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Introduction: Doxorubicin (DOXO) is a highly effective antineoplastic drug, but clinical application is hampered by cardiotoxicity, 
its most harmful and worrying side effect. Therefore, a search for therapeutic intervention that can prevent the consequent 
development of heart failure is needed. Cardiac remodeling is considered the determinant of the clinical progression of heart 
failure, resulting in molecular, cellular and interstitial changes. Therapeutic modulation of microRNAs (miRNAs), a class of small 
non-coding regulatory RNAs, is emerging as a cardioprotective approach in several cardiovascular pathologies. MicroRNA-
34a (miR-34a) increased in animals and patients exposed to anthracyclines and is involved in cardiac repair. Notably, in our 
previous study, we demonstrated that an antimiR complementary to miR-34a (Ant34a) was able to revert in vitro cardiotoxic 
effects of DOXO. The aim of the present work is to evaluate in vivo the effects of miR-34a silencing on pathways that underlie 
DOXO-induced cardiac fibrosis. 

Materials and methods: Fisher 344rats were divided in four groups: Control (CTL; n=5); DOXO (n=8); DOXO+Ant34a 
(n=10); DOXO+AntCTL (n=10). In all DOXO groups, cardiomyopathy was induced by 6intraperitoneal injections of 2.5mg/
kg of DOXO over a period of 2weeks to reach a cumulative dose of 15mg/kg. 1day before DOXO treatment, and at day 
7and 14of DOXO schedule, DOXO+Ant34a and DOXO+AntCTL rats were treated with a subcutaneous injection of 8mg/kg 
Ant34a and AntCTL oligonucleotides respectively. CTL rats were injected with saline solution. At 6weeks after the first injection 
of DOXO, animals were sacrificed and hearts were collected. Cardiac expressions of miR-34a and Sirtuin 1(SIRT1) mRNA were 
evaluated by real time PCR (RT-PCR). Protein expression was determined by Western Blotting (WB). The gelatinolytic activity 
of matrix metalloproteinase 2(MMP2) was detected by zymography. Significance was determined by one-way ANOVA with 
Bonferroni post-test. All P values are two-sided and P<0.05was considered to be significant.

Results: MiR-34a levels raised up by 3.26±0.38fold in hearts of DOXO-treated animals, but Ant34a administration completely 
silenced miR-34a cardiac expression in DOXO+Ant34a group. The expression of SIRT1, a cardioprotective protein among 
miR-34a target, was evaluated. Although DOXO induces a significant decrease in cardiac SIRT1mRNA and protein levels 
in DOXO and DOXO+AntCTL groups, Ant34a administration significantly increased SIRT1myocardial expression. Since 
the complex acetyl-SMAD2/SMAD3, which activate the transcription of pro-fibrotic genes, represent a target of deacetylase 
SIRT1, its acetylation was evaluated. Results showed a significant reduction of acetyl-SMAD2/SMAD3consequent to Ant34a 
administration in DOXO rats, indicating the involvement of SIRT1activation, mediated by miR-34a inhibition, in the observed 
pathway. Moreover, DOXO and DOXO+AntCTL animals exhibited significant increases in pro-fibrotic markers transforming 
growth factor-β (TGF-β) and its downstream target SMAD3. Ant34a treatment significantly reduced the levels of TGF-β and 
diminished phospho-SMAD3Ser423/425/SMAD3ratio. In addition, the cardiac expression and activity of MMP2, were increased 
after DOXO treatment. Interestingly, Ant34a was able to revert these changes. Finally, RT-PCR analysis confirmed the 
beneficial effect of miR-34a inhibition on DOXO-activation of fibrosis process. In fact, the results showed that in DOXO 
and DOXO+AntCTL groups, myocardial collagen type 1mRNA expression were increased, whereas Ant34a administration 
determined a significant reduction. 

Discussion and conclusions: Our findings show that miR-34a plays a critical role in the progression of cardiac tissue fibrosis by 
directly targeting SIRT1, which suggests that miR-34a may be new marker for myocardial fibrosis progression and its inhibition 
may be a promising strategy in the treatment of DOXO-induced cardiac fibrosis.


