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Effect of Small Hairpin RNA Molecules Targeting Endothelin 

Converting Enzyme 1 in Monocrotaline-Induced Pulmonary 

Hypertensive Rats 

● Pulmonary arterial hypertension is a devastating disease characterized by 

increased afterload, right ventricular (RV) hypertrophy, right heart failure and death.  

● Current therapeutic options remain unsatisfactory as a result of high cost, limited 

effectiveness, or serious side effects. In this study, RNA interference was used as one 

of the treatment strategies.  

● The purpose of this study was to investigate the therapeutic effects of small 

hairpin RNA (shRNA) targeting endothelin-converting enzyme-1 (ECE-1) in 

monocrotaline (MCT)-induced pulmonary hypertensive rats.  

●  94 male Sprague-Dawley rats     

- C group  (Control group,  N=24) :  normal saline  injection 

- M group (MCT group, N=35)  

•Vector control (scramble shRNA)                        1.3X107/mL 

- L group (leni-shRNA group, N=35)  

•Injection of ECE-shRNA through rat tail vein     2.0 X 107/mL 

●   On days 4, 7, 14, 28   sacrify 

- shRNA construction 

- Right ventricular pressure  

- Organ weight  

- Histopathological changes 

- Serum ET-1 level 

- RT-PCR, westernblot analysis  and immunohistochemical study  

   in rat lung tissue in order to reveal the effectiveness of gene silencing.  

                  Endothelin converting enzyme (ECE) 

                  Endothelin (ET)-1   

                  Endothelin receptor A ( ERA) 

METHODS 

● Recombinant lentiviral vectors carrying shRNA targeting ECE-1 prevented mean 

RVP and RV hypertrophy, reduced the pulmonary vascular remodeling and improved 

4-week survival rate.  

● These findings suggest the possibility that this treatment modality could be 

effective against hemodynamic and histopathological changes in pulmonary 

hypertension.  

Vector Construction 

5’-CGGAATTCCGGGACGCCATCTACAACATGATAGGCTttcaagaga 

AGCCTATCATGTTGTAGATGGCGTCTTTTTGATATCTAGACA-3’ 

The shRNA-expression lentiviral vector for targeting rat Ece1 was constructed  

by inserting synthetic double strand oligonucleotides 

 scrambled shRNA (5’-AATCGCATAGCGTATGCCGTT-3’) 

 Lentiviral vector 

  Control vector   

Mean Right Ventricular Pressure 

Day 
Control group  

(n=24) 

M group  

(n=25) 

L group  

(n=24) 

4  8.0 ±2.0 19.5 ±5.6 * 11.7±3.9† 

7  11.8±0.8 20.6±1.1*  14.3 ± 2.1† 

14  12.0± 2.3 23.5± 6.4* 15.7 ± 4.8† 

28  11.0± 3.0 45.0± 9.1* 14.5 ± 1.0† 

                 C: control group, M: monocrotaline group, L: lenti-shRNA group 

   *P<0.05 compared with the control group    † P<0.05 compared with the  M group 
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Fig. 1 Medial layer of pulmonary muscular arteries is progressively thickened 

after monocrotaline injection with/without shRNA. The group coinjected with 

L group shows slightly decreased medial thickening at 2 and 4 weeks 

compared to M group. 

C: control group, M: monocrotaline group, L: lenti-shRNA group  

Changes in % Wall Thickness of 

Peripheral Pulmonary Arteries  

Days 
C  group 

(N=24) 
M  group  
(N=25) 

L  group  
(N=24) 

4 11.7 ±2.7 12.5 ± 3.9    15.1 ± 4.8 

7 13.5±2.8 16.2± 5.5    18.5 ± 5.1 

14 12.3±2.7 29.3±8.9*    26.3 ±6.9† 

28 15.6±0.5 39.0±4.3* 28.5 ±6.8† 

                 C: control group, M: monocrotaline group, L: lenti-shRNA group 

     *P<0.05 compared with the control group    † P<0.05 compared with the  M group 

Number of Muscular Intra-Acinar Arteries 

Days 
C  group 
(N=24) 

M  group 
(N=25) 

L  group 
(N=24) 

4 0.8 ± 0.2 1.4 ± 0.2* 1.2± 0.6 

7 1.1 ± 0.1 2.0 ± 0.7* 2.3 ± 0.3 

14 1.3 ± 0.2 3.2 ± 0.5*  2.5 ± 0.3† 

28 1.8 ± 0.2 3.6 ± 0.5* 3.4±0.2 

                   C: control group, M: monocrotaline group, L: lenti-shRNA group 

      *P<0.05 compared with the control group   † P<0.05 compared with the  M group 

Gene expressions of endothelin converting 

enzyme  by RT- PCR analysis 

               C            M            L          C            M            L 2W 4W 

 C: control group, M: monocrotaline group, L: lenti-shRNA group, ECE:endothelin converting enzyme 

                                            *P<0.05 compared with the control group 

Gene expressions of endothelin-1 by  RT-PCR analysis 

2W 4W                C           M           L          C           M           L 

                  C: control group, M: monocrotaline group, L: lenti-shRNA group 

*P<0.05 compared with the control group          † P<0.05 compared with the  M group 

Gene expressions of endothelin receptor A 

 by  RT-PCR analysis 

2W 4W                C            M            L          C           M           L  

 C: control group, M: monocrotaline group, L: lenti-shRNA group, ERA: endothelin  receptor A 

*P<0.05 compared with the control group          † P<0.05 compared with the  M group 

  SUMMARY 

●  Four-week survival rate in the L group was significantly increased compared to 

the M group.  

● The M and L group also showed an increase in RV/(LV+septum) ratio and  

lung/body weight compared to the control group. 

●  Quantitative analysis revealed that medial wall thickness was increased after MCT 

injection and significantly decreased in the L group on days 14 and 28 compared to  

the M group.  

The number of intra-acinar muscular arteries was decreased in L group on day 14  

compared to the M group.  

● The mRNA expression and the protein levels of ECE-1, ET-1 and ERA of the lung 

were significantly increased in the M group compared to the C group on days 14 and 

28. The mRNA expression of ET-1 and ERA was significantly decreased in the L 

group on day 28 compared to the M group. The protein levels of ERA was decreased 

in the L group on day 14 compared to the M group.  
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