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ABSTRACT

Background: The biomarker for left ventricular hypertrophy (LVH) in patients with essential hypertension (EH) remains an
unmet clinical need. The microRNA-30 (miR-30) family has been associated with LVH in cellular and animal studies, but not
in a clinical setting. Objective: The objective of the study was to investigate the clinical significance of circulating levels of
miR-30 family as a biomarker for LVH in EH patients. Methods: A total of 239 EH patients and 239 healthy controls were
enrolled in this study. Circulating levels of miR-30 family members, namely, miR-30a, miR-30b, miR-30c-1, miR-30c-2, miR-
30d, and miR-30e, were evaluated using real-time polymerase chain reaction assays. Results: The circulating miR-30a, miR-30b,
and miR-30e were significantly reduced in EH patients in contrast to controls. EH patients with LVH (EH-LVH) had substan-
tially lower circulating miR-30b and miR-30e levels compared to EH patients without LVH (EH-nLVH). Moreover, the expression
levels of miR-30b and miR-30e were positively related to LVMI, respectively. Receiver operating curve analysis showed that
circulating miR-30e levels distinguished EH patients from controls, and EH-LVH from EH-nLVH patients. Logistic regression
analysis identified the circulating miR-30e as a risk factor for LVH in EH patients. Conclusion: Circulating miR-30e level can be
used as a biomarker in distinguishing EH-LVH from EH-nLVH. A further prospective study is warranted to validate this finding.
(REV INVEST CLIN. 2021;73(3):XX-XX)
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INTRODUCTION

Left ventricular hypertrophy (LVH) is a major com-
plication of essential hypertension (EH)!. Approxi-
mately one-third of EH patients develop LVH?3. The
presence of LVH has been identified as a strong in-
dependent risk factor for cardiac events and
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all-cause mortality in the long-term#>. Thus, early
detection of LVH is critical for the long-term outcome
of EH patients. Although traditional methods, such as
electrocardiography, echocardiography, computed to-
mography, and magnetic resonance imaging, have
been widely used to detect LVH, their effectiveness
can be hindered by low sensitivity and specificity,
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lengthy diagnostic time, and technical complexity.
Therefore, novel methods for LVH detection with ad-
equate accuracy, easy access, and low cost remain an
unmet clinical need.

MicroRNAs (miRNAs) are small (~22 nucleotides in
length), endogenous, non-coding RNAs that degrade
the target messenger RNA or by direct translational
inhibition, thus blocking the expression of specific
genes®. The fundamental roles (miRAN) play in diverse
biological and pathologic processes, including cell de-
velopment, differentiation, proliferation, and apopto-
sis, have been widely studied’. Of note, miRNAs are
expressed not only in tissues but are also detectable
in peripheral blood circulation. The miRNAs levels in
circulating blood are not only stable but also they are
easy to obtain, making them excellent surveillance
approaches for physiological and/or pathological con-
ditions. To date, circulating miRNAs have been used as
easily accessible biomarkers to monitor diseases such
as cancer radio-sensitivity and metastasis’°.

The previous studies have shown that miRNAs play
pivotal roles in the development of cardiac hypertro-
phy and subsequent cardiac dysfunctiont®-13. Of these
miRNAs, the miR-30 family, which is encoded by six
genes located on human chromosomes 1, 6, and 8, is
abundantly expressed in cardiomyocytes#15. The
miR-30 family contains six members, namely, miR-
30a, miR-30b, miR-30c-1, miR-30c-2, miR-30d, and
miR-30e. These miRNAs share a common seed se-
quence near the 5° end. However, they possess dif-
ferent compensatory sequences near the 3" end, al-
lowing them to target diverse genes and pathways
and perform the corresponding biological functions?®.

It has been reported that the miR-30 family is critical
in regulating the expression levels of genes respon-
sible for autophagy, apoptosis, oxidative stress, in-
flammation, and fibrosis, which are the pathological
basis of LVH development!’-1° Indeed, the role of
miR-30 family in cardiomyocyte hypertrophy has
been reported in cultured cells and animal stud-
ies17.2021; however, the significance of mir-30 family
members in a clinical setting has not been evaluated
so far. In this study, we measured the circulating lev-
els of the above miR-30 family members in EH pa-
tients. We sought to explore their clinical significance
in distinguishing EH patients with LVH (EH-LVH) from
those without (EH-nLVH).
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METHODS

Study population

In this matched case—control study, we recruited
239 EH patients, 90 with LVH (EH-LVH) and 149 with-
out (EH-nLVH), and 239 healthy subjects with normal
blood pressure (Controls). Hypertension was diag-
nosed according to the World Health Organization
criteria when presenting a systolic blood pressure
(SBP) of 140 mmHg or above, or diastolic blood
pressure (DBP) of 90 mmHg or above. All enrolled
subjects had no other concomitant diseases, includ-
ing another form of hypertension in addition to es-
sential hypertension, body mass index (BMI) greater
than 35 kg/m?, cancer, heart valve disease, acute
coronary artery disease or acute myocardial infarc-
tion, Chagas disease, bundle branch block, and ven-
tricular pre-excitation syndromes.

Ethics

All procedures followed were in accordance with the
Helsinki Declaration of 1975, as revised in 1983. The
institutional Ethics and Clinical Research Committee
of the Hangzhou First People’s Hospital approved the
study (ZDHZ-01A), and all subjects in this study gave
written informed consent at enrollment.

Data collection

Clinical data regarding blood pressure values, diabetes
mellitus (DM), and smoking history were collected on
admission. BMI was calculated according to each par-
ticipant’s weight and height. Biochemical variables,
including serum creatinine, total cholesterol (TC), total
triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-
), were retrieved from the patient’s medical chart.

Echocardiographic measurements

Echocardiographic examinations were performed us-
ing a 2.5 - MHz probe with a Vivid 7 Pro (GE Vingmed,
Horten, Norway) echocardiography device. Echocar-
diographic imaging was performed according to the
recommendations of the American Society of Echo-
cardiography. 12 LVM was calculated according to the
Devereux formula. 13 LVM (gr) = 0.8 x {1.04 x
[(pWTd + IVSd + LVEDD) 3 — (LVEDD)3} + 0.6, where
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d is end - diastole, PWTd is the posterior wall thick-
ness, IVSd is interventricular septal thickness, and
LVEDD is LV end - diastolic dimension. Subsequently,
relative wall thickness was calculated as the ratio:
2x(LV posterior wall thickness/LV end - diastolic di-
ameter). LV hypertrophy was defined as increased
LVM index (LVM/body surface area) 2115 g/m? for
men and 295 g/m? for women, as proposed by the
European Society of Hypertension?2,

RNA isolation and reverse transcription
and real-time polymerase chain reaction
(rt-PCR)

About 5 mL venous blood samples were collected in
heparin treated tubes from early morning fasting ve-
nous blood of all participants. Total RNA was extracted
using the RNAprep Pure Hi-Blood Kit (Qiagen Inc). Re-
verse transcription was conducted using a PrimeScript
RT reagent kit (Takara Bio, Japan). Expressions of miR-
30 family members were performed by quantitative rt-
gPCR with the SYBR Premix Ex Taq Il (Takara, Dalian,
China). The rt-gPCR reaction contained 10 uL SYBR
Premix, 0.8 pL forward primer, 0.8 plL reverse primer, 2
pL cDNA, and 6.4 uL nuclease-free water. All samples
were performed in triplicate. Glyceraldehyde 3-phos-
phate dehydrogenase was applied for the internal nor-
malization of RNA. The PCR reaction was performed at
95°C for 3 min, followed by 40 cycles of 95°C for 10 s
and 60°C for 30 s. The comparative cycle threshold (Ct)
method (ACt) was used to calculate the relative expres-
sion levels of miRs. The mean Ct values and deviations
between the duplicates were calculated for all samples.
Primers for the miR-30 were as follows: miR-30a, For-
ward CTAGCCTGCAGGATAAACTTACTCATGTTCTA3’,
Reverse ATCCGGCCGGCCTACTCTGAGATTTGATAAAT;
miR-30b, Forward TAGCCTGCAGGTAGGTGGG-
AAAAGCTATAGA, Reverse ATCCGGCCGGCCGCT-
GACAAAGAAGTGGAGAC; miR-30c-1  Forward
5'-CTAGCCTGCAGGGACAGTTTGTCATGCAAGTA,
reverse ATCCGGCCGGCCGCGATGGAAGATGCTACCCA;
miR-30d, 5'-GATGATGACTGG CAACAT-3’, and re-
verse: 5'-GAA TAG CCG GTA GCA GCA-3"; miR-30e
Forward CTAGCCTGCAGGGGTTTAGTGTAATAT-
GCCTC, Reverse ATCCGGCCGCCGCTCTTTAGTCAT-
VATTTCA, B-actin, Forward AGAGCTACGAGCTGCCT-
GAC and reverse GGATGCCACAGGACTCCA16.23, For
validation purposes, 20 samples were sent for se-
quencing and all PCR products were checked with
the electrophoresis analyses.
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Statistical analysis

The mean #* standard deviation or median is pre-
sented as continuous variables with quartile ranges,
and comparisons were conducted using a one-way
ANOVA or the Mann—-Whitney U-test. Categorical
variables were described as numbers and percent-
ages. The clinical parameters associated with EH
risks were assessed by multivariable linear regression
analysis. The relationships between the expressions
of miR-30 family members and the LVMI were calcu-
lated using Pearson’s correlation test. Then, the area
under the receiver operating curve (ROC) was cre-
ated to evaluate the potential value of miR-30. The
area under the curve (AUC), sensitivity, and specific-
ity were determined. Moreover, the logistic regres-
sion with backward elimination was performed to
determine the independent predictors of the pres-
ence of LVH. The crude odds ratio was adjusted after
introducing factors including age, gender, smoking
status, SBP, DBP, and DM, together with TC, TG, HDL-
C, LDL-C, as well as all the circulating levels of the
miR-30 family members. All statistical analyses were
performed with SPSS software 22.0 (IBM, Chicago, IL,
USA) and GraphPad Prism 5.0 (GraphPad Software,
La Jolla, CA, USA), and p < 0.05 was considered sta-
tistically significant.

RESULTS

Clinical features of patients
and controls

The baseline characteristics of all EH patients and
healthy controls are detailed in Table 1. EH patients
had significantly higher SBP, DBP as well as high-
sensitivity C-reactive protein (hs-CRP) levels and a
higher prevalence of DM. No differences in gender,
age, smoking status, as well as BMI, TC, TG, LDL-C,
and HDL-C levels were found between the EH and
control groups. The LV mass index (LVMI) was dra-
matically higher in EH patients than controls (p <
0.001). As for circulating miR-30 levels, we found
that circulating miR-30a, miR-30b, miR-30d, and
miR-30e were significantly reduced in EH patients
in contrast to controls (all p < 0.01). The miR-
30c-1 and miR-30c-2 levels were similar in the two
groups.
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Table 1. Baseline characteristics of control and EH subjects

Characteristic

Control (239) EH (239) p-value
Age 63.6 £ 5.5 64.2 £ 6.1 NS
Male 168 (70.3%) 172 (72.0%) NS
BMI 23.60 £ 6.10 2410 7.5 NS
SBP 122.32 +10.4 151.64 +13.4 <0.001
DBP 66.24 £ 7.52 84.37 £ 8.52 0.016
Smokers 80 (33.50%) 85 (35.50%) NS
TC (mmol/L) 3.65 +1.23 3.72+1.12 NS
LDL-C(mmol/L) 197 +0.61 195+ 0.96 NS
HDL-C (mmol/L) 0.98 + 0.35 0.97 + 0.52 NS
TG (mmol/L) 1.48 £ 0.57 1.52 £ 0.66 NS
Diabetes 56 (23.43%) 88 (36.82%) 0.024
Creatinine 70.48 £ 16.76 76.66 £ 18.67 NS
Hs-CRP (mg/L) 0.78 + 0.25 1.54 + 0.68 0.035
MMP-9 (ng/mL) 338.9 £78.6 576.07 + 67.8 0.013
LVMI 88.5 £ 13.7 112.6 £ 225 <0.001
MIR-30a 9.85 + 2.05 5.52 £+1.82 <0.001
miR -30b 8.65 + 1.54 3.02 + 1.42 <0.001
miR -30c-1 4.65 +1.21 4.02 £ 1.59 NS
miR -30c-2 6.15 + 1.99 5.82+1.18 NS
miR -30d 10.15 + 3.21 7.02+2.36 0.038
miR -30e 16.65 + 1.59 8.12 £1.16 <0.001

BMI: body mass index; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol;
TG: triglycerides; Hs-CRP: high-sensitivity C-reactive protein; EH: essential hypertension; miR: microRNA; SBP: systolic blood pressure;

DBP: diastolic blood pressure.

We subdivided the EH patients based on the presence
(EH-LVH, n = 90) or absence (EH-nLVH, n = 149) of
LVH. As shown in Table 2, EH-LVH patients had sub-
stantially lower circulating miR-30b, miR-30d, and
miR-30e levels compared to EH-nLVH patients (p =
0.017, 0.011, and <0.001, respectively). The other
forms of miR-30 and baseline characteristics were
similar between EH patients with and without LVH.

We used Pearson’s correlation test to evaluate the
relationship between circulating miR-30 levels and
baseline characteristics, such as age, SBP, DBP, hs-
CRP, TC, TG, HDL, LDL, and LVMI, of EH patients. We
found that the expression level of miR-30b and miR-
30e was negatively correlated to LVMI (r = =0.79, p
< 0.001;r=-0.93, p < 0.001), hs-CRP (r = -0.74, p
< 0.001;r = -0.88, p < 0.001), and matrix metallo-
peptidase (MMP)-9 (r = -0.69, p = 0.022;r = -0.73,
p = 0.017), respectively.
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The above data suggested that some miR-30 family
members, especially the miR-30b and miR-30e, may
serve as diagnostic markers for LVH in EH patients. We
performed the ROC curve analysis to confirm this hy-
pothesis. As shown in figure 1 (left), for miR-30e at a
cutoff value of 3.74, the AUC was 0.929 (95% Cl,
0.785-0.976; p < 0.001) with 88% sensitivity and 74%
specificity to distinguish EH-LVH from EH-nLVH pa-
tients. Besides, as shown in figure 1 (right), the circulat-
ing miR-30e level is sufficient to differentiate EH from
controls at a cutoff value of 3.68 (AUC was 0.843,
95% Cl, 0.804-0.896, p < 0.001, with 79.1% sensitiv-
ity and 70.3% specificity). On the other hand, the miR-
30b failed to distinguish EH patients from controls and
EH-LVH from EH-nLVH individuals (data not shown).

We then identified the risk factors for LVH using lo-
gistic regression analyses. In univariate analysis, the
presence of DM, SBP >160 mmHg, and circulating
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Table 2. Baseline characteristics of EH subjects with (EH-LVH) and without (EH-nLVH) left ventricular hypertrophy

Characteristic

EH-nLVH (149) EH-LVH (90) p-value
Age 63.7 7.6 654 53 NS
Male 108 (72.48%) 64 (71.11%) NS
BMI 23.70 £ 5.18 25.03 £ 8.5 NS
SBP 152.54 + 9.88 158.31 + 15.58 NS
DBP 84.54 £ 6.67 86.89 £ 9.12 NS
Smoking 54 (36.24%) 31 (24.44%) NS
TC (mmol/L) 3.68 + 1.05 3.96 + 1.56 NS
LDL (mmol/L) 1.93+£0.78 2.02 £1.02 NS
HDL (mmol/L) 0.94 + 0.65 1.03 £ 0.98 NS
TG (mmol/L) 1.48 £ 0.96 1.63 £0.38 NS
Diabetes 57 (38.26%) 31(34.44%) NS
Creatinine 7441 £ 19.11 78.66 =18 NS
Hs-CRP (mg/L) 1.45 +0.63 1.97 £0.82 0.024
MMP-9 (ng/mL) 649.5 £ 98.8 527.07 £+ 47.8 0.018
LVMI 136.6 + 14.8 87.6 1 <0.001
miR-30a 5.78 £1.28 534 +1.18 NS
miR-30b 3.57 £1.57 2.44 £ 1.06 0.017
miR-30c-1 4,15+ 1.27 3.92+1.79 NS
miR-30c-2 573 +1.49 6.02 +1.48 NS
miR-30d 8.28 £ 3.67 524 +2.28 0.011
miR-30e 10.87 £ 1.95 5.08 £ 2.04 <0.001

BMI: body mass index; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol;
TG: triglycerides; Hs-CRP: high-sensitivity C-reactive protein; MMP-9: matrix metallopeptidase 9; LVH: left ventricular hypertrophy;
EH: essential hypertension; miR: microRNA; SBP: systolic blood pressure; DBP: diastolic blood pressure.

miR-30e <3.74 was each significantly associated with
greater odds of having LVH (Table 3). In the multi-
variate analysis, SBP >160 mmHg or circulating miR-
30e <3.74 was identified as independent risk factors
for LVH in the study cohorts (Table 3).

DISCUSSION

In this study, we evaluated the clinical significance of
circulating levels of miR-30 family members as clinical
markers for LVH in EH patients. We found that most
of miR-30 family members (except miR-30c1 and c2)
were lower in EH patients with LVH compared to those
without LVH. Further analyses revealed that miR-30e
could efficiently discriminate EH-LVH from EH-nLVH
patients. This finding confirms the role of miR-30e in
a clinical setting and provides a novel biomarker for
LVH in EH patients.
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The miR-30 family members are encoded by six genes
located on human chromosomes 1, 6, and 81913, The
miR-30 family has different compensatory sequences
near the 3’ end, allowing each member to target dif-
ferent genes and pathways, thus performing corre-
sponding biological functions!3. For example, miR-
NAs-30a-5p inhibits modulating GRP78 expression
and suppresses the growth of renal cell carcinoma?*.
Mir-30d suppresses colon cancer cell growth by inhib-
iting cell genes regulating autophagy?>. miRNA 30e
regulates smooth muscle cells response to oxidative
stress through Snail in an atherosclerosis animal
model?S.

To the best of our knowledge, this study is the first
to report the clinical significance of miR-30e as a
biomarker for LVH in EH patients. The role of miR-30e
in cardiovascular diseases has been reported previ-
ously. For example, miR-30e in the myocardium is
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Figure 1. Graphs show ROC analyses of circulating microRNA-30e levels. A: In the analysis for distinguishing essential hyper-
tension-left ventricular hypertrophy (EH-LVH) from EH-NLVH patients, the AUC was 0.929 (95% Cl, 0.785-0.976; p < 0.001)
with 88% sensitivity and 74% specificity (cutoff value, 3.74). B: In distinguishing EH patients from healthy controls, the AUC
was 0.843 (95% Cl, 0.804-0.896, p < 0.001), with 79.1% sensitivity and 70.3% specificity (cutoff value, 3.68). p < 0.05 was
considered statistically significant. ROC: receiver operating curve, AUC: area under the curve.

ROC curve ROC curve
1 1
2
g -
AUC=0.929,P<0.001 AUC=0.843,P<0.001
0 1 0 1
1-Speficity 1-Speficity
Table 3. Risk factors for LVH identified by logistic regression analyses
Variables Hazard Univariate Analysis Hazard Multivariate Analysis
ratio ratio
95% Cl p-value 95% CI p-value
DM
No 1 1
Yes 1.36 1.08-2.54 0.036 1.18 0.95-2.47 0.056
SBP >160 mmHg
No 1 1
Yes 1.88 1.23-4.02 0.008 1.94 1.28-4.17 0.006
miR-30e
>3.74 1 1
<3.74 2.25 1.47-6.45 0.004 2.03 1.66-6.02 0.003

LVH: left ventricular hypertrophy; miR: microRNA; SBP: systolic blood pressure; DM: diabetes mellitus.

inhibited after the occurrence of coronary microem-
bolization, together with decreased cardiac func-
tion?’. miR-30e alleviates apoptosis induced by hy-
poxia in human stem cell-derived cardiomyocytes?é.
Of note, the effect of miR-30e on cardiomyocyte
hypertrophy was reported in a series of cellular and
animal studies. MiR-30e can repress the Angiotensin
ll-induced hypertrophic phenotypes in cardiomyo-
cytes by targeting ADAM92°. Yin et al. found that
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myocardial expression of miR-30a was decreased in
mouse models of hypertrophy, and in H9c2 cells
treated with phenylephrine by activating autophagy?!.
It is reported that this miR can reduce isoproterenol-
induced cardiac dysfunction and fibrosis in a rat car-
diac remodeling model3°. The authors of this study
observed a significant reduction of miR-30e in the
cardiac samples of isoproterenol-treated rats alone
with cardiac fibrosis. In contrast, the in vivo
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administration of miR-30e antagomir increased the
survival of ISO-treated rats.

Other miR30 members, such as miR-30a, have also
been reported to alleviate cardiac fibrosis in rats that
underwent myocardial infarction3!. The overexpres-
sion of miR-30c reduces cardiac fibrosis, and inhibi-
tion of miR-30 leads to collagen synthesis in heart
tissue!®. However, our study did not prove its clinical
value in patients.

Mechanistically, the miR-30 family can inhibit autoph-
agy and apoptosis, decrease inflammation, etc,,
thereby reducing collagen deposition and myocardial
fibrosis, and preventing cardiac hypertrophy!®. We
thus detected the correlation between miR-30 family
members and the circulating markers for inflamma-
tion (hs-CRP) and collagen synthesis (MMP-9). We
found that only miR-30e showed a negative correla-
tion with serum hs-CRP and MMP-9, suggesting that
the patients with lower miR-30e have a relatively low
level of inflammation and cardiac fibrosis.

A major limitation should be addressed in this study.
Our current study is a single-center based clinical re-
search with a small sample size. To validate the value
of circulating miR-30e in LVH detection, a multi-cen-
tered prospective study with a larger sample size is
warranted.
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