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Abstract: This study aimed to investigate the diagnostic potential of circulating microRNAs (miRNAs) for
detecting early myocardial fibrosis development in HFpEF patients. This observational study used a case-
control research design. Peripheral blood samples were isolated from 25 HFpEF patients and 25 normal
patients. They were measured for NTproBNP levels using ELISA, as well as MicroRNA-1, 21, and 29 levels
using RT-PCR. All patients also underwent echocardiography for global longitudinal strain (GLS) to measure
the myocardial fibrosis progression. Data were analyzed using SPSS 25.0. HFpEF patients had significantly
higher GLS compared to the normal patients (-13+2.4% vs -19+3.2%; p < 0.05), suggesting HFpEF patients
tended to have myocardial fibrosis. HFpEF patients also had significantly higher microRNA-1 and microRNA-
21 compared to the normal patients (p < 0.05), but they had lower microRNA-1 (p < 0.05). There was a positive
correlation between microRNA-1 (r = 0.753; p < 0.05) and microRNA-21 (r = 0.675; p < 0.05) and an inverse
correlation with microRNA-29 (r = -0.653; p < 0.05) based on the GLS findings. By using a GLS cutoff of -15%
for myocardial fibrosis, microRNA-1, microRNA-21, and microRNA-29 were found to be able to predict
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myocardial fibrosis based on GLS with a specificity of 78% and sensitivity of 75%. Increasing microRNA-1 and
microRNA-21 followed by decreasing microRNA-29 in HFpEF patients suggest early myocardial fibrosis.
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1. Introduction

Heart failure is a global health problem, and an estimated 64.3 million people are living with
heart failure worldwide. More than 50% of them suffer from heart failure with preserved ejection
fraction (HFpEF) which contribute to increasing healthcare costs worldwide. However, in most cases,
HFpEEF is still underdiagnosed in clinical practices because of the variety of diagnostic capabilities
and limited clinical signs and symptoms, which often manifest late [1]. Consequently, failure to
diagnose and treat HFpEF early will further increase the total cost [2].

In heart failure, left ventricular dysfunction is caused by myocardial fibrosis [3]. Initially, mature
cardiac tissue consists of cardiomyocytes and non-cardiogenic cells, which are mainly fibroblasts.
Fibroblasts provide structural and paracrine support to nearby cardiomyocytes. During myocardial
injury, fibroblasts will be active and migrate to the site of injury to maintain the structural integrity
of the heart by inducing fibrosis. This leaves non-contractile areas in the heart, which result in
worsened ventricular function and contribute to remodeling and increased stiffness of the heart [4].

MicroRNA (miRNA) plays an important role in cardiovascular disease, including heart failure.
MicroRNA is a non-coding (non-coding) RNA that works at the post-transcriptional stage by
degrading or inhibiting target messenger RNA (mRNA) translation, which results in the modification
of gene expression [4]. MicroRNA is also detected in the circulation and is stable, meaning it has the
potential to be used as a diagnostic and prognostic biomarker in HFpEF patients [5]. Several studies
have reported that some miRNAs are involved in the development of myocardial fibrosis event [6,7].
The miRNAs with the most prominent roles in cardiac myocardial fibrosis include miR-1, miR-30,
miR-133, miR-21, and miR-29 [8,9].

Cardiac magnetic resonance (CMR) is the preferable and superior method to diagnose
myocardial fibrosis. However, its lack of disease-specific cut-off values for reference still limits its
introduction into the decision-making algorithms of everyday clinical practice. Meanwhile, left
ventricular global longitudinal strain (LV GLS) with speckle tracking echocardiography (STE) can be
an alternative for measuring myocardial fibrosis non-invasively, and it could be used as a more
sensitive method of measuring myocardial function that correlates and predicts the extent of the
condition [10]. LV GLS can also show direct visualization of the fibrotic wall, which can sometimes
be seen as hyper-refringent on ultrasounds [11].

This study aimed to investigate the diagnostic potential of circulating microRNAs (miR-1, miR-
21, and miR-29) for detecting the early development of myocardial fibrosis. It also aimed to analyze
the relationship between those microRNA levels with NTproBNP examination and global
longitudinal strain with STE in myocardial fibrosis in HFpEF patients.

2. Materials and Methods

This study was an observational study with a case-control research design. The population of
this study were cardiac patients who sought treatment at the Cardiac Polyclinic of Dr. Soetomo
Surabaya General Academic Hospital. The sample was collected from 50 consecutive sampling
patients from January-March 2023, and they were grouped into a control group and a myocardial
fibrosis group by GLS examination. Then, all the subjects had their HFpEF status determined, and
they were evaluated through risk factor, clinical manifestation, echocardiography, and laboratory
findings. Inclusion criteria were male or female patients aged 18-70 years old with normal ejection
fraction who were willing to follow the research procedures by signing informed consent forms.
Meanwhile, exclusion criteria were patients with LV regional wall motion abnormalities,
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cardiomyopathy, myocardial infarction, comorbid cancer, and renal failure, patients with mental
disabilities, and patients with poor echo windows.

2.1. Variables and Outcome

The independent variables were the concentrations of plasma miR-1, miR-21, and miR-29, which
were measured using the reverse transcription polymerase chain reaction (RT-PCR) method, and
they were expressed by CT value level. The mature miRNA sequences were 5
UAGCUUAUCAGACUGAUGUUGA 3' (assay ID 000397), 5' UAGCACCAUCUGAAAUCGGUUA
3' (assay ID 002112), and 5' UGGAAUGUAAAGAAGUAUGUAU 3' (assay ID 002222) for miR-21,
miR-29, and miR-1, respectively.

The dependent variable was myocardial fibrosis by GLS examination. GLS was performed using
speckle tracking software (GE Vivid V7) on 17 segments from three standard apical views (3-
chamber, 4-chamber, and 2-chamber). The endocardial boundary was then tracked automatically by
the software. Three cardiac cycles from each view were recorded. The graphical display of the
deformity parameters then appeared automatically. The cut-off value for fibrosis was -15%. Other
left ventricular parameters were also assessed for baseline characteristics, namely ejection fraction
(EF) using Simpson’s biplane method, left ventricular end-diastolic diameter (LVEDD), left
ventricular end-systolic diameter (LVESD), and right ventricular function parameter tricuspid
annular plane systolic excursion (TAPSE).

Baseline characteristics were taken from clinical data, including NTproBNP levels. ELISA was
used to evaluate NTproBNP levels from the serum sample. Mouse antihuman monoclonal antibody
(ABCAM) was used.

2.2. Statistical Analysis

The data obtained were analyzed using SPSS 25.0 software. After going through the coding,
entry, cleaning, and editing process, the data were analyzed and presented in descriptive statistics.
The independent samples T-test would be conducted if the sample was normally distributed. The
Mann-Whitney test would be conducted if the data distribution was not normal. In addition, the data
would also be analyzed using Pearson’s correlation test if the data were normally distributed.
Spearman's correlation test analysis would be performed if the data were not normally distributed.
ROC curve analysis was used to determine the discrimination power of miR-1, miR-21, and miR-19
toward myocardial fibrosis and to determine the best cut-off for each miRNA. Results were
declared statistically significant if p was smaller than 0.05.

3. Results

3.1. Baseline Characteristics of Study Subjects

The baseline characteristics of the study subjects included demographic data consisting of age,
gender, NT Pro-BNP, and echocardiographic parameters such as LV GLS, LVEF, 1VIDD, LVIDS,
IVSD, and IVSS. This study’s data were tested for normality with Saphiro-Wilk. If the data were
normally distributed, the parameters would be presented as mean + standard deviation. If the data
were not normally distributed, it would be presented in the form of a median (minimum value -
maximum value).

The average age of the study subjects was 56 years old, and 58% of them were female. Based on
echocardiographic assessment, our study subjects had a mean LVEF value of 63%, with a mean LV
GLS value of -14.72. The results of these baseline characteristics were presented to show the difference
between the incidence of fibrosis compared to the control group. There were no significant differences
in age, gender, or LVEF. Meanwhile, the mean NT pro-BNP level in the myocardial fibrosis group
was higher than that in the non-fibrosis group with a significant difference (1.502 vs 1.186; p = 0.001).
In addition, it was found that the incidence of HFpEF was significantly higher in the myocardial
fibrosis group. Data on overall baseline characteristics are presented in Table 1.


https://doi.org/10.20944/preprints202308.1284.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 August 2023
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Control (GLS <-15%)

Fibrosis (GLS >-15%) P-Value

N=24 N=26

Age 55,130 + 3,727 55,690 + 2,919 0.892**
Man 8 (38.1%) 13 (61.9%) 0.233*
Woman 16 (55.2%) 13 (44.8%)
LV GLS -17,87 £1,35 -11,31+1,71 0,000 ***
NT Pro BNP 1,186 + 0,088 1,502 + 0,110 0,001 **

Maksimum 2,478 2,590

Minimum 0,957 1,019
HFpEF 5 (19.2%) 26 (100%) 0,000*
LVEF 62,500 + 1,359 63,731 + 0,699 0,253**
LVIDD 3,945 + 0,266 3,553 £ 0,167 0.081**
LVIDS 2,455 + 0,297 2,127 £ 0,210 0.261**
IVSD 0,936 + 0,037 0,857 + 0,060 0.275**
IVSS 1,145 + 0,053 1,100 + 0,044 0.574**

*Chi-Square **Man-Whitney *** Independent T-Test

3.2. MicroRNA Changes in Myocardial Fibrosis

The CT values of miR-1 and mir-21 were significantly lower in the myocardial fibrosis group
compared to the control group with CT values of 37.15 + 0.27 vs 35.2 + 0.511 and 26.25 vs 25.09,
respectively (t-test, p < 0.001). This showed that miR-1 and mir-21 had significantly higher
concentrations in the myocardial fibrosis group, and they had a prominent role in the myocardial
fibrosis process. On the other hand, the CT value of miR-29 was significantly higher in the myocardial
fibrosis group (CT value 25.72 + 1.56 vs 27.94 + 1.38; t-test, p < 0.001). This showed that miR-29 had a
significantly lower concentration in myocardial fibrosis and acted as a protective factor (Figure 1).
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Figure 1. miR-29 CT value and its relation to cardiac fibrosis measured by global longitudinal strain.

3.3. MicroRNA Changes in HFpEF

The CT values of miR-1 and mir-21 were significantly lower in the HFpEF group (t-test, p <
0.001). This showed that miR-1 and mir-21 had significantly higher concentrations in HfpEF. The CT
value of miR-29 was significantly higher in the HFpEF group (t-test, p < 0.001), which was different
from the miR-1 and mir-21 results. This showed that miR-29 had a significantly lower concentration
in HFpEF (Figure 2).

8
8

Mean CT Value Mir-29

10.00

0.00

HFpEF
Error Bar: 95% CI

Figure 2. miR-29 CT value and its relation to HFpEF.

3.4. NT Pro BNP Increasing in Myocardial Fibrosis and Correlated with GLS

This study showed a significantly higher NT ProBNP in the fibrosis group (mean 1.502 vs 1.186;
t-test, p < 0.001). Spearman’s rho correlation test also showed a significant correlation between
NTproBNP and GLS at an r-value of 0.536 and a p-value of 0.000 (Figure 3a,b).
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Figure 3. (A) NT Pro BNP is IncreasedIncreasing in Myocardial Fibrosis and Correlated with GLS.
(B) Correlation between LV GLS and NT pro BNP

3.5. Correlation between MicroRNA and Global Longitudinal Strain

CT Value of Mir-1

miR-1 and mir-21's CT values were inversely and significantly correlated with myocardial
fibrosis (marked with GLS) (Spearman’s Rro r =-0.404, p = 0.004; and r =-0.300, p =0.035, respectively)
(Figure 4a,b), while mir-29 was positively correlated (Spearman’s rho r =-0.540; p <0.001) (Figure 4c).
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Figure 4. (A) Correlation between CT value of Mir-1 and NT pro BNP (B) Correlation between CT
value of Mir-21 and NT pro BNP (C) Correlation between CT value of Mir-29 and NT pro BNP.

3.6. MicroRNA Ability to Predict Myocardial Fibrosis

superior (Figure 5).

The receiver operating curve was used to assess the performance of microRNAs to predict
myocardial fibrosis. Micro RNA-1, 21, and 29 were all individually capable of predicting myocardial
fibrosis (based on GLS) (ROC area under the curve = 0.782; p < 0.001). Micro RNA-29 seemed to be
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Figure 5. Receiver Operating Curve (ROC) of mir-29 in predicting cardiac fibrosis.

3.7. MicroRNA Changes and Its Diagnostic Capabilities

The receiver operating curve was used to assess the performance of microRNAs in acute heart
failure. Micro RNA-1, 21, and 29 were all individually capable of predicting acute heart failure (based
on ejection fraction), yet micro-RNA-1 seemed to be superior (Figure 6).

ROC Curve

- | Source of the
Curve
r - mR423
—— mR21
0.8 mR1
—mR23

Reference Line

0.6+

Sensitivity

0.4

00 T T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties

Figure 6. Receiver Operating Curve (ROC) of microRNAs in predicting heart failure.

4. Discussion

4.1. Increased Circulating MicroRNA-1 and MicroRNA-21 Consistent with Myocardial Injury Model

The research conducted by Pan et al. (2012) revealed that overexpression of miR-1 worsened
myocardial ischemia/reperfusion (I/R) injury, leading to increased infarct size, apoptosis, caspase-3
expression, and elevated levels of LDH and CK in the heart. However, treatment with LNA-anti-miR-
1 attenuated I/R injury [12]. Similarly, inhibiting miR-1 was shown to protect rat H9c2
cardiomyocytes against apoptosis induced by hypoxia/reoxygenation (H/R), potentially through
targeting Bcl-2 [12,13]. Inhibition of miR-1 also demonstrated protective effects against cardiac I/R
injury in rats, possibly by promoting the MAPK3/PI3K/Akt signaling pathway [7,12-14]. Moreover,
miR-1 was found to be released from heart tissue to circulating under ischemic conditions or post-
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myocardial infarction (MI), suggesting it may serve as an adaptive mechanism to ischemia. Elevated
levels of miR-1, however, exacerbate myocardial damage caused by I/R [7].

Post-MI cardiac remodeling was characterized by the development of fibrosis in the heart tissue,
and miR-21 had been implicated in this process. In mouse’s hearts exposed to acute MI, miR-21 levels
were elevated in the infarct zone and contributed to myocardial fibrosis post-MI. Treatment with
transforming growth factor-beta 1 (TGF-{31) enhanced miR-21 expression in cardiac fibroblasts, while
overexpression of miR-21 promoted fibroblast activation induced by TGF-f1. This activation was
evidenced by increased expression of Collagen-1, alpha-smooth muscle actin (a-SMA), and F-actin.
Conversely, inhibiting miR-21 attenuated the fibrotic process. The study also identified Smad?7 as a
direct target of miR-21, suggesting that miR-21 may play a crucial role in cardiac fibrosis post-MI
through the TGF-3/Smad?7 signaling pathway [7,15].

In this study, it was observed that the CT values of miR-1 and miR-2 were significantly lower in
the myocardial fibrosis group, indicating higher levels of these microRNAs in myocardial fibrosis.
These findings support the hypothesis that miR-1 and miR-2 are associated with upregulation and
pathological processes in the myocardium.

4.2. Downregulation of Serum MicroRNA-29 in Myocardial Injury Model

Researchers have identified that at least 16 genes of miR-29 targets are involved in the
extracellular matrix (ECM), such as collagens, lamins, and integrins [16]. Studies have shown that
both mutations and specific knockdown of miR-29 promote the occurrence and progression of
myocardial fibrosis (MF) [17]. The TGF-3/Smad pathway is considered a primary mechanism in MF,
and recent research has documented miR-29 as a novel therapeutic target that interacts with this
pathway. It is suggested that miR-29 may silence c-Fos to block the downstream TGF-B/Smad
pathway, thus attenuating MF [18,19]. Modulating miR-29 levels, such as down-regulation using anti-
miRs, induces collagen expression, while over-expression of miR-29 in fibroblasts reduces collagen
expression [20].

The miR-21 plasma CT value in the myocardial fibrosis group in this study was significantly
lower than in the group without myocardial fibrosis. This showed that plasma miR-21 levels in the
myocardial fibrosis group were higher than in the group without myocardial fibrosis. The
microRNA-21 is a miRNA that may have a special role in the regulation of the pathological process
of myocardial fibrosis.

4.3. Changes in Micro RNA-1, 21, and 29 Expression Altering Protein Expression Involved in Myocardial
Fibrosis

MicroRNAs, including miR-1, miR-21, and miR-29, target certain genes (such as AZIN1 and
JNK1) that contribute to the fibrotic properties observed in MF. JNK1 is targeted by miR-21 and miR-
29 and is considered a potential regulator of cardiac fibrosis. AZIN1 and JNK1 are targeted by
miRNAs in cardiac fibroblasts, influencing fibroblast proliferation and myofibroblast differentiation.
Reduced expression of AZIN1 activates TGF(/Smad3 signaling in cardiac fibroblasts, while
decreased JNK levels increase the phosphorylation of ERK, P38 kinase, and Smad3, thereby
promoting fibroblast proliferation and differentiation into myofibroblasts [21].

The regulation of MF by miR-29 involves a complex interconnected network of pathways,
including TGF-/Smad, MAPK, Wnt, Notch, SH2B3, AMPK, and DNA methylation. The TGEF-f3-
dependent pathway serves as the core of this network, triggering both the Smad-dependent and
MAPK pathways. The crosstalk between these two pathways depends on the inhibition of Smad4 by
ERK. Furthermore, Smad3 reduces miR-29 expression by binding to its promoter, while miR-29
directly targets TGF-f3 and c-Fos to inactivate the TGF-f3/Smad pathway. Additionally, miR-29 may
attenuate MF by blocking the ERK/MAPK and p38/INK/MAPK pathways although the exact
mechanism remains unclear. One possible explanation is that miR-29 inhibits the MAPK pathway by
silencing TGF-f3 and DNMT, where DNMT upregulates ERK1/2 signaling and is regulated by TGF-f3
(19]

do0i:10.20944/preprints202308.1284.v1
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4.4. Superior Diagnostic Capability of MicroRNA-1 in Acute Heart Failure

Acute heart failure (AHF), a life-threatening and burden some cardiovascular disease (CVD),
requires a timely and accurate diagnosis. It should be distinguished from chronic heart failure (CHF).
The current obstacle is the difficulty of making a definite diagnosis based on anamnesis, physical
examination, and echocardiogram. Current biomarkers such as B-type natriuretic peptide (BNP) and
N-terminal pro-BNP (NT-proBNP) have their limitations as reliable indicators. Other conditions and
comorbidities such as older age, renal disease, atrial fibrillation, and thromboembolic events
influence the level of serum biomarkers BNP/NT-proBNP, which may obscure the diagnosis. This
condition signifies the importance of a novel biomarker. This study showed that miR-1 had 83.3%
sensitivity and 70.8% specificity for the detection of myocardial fibrosis based on GLS findings. They
also had a sensitivity of 81% and specificity of 74.1% for the detection of HFpEF. Sadat-Ebrahimi et
al. documented that miR-1 had a 77% sensitivity and 97.7% specificity for the detection of acute heart
failure, which is the highest of all miR (miR-1, miR-21, miR-23, and miR-423-5p) for a value above
1.22. As they play a pathophysiological role in cardiac hypertrophy, fibrosis, and apoptosis before
overt clinical signs, miRNAs may predict the development of HF at an earlier stage. In this manner,
a screening test may be the primary application of miR in the diagnosis of HF. MiR-1 is considered a
muscle-specific miR reported to be closely associated with CVD [7,22]

4.5. Limitation: GLS for Fibrosis

The gold standard of fibrosis is CMR, and the use of GLS can be justified with the limitations of
the tool. GLS is also operator- and image-dependent; therefore, it is necessary to consider re-
evaluation in the future [10]. However, research also compared the usage of GLS and LV fibrosis
microscopically and showed a strong correlation. CMR comparison also showed that GLS>15 was
related to myocardial fibrosis [23].

5. Conclusions

Increasing microRNA-1 and microRNA-21 followed by decreasing microRNA-29 in HFpEF
patients suggest early myocardial fibrosis. Detection of those biomarkers can be beneficial for early
myocardial fibrosis diagnosis, early aggressive HFpEF treatment, and targeted miRNA silencing
therapy to prevent worsening HFpEF.
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