treatment. ACE protein contents were significantly lower after ACE-iRNA treatment in week 5. ET-1 and Bcl-2
protein contents were significantly lower after ACE-iRNA treatment in weeks 3 and 5. Bax protein contents were
significantly lower after ACE-iRNA treatment in week 3. Conclusions: Recombinant lentiviral vectors carrying shRNA
targeting ACE prevented hypertension. Serum AT and gene expressions such as ACE, ET-1, Bax, and Bcl-2 were
significantly decreased after ACE-iRNA treatment. (J Korean Soc Hypertens 2012;18(3):105-116)
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o] = 4= i}l o« QElAl %31 A(angiotensin-con-
verting enzyme, ACE) SAA| 2} QFA] Q]I 1T type 1 5°
|A ARl deteA ol9lol: thE B2 olelo] H=
75 7HAAL vk A5 ACE A= S8zl 11
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CMY Enhancer ;| R U5 cPPT

loop

)= hCMV promoter

puromycin ; R U5

Lentiviral vector

TGCTGTTGACAGTGAGCCCACCTAAAGAAGGCTTATGAAATTAGTGAAGCCA
CATGTAATTTCATAAGCCTTCTTTAGGGTGCCTACTGCCTCGGA

Fig. 1. Construction of shRNA—expression lentiviral vector for targeting rat angiotensin—converting enzyme (ACE). The shRNA-
expression lentiviral vector for targeting rat ACE was constructed by inserting synthetic double strand oligonucleotides, CMV,
cytomegalovirus; cPPT, central polypurine tract; hCMV, human cytomegalovirus; GFP, green fluorescent protein; IRES, internal

ribosome entry site,
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France)?} Rompun (Bayer, Pittsburgh, PA, USA)S ©]&
&t U}%Alﬂ 5 %’\1 TS Alsto] AT e
= sl FHEE st

3} g TAE 712
=AGT, A PAAE D A4 FAAE A

upet A, shebd g S A A A% dds
YHE ¥ hematoxylin-eosin 341 8}, B A1H-9]
= =;

L.
XS B7] 23] elastine FAS A

AA ANF+= A8 sereum separation tubed] Hil

30870 A 9 3] 93 AL WA %, 3,000 pm
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A -80°CoA H#A3ISIY;. ACE ACE diagnostic kit
(Sigma Diagnostics, St. Louis, MO, USA)?} COBAS
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zyme-linked immunosorbent assay (ELISA) Ho=Z 54
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1) Microarray 241

Total RNA®] quality™= Agilent 2,100 Bioanalyzer
(Agilent Technology, Palo Alto, CA, USA)E ©]-8-3]
rRNA ratio (28s/18s)7} 1.9 ©]’, RNA integrity number
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of E2Y AAF §F Hielgl AR A(200 U/L,
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(2) Reverse transcription-polymerase chain reaction <1
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pase-3, Bax, Bcl-2 (Cell Signaling Technology, Danvers,
MA, USA), GAPDH (Santa Cruz Biotechnology, Santa
Cruz, CA, USA)9] 12} &A= 4°CollA] a5t 242 =
T2 FAIAFAY. Membrane> AR s a4 AE 2
2} & (Cell Signaling Technology)Z 1A]7F 59t 220
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system (Amersham Biosciences Biotechnology, Piscataway,
NJ, USA)& AR&ato] stepignl-gol ofsl 71x]she ek

z2 02 8H 71831 M2 88]E-2 Pierce BCA re-
agents (Pierce, Rockford, IL, USA)%} 4101 30% 5<F 37°C
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Sunnyvale, CA, USA)® 562 nmolA 4 &3 o7l %
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Fig. 2. Systolic blood pressure after angiotensin—converting
enzyme (ACE)—interfering RNA (iRNA) treatment, Systolic
blood pressure was significantly decreased in the A group
compared with the H group in weeks 3 and 5, C, control; H,
hypertension; A, ACE—RNA group. *p ¢ 0.05 significantly
different C group vs, H group. Tp { 0.05 significantly different
H group vs. A group.
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1. Angiotensin—converting enzyme-interfering RNA
XIE 2 £571¢0| tig}

FE71842 Hrol Ccrell vl 35%(131.3 £7.4 mm
Hg vs. 211.5+16.1 mmHg), 55175+ 6.2 mmHg vs.
221.2+14.2 mm Hg)A S7Fsk3aL, AtollA Hatoll Hls)
352115+ 16.1 mmHg vs. 171.3+10.8 mm Hg), 57
(221.2+ 142 mm Hg vs. 162.0 + 12.5 mm Hg)°ll 5714
o2 oA AasielthFig. 2).

2. Angiotensin-converting enzyme-interfering RNA
XE 2 2 1 20l MS SIS Hid

AT Hiroll A Caoll H]3l 355368.7+£27.0 g vs. 346.8
+3.9¢g), 557392.8+8.4 g vs. 353.3+£10.6 gyl F-ol&}
Al A8k LHe FAl= ¢l vl HaolA 35
(0.74+£0.03 g vs. 1.0£0.05g), 550.799+£0.06 g vs.
1.012+0.02 g)Aell F2JshAl S7Fskit). Aol A Hatell
Hal Ao SAA 0% Fof gk xfe] 7} Itk LH/ITW
o] Hlx= Carell Hl3l] HiollA 3550.2+0.01 vs. 0.29+
0.01), 550.2+0.01 vs. 0.28 +0.01)°ll F2l&HA Z718k
AL Hitdh A dhis o gk ztol7t fISIT Adke] A 9}
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Table 1, Total weight, left heart weight, left heart/total weight, kidney weight, kidney weight/total weight after ACE—IRNA treatmen

W () H (9 LH/TW Kd (q) Kd/TW
3 wk
C 368.7 £ 27.0 0.74 £ 0.03 0.2 +0.01 1.51 £0.09 0.041 £ 0.002
H 337.0 £ 12.3 1.0 £0.05 0.29 £ 0.01" 1.44 £ 0.09 0.042 £ 0.002
A 346.8 £3.9 0.98 £0.02 0.28 + 0.05" 1.42 £0.05 0.042 £ 0.002
5wk
C 3928 £84 0.799 £ 0.06 0.20 £ 0.01 1.57 £ 0.09 0.040 £ 0.003
H 353.3 £10.6" 1.012 £ 0.02" 0.28 £ 0.01" 1.54 £ 0.09 0.044 £+ 0.003
A 3552 £15.5 1.006 + 0.03" 0.29 £ 0.01" 1.63 £ 0.01 0.046 £ 0.003

Values are presented as mean =+ standard deviation.

TW, total weight; LH, left heart; Kd, kidney; C, control; H, hypertension; A, angiotensin—converting enzyme— interfering RNA group.

o < 0.05 significantly different C group vs. H group.

Fig. 3. Change of collagen by Masson’ s Trichrome staining after angiotensin—converting enzyme (ACE)—interfering RNA (iRNA)
treatment (X200). (A, B) Collagen penetration in the H group was significantly higher than that in the C group, (C) There was
no statistically significant difference between the H and the A group. C, control; H, hypertension; A, ACE-IRNA group.

AT v Al T bl fro] g Aol 7t IITKTable 1).

3. Angiotensin-converting enzyme-interfering RNA

XE 2 TXO 2L 22

Z2H penetration Hi-oll A ol H]&) Ads] 57}
Holou} A= BAH 02 fol8t 2lo|7} SI2ITHFig. 3).

4. Angiotensin-converting enzyme-interfering RNA
X2 2 ¥3 Angiotensin-converting enzymeX| Hlul
% ACEA:= 55l HarellA] 1923+ 1.9 U/mL, C*
A 182.0+ 1.4 U/mL=E HrollA] Catell H]3l| ezt 7t
sglont, el AT Aol Al AT HE
Alolo| = 2]k Z}o]7} IATHTable 2).
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Table 2, Serum angiotensin—converting enzyme levels after
ACE—iRNA treatment (U/mL)

ACE C group H group A group
3wk 231.7+78 194.5 + 8.1 196.0 +7.9
5 wk 1820+ 1.4 1923+1.9 190.8 +19.6

Values are presented as mean =+ standard deviation. p > 0.05.
ACE, angiotensin—converting enzyme; iRNA, interfering RNA; C,
control; H, hypertension; A, ACE-iRNA group.

5. Angiotensin-converting enzyme-interfering RNA

g 2 9y AXLQHAX] Hlul

g% e

A=

Ctoll sl HtollAd 19(0.57 +

0.34 pg/mL vs. 1.18+0.23 pg/mL), 350.59 + 0.18 pg/mL
vs. 3.66+2.2pg/mL), 5570.52+0.16 pg/mL vs. 3.1+
1.78 pg/mL)Aoll F-2l8HA Z7Fk AL, A2 Hakoll H]a



Table 3, Serum angiotensin levels after ACE—IRNA treatment
(pg/mL)

Angiotensin C H A

1 day 057+0.34 1.18+023 068+007"
3wk 059 +0.18 366+22  0.44+0.04"
5 wk 0524016 31+£178 077 +£0.077

Values are presented as mean =+ standard deviation.

ACE, angiotensin—converting enzyme; iRNA, interfering RNA; C,
control; H, hypertension; A, ACE-IRNA group.

"o < 0.05 significantly different C group vs. H group.

Tp < 0.05 significantly different H group vs. A group.

19(1.18 £ 0.23 pg/mL vs. 0.68 +0.07 pg/mL), 353.66 =
2.2 pg/mL vs. 0.44 +0.04 pg/mL), 57(3.1+1.78 pg/mL
vs. 0.77+0.07 pg/mL)Aell -F-9]&HA] 3HA8Flth(Table 3).

6. Angiotensin-converting enzyme-interfering RNA
XIZ 2 high sensitive C reactive protein Hlul

High sensitive C reactive proteini= 357, 554 E5F A

T Zroll fre] sk ZJol7) ¢IATHTable 4).

7. Western blot2A! Zit

ACES} ET-19d 552 35, 550l HatollA Ca2ol

HIEA] frolahAl S71ekolaL, Aol Hatell ]l 55
FroJetA A3k th(Fig. 4A, B). AT 11 R¥} NCFE 3F
o} 55 Haoll A frolstAl S7Fsl3laL, Aol A= Hat
2} folgt 2bo) 7} gl EKFig. 5A, B). Caspase-3%& 359}
5504 Hatoll A -el8tAl 578k, Aol Hlal 74
o EAA R frolgk Atol7t gISITHFig. 6A).
Baxi= ACE-interfering RNA (iRNA) A& & 357 -2
SHAl A3 thFig. 6B). Bel-2:= 35, 5579l HollA

Table 4, hs—CRP levels after ACE—RNA treatment (mg/L)

hs-CRP C H A
3 wk 0.59 £0.04 0.61 £0.01 0.61 £0.04
5wk 0.65 £0.03 0.63 £0.04 0.61 £0.04

Values are presented as mean + standard deviation. p > 0.05.
hs—CRP, high sensitive C reactive protein; ACE, angiotensin—
converting enzyme; iIRNA, interfering RNA; C, control; H, hypertension;
A, ACE-IRNA group.
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Fig. 4. Angiotensin—converting enzyme (ACE) and endothelin
(ET)-1 protein content were significantly higher in the H
group compared with that in the C group in weeks 3 and 5,
(A) ACE protein contents were significantly lower in the A
group compared with the H group in week 5. (B) ET—1 protein
contents were significantly lower in the A group compared
with the H group in weeks 3 and 5, C, control; H, hypertension;
A, ACE—interfering RNA group, *p { 0.05 significantly different
C group vs, H group. Tp { 0,05 significantly different H group
vs, A group,

croll gl o)Al 71kl AstellA Hetoll B3|
2 R YtkFig. 6C).
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Fig. 5. (A) Angiotensin Il receptor (AT Il R) type 1A and (B)
neutrophil cytosolic factor (NCF) 1 protein levels were
significantly higher in the H group compared with the C group
in weeks 3 and 5 (p { 0.05) and not significantly different in
the A group compared with the H group in weeks 3 and 5,
C, control: H, hypertension: A, angiotensin—converting
enzyme— interfering RNA group. *p ¢0.05 significantly
different C group vs, H group.
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Fig. 6. Caspase—3, Bax, and Bcl-2 protein contents by
westernblot analysis after angiotensin—converting enzyme
(ACE)—interfering RNA (iRNA) treatment, (A) Caspase—3
protein contents were significantly higher in the H group
compared with that in the C group in weeks 3 and 5 and
not significantly different in the A group compared with the
H group in weeks 3 and 5, (B) Bax protein contents were
significantly lower in the A group compared with the C group
in week 3. (C) Bcl—2 protein contents were significantly
higher in the H group compared with that in the C group in
weeks 3 and 5 and significantly lower in the A group
compared with the A group in weeks 3 and 5, C, control: H,
hypertension: A, ACE—RNA group. *p (0,05 significantly
different C group vs. H group, "p ¢ 0.05 significantly different
H group vs. A group.
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