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Association of long-chain
 non-coding RNA MHRT
gene single nucleotide polymorphism with risk
and prognosis of chronic heart failure
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Abstract
Long-chain non-coding RNA (lncRNA) Myosin Heavy Chain Associated RNA Transcripts (MHRT) are newly identified
cardioprotective lncRNAs. In this study, we investigated the association of MHRT gene single nucleotide polymorphisms with
risk and prognosis of chronic heart failure (CHF).
Sanger sequencing was performed to detect the genotypes of rs3729830, rs7140721, rs76614781, rs3729829, rs3729828,

rs3729825, and rs3729822 loci in the non-coding region of the MHRT gene from 240 patients with CHF and 240 control subjects.
After 3 years of follow-up, progression-free survival was recorded in patients with CHF.
The risk of CHF in subjects carrying A allele of theMHRT gene rs7140721 locus was 1.43 times higher than that of C allele carriers

(95% CI: 1.23–1.62, P< .001). The risk of CHF in subjects carrying A allele of the rs3729829 locus was 1.41 times higher than that of
G allele carriers (95% CI: 1.20–1.61, P< .01). The risk of CHF in the carriers of T allele of the rs3729825 locus was 1.89 times higher
than that of C allele carriers (adjusted OR=1.89, 95% CI: 1.66–2.04, P< .01). Further, the level of lncRNA MHRT in the plasma of
subjects carrying CA/AA genotype of the rs7140721 locus was significantly higher than that of subjects carrying the CC genotype.
The level of lncRNA MHRT in the plasma of subjects carrying GA/AA genotype of the rs3729829 locus was significantly higher than
that of subjects carrying the GG genotype. In addition, the level of lncRNA MHRT in subjects with CT/TT genotype of the rs3729825
locus carriers was significantly higher than that in subjects with the CC genotype (P< .05). In addition, significant differences in the
mortality of patients with CHF were observed between different genotypes of rs7140721, rs3729829, and rs3729825 loci (P< .001).
The single nucleotide polymorphisms ofMHRT gene rs7140721, rs3729829, and rs3729825 loci were associated with the risk of

CHF and prognosis.

Abbreviations: CHF = chronic heart failure, LncRNA = long-chain non-coding RNA, MAF = minor allele frequencies, MHRT =
myosin heavy chain associated RNA Transcripts, qRT-PCR = real-time quantitative PCR, SNPs = single nucleotide polymorphisms.

Keywords: chronic heart failure, long-chain non-coding RNA, myosin heavy chain associated RNA transcripts, single nucleotide
polymorphism
1. Introduction
Chronic heart failure (CHF) is a common complication of
cardiovascular disease, the incidence of which is increasing
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yearly, and is a serious threat to people’s health and life.[1] Early
diagnosis and evaluation are essential for rational treatment and
reduction of mortality in patients with CHF; however, there
are few biomarkers for effective early diagnosis and prognostic
assessment.[2]

Long-chain non-coding RNAs (lncRNAs) are a class of
functional RNAs, over 200 nt in length, located in the nucleus
or cytoplasm, and are universally transcribed in eukaryotic cells,
but have little or no function in encoding proteins.[3] Recent
studies have shown that lncRNAs are involved in the occurrence
and development of many diseases in humans, such as cancer[4]

and coronary artery disease.[5] There is evidence showing that
lncRNAs are also associated with the occurrence and develop-
ment of CHF. For example, Yu et al[6] found that lncRNA UCA1
contributes to the diagnosis and prognosis of CHF. The plasma
level of lncRNA UCA1 is likely to be a good indicator for the
diagnosis of CHF and to predict a poor prognosis for CHF.
lncRNA Myosin Heavy Chain Associated RNA Transcripts

(MHRT) are newly identified cardioprotective lncRNAs whose
transcripts have been shown to be a novel ATP-dependent
chromatin remodeling factor lncRNA for heart failure.[7] In a
cardiomyocyte injury model induced by H2O2 in neonatal rats,
the expression of lncRNA MHRT was elevated, and si-RNA
MHRT increased cell apoptosis induced by H2O2.

[7] In addition,
the MHRT/Nrf2 pathway is involved in the regulation of
doxorubicin-induced apoptosis in cardiomyocytes.
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Table 1

PCR primer sequences for SNPs.

SNP locus Sequence (50 to 30)

rs3729830 Forward primer: CACCCGCTCACTAGTCTCAA;
Reverse primer: CGTGGTGGAGCAGACAGAG
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In the present study, we selected several single nucleotide
polymorphisms (SNP) loci with minor allele frequencies (MAF)>
0.05 in the non-coding region of the MHRT gene, rs3729830,
rs7140721, rs76614781, rs3729829, rs3729828, rs3729825,
and rs3729822, and explored the correlation of these SNPs with
the risk and prognosis of CHF in the Chinese Han population.
rs7140721 Forward primer: GAAGGTGGAGGAAAAGAGAATCTA;
Reverse primer: CTTCATAGCTGGCTCTCCCC

rs76614781 Forward primer: AAGTGATTCAGGCCCTCACA;
Reverse primer: TTCCTTGGCAACACTTTTCTCT

rs3729829 Forward primer: GCTCAGCTAAGATGCAATGGG;
Reverse primer: TGTGGAGTGAATGAATGACCAGT

rs3729828 Forward primer: AACAGGGACCAAAAGCCTGG;
Reverse primer: AGTCAGCCCTGGAGGAGG

rs3729825 Forward primer: TGAGGTCCAGTGGAGTTGGA;
Reverse primer: CCCATATGGTGCCACCCAAG

rs3729822 Forward primer: CTCTGGCCTCTCACTGAACC;
Reverse primer: AGGAACTTCGACAAGGTGGG

PCR = polymerase chain reaction, SNP= single nucleotide polymorphism.
2. Materials and methods

2.1. Subjects

We randomly selected 240 patients with CHF who underwent
treatments in the Second Affiliated Hospital of Zhejiang Chinese
Medical University and the Hangzhou Hospital of Traditional
Chinese Medicine between February 2014 and February 2016,
including 125 males and 115 females. Their age ranged from 45
to 89 years and the average age was 61.66±10.34 years. There
were 186 cases of ischemic cardiomyopathy and 54 cases of
dilated cardiomyopathy. All patients with heart failure were aged
between 40 and 85 years and had chronic and stable symptoms of
heart failure.[8] Patients were contacted by the outpatient service
or telephone interviews, and a 3-year follow-up was conducted
for cardiovascular mortality.
The criteria for recruitment were:
(1)
 meet the diagnostic criteria of CHF, or have left ventricular
enlargement or reduction in left ventricular ejection fraction;
(2)
 have a basic disease that can clearly result in CHF; and

(3)
 aged 18 years or older, and undergone heart failure treatment

within 1 or more than 1 month from the start of the study.
The exclusion criteria were:
(1)
 patients with malignant tumors or severe infectious diseases,
history of organ transplantation, and acute decompensated
heart failure;
(2)
 patients with occurrence of acute coronary events within
1 month prior to the start of the study, such as unstable
angina, acute ST elevation myocardial infarction, and acute
non-ST elevation myocardial infarction; and
(3)
 serum creatinine > 2.5mg/mL.
A cohort of 240 non-CHF subjects was recruited at the
physical examination center of the same hospital as a control
group and excluded organic heart disease and other acute and
chronic systematic diseases, abnormal electrocardiogram, and
excluded abnormal cardiac structure and cardiac functions by
echocardiography. The recruitment procedure was in accordance
with the principles of theWorldMedical Association Declaration
of Helsinki with all participants signing informed consent forms,
and this study was approved by the Medical Ethics Committee of
the Second Affiliated Hospital of Zhejiang Chinese Medical
University and the Hangzhou Hospital of Traditional Chinese
Medicine.

2.2. Genotype analysis of the SNPs

According to the Variation View (https://www.ncbi.nlm.nih.gov/
variation/view/) database, we selected 7 SNPs which were located
in introns of the MHRT gene with MAF > 0.05, rs3729830,
rs7140721, rs76614781, rs3729829, rs3729828, rs3729825,
and rs3729822. Genomic DNA was extracted from the plasma
of participants using a Puregene DNA Isolation Kit (Qiagen,
Minneapolis, MN, USA) according to the manufacturer’s
instructions, and a DNA fragment containing the SNP locus
2

was obtained by PCR amplification. The primer sequences of
each SNP locus are shown in Table 1. The primers for PCR were
synthesized by Genewiz (Suzhou, Shanghai). The PCR was
conducted in a 25mL system containing 50 ng extracted genomic
DNA, 0.5mL 10mM dNTP, 2.5mL 10�PCR buffer, 1.5mL 25
mM Mg2+, 0.25mL 5 U/mL Taq, and 1mL 10pmol of forward
and reverse primers. The PCR conditions were: 95 °C, 5min; 94 °
C, 45 s; 60 °C, 45 s; 72 °C, 30 s, 35 cycles; and a final extension at
72 °C for 10minutes. The genotype of the PCR products was
determined using Sanger sequencing, and 20% of the samples
were genotyped blindly and the same procedure was used to
obtain the results.

2.3. Real-time quantitative PCR (qRT-PCR)

Total RNA was extracted from the plasma of participants using
the TRIzol reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. Then, the extracted RNA was
reverse transcribed into cDNA using PrimeScript RT Master
Mix kit (TaKaRa, Dalian, China). According to the manufac-
turer’s instructions, qRT-PCR was performed using the Prime-
Script RT kit and SYBR Premix Ex Taq (TaKaRa, Dalian,
China). The primers for lncRNA MHRT qRT-PCR were: 50-
ACACGGCGTTCTTGAGTTT-30 (forward); 50-AGTATGAG-
GAGTCGCAGTCG-30 (reverse). GAPDH was used as an
internal reference and the primers were: 50-GTCAACGGATTT-
GGTCTGTATT-30 (forward); 50-AGTCTTCTGGGTGGCAGT-
GAT-30 (reverse). PCR conditions were: 95 °C, 30 seconds; 95 °C,
5 seconds; and 60 °C, 34 seconds for 40 cycles. The qRT-PCR
was performed using an ABI 7500 real-time PCR system (Applied
Biosystems, Foster City, CA, USA), and the fold change in
expression of lncRNAMHRT relative to GAPDHwas calculated
using the 2-DDCT method.

2.4. Statistical analyses

Statistical analyses were conducted using SPSS (version 22.0,
SPSS Inc., Chicago, IL). Continuous variables are expressed as
mean±SD and statistical analyses were performed using an
independent-sample t-test. Categorical variables are expressed as
n (%) and statistical analyses were performed using a Chi-square
test. A Chi-square test was performed to detect the Hardy-
Weinberg equilibrium of the MHRT gene. The association
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Table 2

Comparison of clinical characteristics between patients with CHF
and the control group.

Characteristics CHF (n=240) Control (n=240) P-value

Age (yr, mean±SD) 61.66±10.34 61.31±9.33 .70
Gender [n (%)] .86
Men 125 (52.08%) 123 (51.25%)
Women 115 (47.92%) 117 (48.75%)

Hypertension [n (%)] <.01
Yes 144 (60.00%) 37 (15.42%)
No 96 (40.00%) 203 (84.58%)

Diabetes [n (%)] <.01
Yes 65 (27.08%) 12 (5.00%)
No 175 (72.92%) 228 (95.00%)

Total cholesterol (mmol/L) 4.99±1.25 3.91±1.46 <.01
Triglyceride (mmol/L) 1.54±0.52 1.55±0.45 .82
HDL-C (mmol/L) 1.46±0.48 1.74±0.64 <.01
LDL-C (mmol/L) 2.95±0.93 2.00±0.91 <.01
ALT (mmol/L) 28.52±9.31 28.13±7.43 .61
AST (mmol/L) 28.40±9.56 24.31±6.58 <.01
BUN (mmol/L) 84.99±20.66 45.88±18.31 <.01
Cr (mmol/L) 71.18±16.40 92.38±24.15 <.01
UA (mmol/L) 315.97±69.54 429.87±72.45 <.01
Co2CP (mmol/L) 38.77±16.13 37.15±11.87 .21

ALT= alanine aminotransferase, AST= aspartate aminotransferase, BUN=blood urea nitrogen,
CHF=chronic heart failure, Co2CP= carbon dioxide combining power, Cr= creatinine, HDL-C=high-
density lipoprotein cholesterol, LDL-C= low-density lipoprotein cholesterol, UA=uric acid.
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betweenMHRT gene SNPs and the risk of CHFwas estimated by
an unconditional logistic regression analysis, adjusted to factors
such as age, gender, hypertension, and diabetes. The Kaplan-
Meier curve and the Cox proportional hazard regression model
were used to estimate the effect of MHRT gene SNPs on the
survival of patients with CHF. All studies were 2-sided, with
P< .05 considered statistically significant.
3. Results

3.1. Comparison of clinical characteristics

The general characteristics of the 240 patients with CHF and the
240 healthy participants are shown in Table 2. Statistical analyses
showed that there was no significant difference in age, gender,
plasma triglyceride level, ALT level, and Co2CP level between the
2 groups (P> .05). The proportion of patients with hypertension
and patients with diabetes in the CHF group was higher than that
in the control group (P< .05). The levels of total cholesterol,
LDL-C, AST, and BUNwere significantly higher than those of the
control group, while the levels of HDL-C, Cr and UA were
significantly lower than those of the control group (P< .05).
3.2. Correlation between SNPs of the MHRT gene and the
risk of CHF occurrence

The genotype frequencies of the MHRT gene rs3729830,
rs7140721, rs76614781, rs3729829, rs3729828, rs3729825,
and rs3729822 loci were in accordance with the Hardy-
Weinberg equilibrium (HWE) (P> .05) (Table 3). We found
that there were no significant differences in the frequency of
genotypes and alleles of the MHRT gene rs3729830,
rs76614781, and rs3729828 loci between patients with CHF
and the control group (P> .05). However, taking the CC
3

genotype of the MHRT gene rs7140721 as a reference, the
frequencies of CA and AA genotypes in patients with CHF were
significantly higher than those in the control group (P< .05), and
the risk of CHF occurrence was elevated in both the dominant
and recessive models (adjusted OR=1.39, 95% CI: 1.15–1.65,
P= .001; adjusted OR=1.75, 95% CI: 1.29–1.99, P= .001;
respectively). The risk of CHF in the A allele carriers was 1.43
times higher than C allele carriers of the gene (95% CI: 1.23–
1.62, P< .001). The risk of CHF occurrence in subjects carrying
AA genotype of the rs3729829 locus was 1.79 times higher than
the GG genotype carriers (95% CI: 1.30–2.06, P= .001).
Although the risk of CHF did not increase in the additive model
(adjusted OR=1.07, 95% CI: 0.93–1.24, P= .35), the risk of
CHF was significantly increased in both the dominant and
recessive models (adjusted OR=1.35, 95% CI: 1.10–6.11,
P= .005; adjusted OR=1.73, 95% CI: 1.26–1.98, P= .002;
respectively). The risk of CHF in subjects carrying the A allele of
the rs3729829 locus was 1.41 times higher than G allele carriers
(95% CI: 1.20–1.61, P< .01). Taking the CC genotype of the
rs3729825 as a reference, the risk of CHF was significantly
increased in CT and TT genotypes (adjusted OR=1.73, 95% CI:
1.34–2.01, P< .01; adjusted OR=2.22, 95%CI: 1.71–2.22,
P< .01; respectively). There was no significant increase in the risk
of CHF in the additive model (adjusted OR=1.11, 95% CI:
0.96–1.28, P= .16); however, in the dominant and recessive
models, the risk of CHF was significantly increased (adjusted
OR=1.88, 95% CI: 1.57–2.09, P< .01; adjusted OR=2.08,
95%CI: 1.61–2.08, P< .01; respectively), and the risk of CHF in
T allele carriers was 1.89 times higher than that of the C allele
carriers (adjusted OR=1.89, 95% CI: 1.66–2.04, P< .01).
3.3. Haplotype analysis

We used Haploview 4.2 to analyze the linkage disequilibrium of
MHRT gene rs3729830, rs7140721, rs76614781, rs3729829,
rs3729828, rs3729825, and rs3729822 loci (Fig. 1). We found
that there were 4 haploids which were associated with an
increased risk of CHF: TAGAACC (adjusted OR=1.62, 95%CI:
1.04–2.57, P= .03), CAGAATC (adjusted OR=2.60, 95% CI:
1.82–3.78, P< .01), CAGAATT (adjusted OR=2.29, 95%
CI: 1.58–3.40, P< .01), and CAGAACC (adjusted OR=2.27,
95% CI: 1.40–3.44, P< .01) (Table 4).

3.4. Stratified analysis

We then conducted a stratified analysis of the general character-
istics of the subjects and divided all participants into young
subjects (age<60 years) and elderly subjects (age ≥ 60 years),
men and women, patients with and without hypertension and
patients with and without diabetes. The results showed that the
risk of CHF in the carriers of A allele (CA/AA) of the rs7140721
locus was significantly higher than that of the CC genotype
carriers in the young population (adjusted OR=1.39, 95% CI:
1.07–1.73, P= .01), men and women (adjusted OR=1.34, 95%
CI: 1.01–1.70, P= .04; adjust OR=1.46, 95% CI: 1.09–1.85,
P= .01; respectively), patients without hypertension (adjusted
OR=1.57, 95% CI: 1.08–2.20, P= .02), and patients without
diabetes (adjusted OR=1.56, 95% CI: 1.23–1.93, P< .01).
However, there was no alteration in the risk of CHF in the A allele
(CA/AA) of the rs7140721 carriers compared to that in the CC
genotype carriers in the elderly, patients with hypertension and
patients with diabetes (P> .05) (Table 5).

http://www.md-journal.com


Table 3

Correlation between genotype and allele frequency of MHRT gene SNPs and the risk of CHF.

CHF (n=240) Control (n=240) HWE P-value Adjusted OR (95% CI) P-value

rs3729830
CC 213 (88.75%) 216 (90.00%) .10 1.00 (reference)
CT 23 (9.58%) 22 (9.17%) 1.03 (0.72–1.36) .98
TT 4 (1.67%) 2 (0.83%) 1.34 (0.48–1.91) .68
Additive model 1.01 (0.88–1.15) .97
Dominant model 1.07 (0.77–1.38) .77
Recessive model
C 449 (93.54%) 454 (94.58%) 1.00 (reference)
T 31 (6.46%) 26 (5.42%) 1.09 (0.81–1.37) .59

rs7140721
CC 165 (68.75%) 197 (82.08%) .21 1.00 (reference)
CA 54 (22.50%) 39 (16.25%) 1.27 (1.01–1.55) .04
AA 21 (8.75%) 4 (1.67%) 1.84 (1.36–2.11) <.01
Additive model 1.10 (0.95–1.28) .23
Dominant model 1.39 (1.15–1.65) .001
Recessive model 1.75 (1.29–1.99) .001
C 384 (80.00%) 433 (90.21%) 1.00 (reference)
A 96 (20.00%) 47 (9.79%) 1.43 (1.23–1.62) <.001

rs76614781
GG 199 (82.92%) 202 (84.17%) .08 1.00 (reference)
GA 36 (15.00%) 34 (14.17%) 1.04 (0.78–1.31) .88
AA 5 (2.08%) 4 (1.67%) 1.12 (0.45–1.73) .99
Additive model 1.01 (0.88–1.16) .97
Dominant model 1.05 (0.80–1.31) .81
Recessive model 1.11 (0.45–1.71) .99
G 434 (90.42%) 438 (91.25%) 1.00 (reference)
A 46 (9.58%) 42 (8.75%) 1.05 (0.82–1.28) .74

rs3729829
GG 177 (73.75%) 203 (84.58%) .06 1.00 (reference)
GA 43 (17.92%) 33 (13.75%) 1.22 (0.94–1.51) .14
AA 20 (8.33%) 4 (1.67%) 1.79 (1.30–2.06) .001
Additive model 1.07 (0.93–1.24) .35
Dominant model 1.35 (1.10–1.61) .005
Recessive model 1.73 (1.26–1.98) .002
G 397 (82.71%) 439 (91.46%) 1.00 (reference)
A 83 (17.29%) 41 (8.54%) 1.41 (1.20–1.61) <.01

rs3729828
GG 197 (82.08%) 199 (82.92%) .15 1.00 (reference)
GA 40 (16.67%) 37 (15.42%) 1.04 (0.80–1.31) .82
AA 3 (1.25%) 4 (1.66%) 0.86 (0.24–1.62) .99
Additive model 1.05 (0.88–1.16) .99
Dominant model 1.03 (0.79–1.29) .90
Recessive model 0.85 (0.23–1.61) .99
G 434 (90.42%) 435 (90.63%) 1.00 (reference)
A 46 (9.58%) 45 (9.38%) 1.01 (0.79–1.24) .99

rs3729825
CC 190 (79.17%) 231 (96.25%) .77 1.00 (reference)
CT 32 (13.33%) 9 (3.75%) 1.73 (1.34–2.01) <.01
TT 18 (7.50%) 0 (0%) 2.22 (1.71–2.22) <.01
Additive model 1.11 (0.96–1.28) .16
Dominant model 1.88 (1.57–2.09) <.01
Recessive model 2.08 (1.61–2.08) <.01
C 412 (85.83%) 471 (98.13%) 1.00 (reference)
T 68 (14.17%) 9 (1.88%) 1.89 (1.66–2.04) <.01

rs3729822
CC 208 (86.67%) 213 (88.75%) .20 1.00 (reference)
CT 31 (12.92%) 25 (10.42%) 1.12 (0.83–1.42) .49
TT 1 (0.42%) 2 (0.83%) 0.68 (0.04–1.78) .99
Additive model 1.01 (0.88–1.16) .92
Dominant model 1.10 (0.81–1.39) .58
Recessive model 0.67 (0.04–1.76) .99
C 447 (93.13%) 451 (93.96%) 1.00 (reference)
T 33 (6.88%) 29 (6.04%) 1.07 (0.80–1.34) .69

CHF= chronic heart failure, CI= confidence interval, HWE=Hardy-Weinberg equilibrium, MHRT = myosin heavy chain associated RNA transcripts, OR= odds ratio.

Zhang et al. Medicine (2020) 99:29 Medicine
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Figure 1. Analysis of linkage disequilibrium of the SNPs ofMHRT genes via Haploview 4.2. The number in the box represents D’. The larger the value, the stronger
the degree of linkage, and the lack of numbers in the red box represent D’=1. MHRT = myosin heavy chain associated RNA transcripts, SNP=single nucleotide
polymorphism.
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The risk of CHF in the carriers of the A allele (GA/AA) of the
rs3729829 locus was significantly higher than that of the GG
genotype carriers in the young population (adjusted OR=1.35,
95% CI: 1.04–1.70, P= .03), women (adjusted OR=1.55, 95%
CI: 1.13–1.93, P= .01), patients without hypertension (adjusted
OR=1.72, 95% CI: 1.19–2.39, P< .01), and patients without
diabetes (adjusted OR=1.44, 95% CI: 1.11–1.79, P< .01) but
not in the elderly, male, and patients with hypertension and
diabetes (P> .05) (Table 6).
Additionally, only in the patients without diabetes, was the

risk of CHF in the rs3729825 T allele carriers (CT/TT) not
significantly increased (adjusted OR=2.17, 95% CI: 1.74–2.48,
P< .01) (Table 7).
Table 4

Association of MHRT gene haplotypes with the risk of CHF.

Haploid
∗

CHF (n=240) Control (n=240) Adjusted OR (95% CI) P-value

CGGGGCC 24 (10.00%) 65 (27.08%) 1.00 (reference)
TAGAACC 35 (14.58%) 45 (18.75%) 1.62 (1.04–2.57) .03
CAGAATC 75 (31.25%) 32 (13.33%) 2.60 (1.82–3.78) <.01
CAGAATT 71 (29.58%) 44 (18.33%) 2.29 (1.58–3.40) <.01
CAAAACC 23 (9.58%) 40 (16.67%) 1.35 (0.81–2.25) .28
CAGAACC 22 (9.17%) 14 (5.83%) 2.27 (1.40–3.44) <.01

CHF=chronic heart failure, MHRT = myosin heavy chain associated RNA transcripts.
∗
rs3729830/rs7140721/rs76614781/rs3729829/rs3729828/rs3729825/rs3729822.

5

3.5. Correlation between plasma level of lncRNA MHRT
and MHRT gene SNP

Further, we performed qRT-PCR to analyze the level of lncRNA
MHRT in the plasma of the subjects. The results showed that the
plasma lncRNA MHRT level in patients with CHF was
significantly higher than that in the control group (P< .01)
(Fig. 2A). We found that the levels of lncRNA MHRT in the
plasma of rs7140721 locus CA/AA genotype carriers were
significantly higher than those of CC genotype in both patients
with CHF and control subjects (P< .05) (Fig. 2B, 2E). The levels
of lncRNA MHRT in the plasma of rs3729829 locus GA/AA
genotype carriers were significantly higher than those of GG
genotype in both patients with CHF and the control subjects
(P< .05) (Fig. 2C, 2F). In addition, the levels of lncRNA MHRT
in the plasma of rs3729825 locus CT/TT genotype carriers were
significantly higher than those of CC genotype in both patients
with CHF and the control subjects (P< .05) (Fig. 2D, 2G).

3.6. Association of MHRT gene polymorphisms with
progression-free survival in patients with CHF

A total of 240 patients with CHF were followed up, and the
median survival of these patients was 31.5 months. We observed
a significant difference in the mortality of patients with CHF
between different genotypes of rs7140721, rs3729829, and
rs3729825 loci (P< .001) (Fig. 3).

http://www.md-journal.com


Table 5

Stratified analysis of the relationship between different genotypes
of MHRT gene rs7140721 locus and the risk of CHF.

CHF
(n=240)

Control
(n=240)

Adjusted OR
(95% CI) P-value

Age
<60

CC 114 (71.25%) 151 (82.97%) 1.00 (Reference)
CA/AA 46 (28.75%) 31 (17.03%) 1.39 (1.07–1.73) .01

≥ 60
CC 51 (63.75%) 46 (79.31%) 1.00 (Reference)
CA/AA 29 (36.25%) 12 (20.69%) 1.35 (0.97–1.73) .07

Gender
Men

CC 87 (69.60%) 100 (81.30%) 1.00 (Reference)
CA/AA 38 (30.40%) 23 (18.70%) 1.34 (1.01–1.70) .04

Women
CC 78 (67.83%) 97 (82.91%) 1.00 (Reference)
CA/AA 37 (32.17%) 20 (17.09%) 1.46 (1.09–1.85) .01

Hypertension
Yes

CC 99 (68.75%) 31 (83.78%) 1.00 (Reference)
CA/AA 45 (31.25%) 6 (16.22%) 1.16 (0.97–1.29) .11

No
CC 66 (68.75%) 166 (81.77%) 1.00 (Reference)
CA/AA 30 (31.25%) 37 (18.23%) 1.57 (1.08–2.20) .02

Diabetes mellitus
Yes

CC 49 (75.38%) 9 (75.00%) 1.00 (Reference)
CA/AA 16 (24.62%) 3 (25.00%) 0.99 (0.73–1.19) .99

No
CC 116 (66.29%) 188 (82.46%) 1.00 (Reference)
CA/AA 59 (33.71%) 40 (17.54%) 1.56 (1.23–1.93) <.01

CHF= chronic heart failure, MHRT = myosin heavy chain associated RNA transcripts, CI= confidence
interval, OR= odds ratio.

Table 6

Stratified analysis of the relationship between different genotypes
of MHRT gene rs3729829 locus and the risk of CHF.

CHF
(n=240)

Control
(n=240)

Adjusted OR
(95% CI) P-value

Age
< 60
GG 117 (73.13%) 152 (83.52%) 1.00 (Reference)
GA/AA 43 (26.88%) 30 (16.48%) 1.35 (1.04–1.70) .03

≥ 60
GG 60 (75.00%) 51 (87.93%) 1.00 (Reference)
GA/AA 20 (25.00%) 7 (12.07%) 1.37 (0.95–1.73) .09

Gender
Men
GG 90 (72.00%) 98 (79.67%) 1.00 (Reference)
GA/AA 35 (28.00%) 25 (20.33%) 1.22 (0.90–1.57) .21

Women
GG 87 (75.65%) 105 (89.74%) 1.00 (Reference)
GA/AA 28 (24.35%) 12 (10.26%) 1.55 (1.13–1.93) .01

Hypertension
Yes
GG 110 (76.39%) 31 (83.78%) 1.00 (Reference)
GA/AA 34 (23.61%) 6 (16.22%) 1.09 (0.88–1.24) .46

No
GG 67 (69.79%) 172 (84.73%) 1.00 (Reference)
GA/AA 29 (30.21%) 31 (15.27%) 1.72 (1.19–2.39) <.01

Diabetes mellitus
Yes
GG 49 (75.38%) 10 (83.33%) 1.00 (Reference)
GA/AA 16 (24.62%) 2 (16.67%) 1.07 (0.78–1.22) .82

No
GG 128 (73.14%) 193 (84.65%) 1.00 (Reference)
GA/AA 47 (26.86%) 35 (15.35%) 1.44 (1.11–1.79) <.01

CHF= chronic heart failure, MHRT = myosin heavy chain associated RNA transcripts, CI= confidence
interval, OR= odds ratio.

Table 7

Stratified analysis of the relationship between different genotypes
of MHTR gene rs3729825 locus and the risk of CHF.

CHF
(n=240)

Control
(n=240)

Adjusted OR
(95% CI) P-value

Age
< 60
CC 125 (78.13%) 175 (96.15%) 1.00 (Reference)
CT/TT 35 (21.88%) 7 (3.85%) 2.00 (1.58–2.29) <.01

≥ 60
CC 65 (81.25%) 56 (96.55%) 1.00 (Reference)
CT/TT 15 (18.75%) 2 (3.45%) 1.63 (1.12–1.87) .02

Gender
Men
CC 103 (82.40%) 119 (96.75%) 1.00 (Reference)
CT/TT 22 (17.60%) 4 (3.25%) 1.82 (1.34–2.10) <.01

Women
CC 87 (75.65%) 112 (95.73%) 1.00 (Reference)
CT/TT 28 (24.35%) 5 (4.27%) 1.94 (1.48–2.23) <.01

Hypertension
Yes
CC 119 (82.64%) 36 (97.30%) 1.00 (Reference)
CT/TT 25 (17.36%) 1 (2.70%) 1.25 (1.01–1.31) .04

No
CC 81 (76.42%) 195 (96.06%) 1.00 (Reference)
CT/TT 25 (23.58%) 8 (3.94%) 2.58 (1.86–3.16) <.01

Diabetes mellitus
Yes
CC 54 (83.08%) 11 (91.67%) 1.00 (Reference)
CT/TT 11 (16.92%) 1 (8.33%) 1.10 (0.73–1.22) .75

No
CC 136 (77.71%) 220 (96.49%) 1.00 (Reference)
CT/TT 39 (22.29%) 8 (3.51%) 2.17 (1.74–2.48) <.01

CHF= chronic heart failure, MHRT = myosin heavy chain associated RNA transcripts, CI= confidence
interval, OR= odds ratio.
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3.7. Correlation of plasma lncRNA MHRT level and
progression-free survival (PFS) of patients with CHF

QRT-PCR was used to detect plasma lncRNA MHRT level, we
compared between the high-level lncRNA MHRT (above
average) and low-level lncRNA MHRT levels (below average)
with PFS of patients with CHF. The results showed that patients
with higher plasma lncRNA MHRT had lower PFS, and the
difference was significant (P= .02, Fig. 4).

4. Discussion

In this study, we analyzed the relationship between 7 SNP loci of
theMHRT gene non-coding region withMAF>0.05 and the risk
and prognosis of CHF in Chinese Han patients using a case-
control study. The results showed that there was a significant
correlation between the risk and prognosis of CHF and
rs7140721, rs3729829, and rs3729825 SNPs of theMHRT gene.
Recently, cardiovascular diseases have become a major public

health problem in China, and the incidence and mortality of
cardiovascular diseases are gradually increasing.[9–11] Heart
failure is the end stage of various heart diseases. It is a group of
pathological syndromes with cardiac insufficiency that seriously
affects life and health in humans.[12,13] Hence, early diagnosis
and effective treatment are extremely important to reduce the rate
of hospitalization and improve the survival rate of patients with
heart failure.
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Figure 2. Comparison of plasma lncRNA MHRT levels. (A) Comparison of plasma lncRNA MHRT levels in patients with CHF and control subjects. (B) Comparison
of plasma lncRNA MHRT levels in different genotype carriers of rs7140721 locus of patients with CHF. (C) The same as (B) except for rs3729829 locus. (D) The
same as (B) except for rs3729825 locus. (E) The same as (B) except for control subjects. (F) The same as (C) except for control subjects. (G) The same as (D) except
for control subjects. CHF=chronic heart failure, LncRNA = long-chain non-coding RNA, MHRT = myosin heavy chain associated RNA transcripts.

Zhang et al. Medicine (2020) 99:29 www.md-journal.com
lncRNA is a family of RNA with a length of above 200 nt and
contributes to various important physiological processes such
as cell differentiation, development, defensive response, and
immune response.[14,15] Although lncRNA does not encode a
protein, it can participate in post-transcriptional regulation
Figure 3. Correlation between MHRT gene polymorphisms and prognosis in patie
and prognosis of patients suffering fromCHF. (B) The same as (A) except for rs3729
failure, MHRT = myosin heavy chain associated RNA transcripts.
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and miRNA regulation via epigenetic and transcriptional
pathways.[16–18]MHRT is located on chromosome 14q11.2,
which encodes an lncRNA that acts as a cardioprotective factor in
the heart.[19,20] Previous studies of the similar gene in mice found
that its encoding transcripts can regulate chromatin remodeling
nts with CHF. (A) Correlation between different genotypes of rs7140721 locus
829 locus. (C) The same as (A) except for rs3729825 locus. CHF=chronic heart

http://www.md-journal.com


Figure 4. Correlation between plasma lncRNA MHRT level and the PFS of
patients with CHF. CHF=chronic heart failure, LncRNA = long-chain non-
coding RNA, MHRT = myosin heavy chain associated RNA transcripts.

Zhang et al. Medicine (2020) 99:29 Medicine
by acting as a bait for the BRG1 chromatin inhibitor complex and
prevent its binding to its genomic target. Blocking BRG1 is
essential for protecting the heart from pathological hypertro-
phy.[7] Additionally, evidence showed that elevation of circulat-
ing lncRNA predicts HF and can be considered as a novel
biomarker for HF.[21]

Here, we found that the expression level of lncRNAMHRT in
plasma of patients with CHFwas significantly higher than that of
the control group, indicating that the expression level of lncRNA
MHRT in plasma of patients with CHF was abnormally
increased, which was consistent with the results reported by
Xuan et al.[21] We analyzed the correlation between the MHRT
gene SNPs and the risk of CHF, and found that only SNPs of
rs7140721, rs3729829, and rs3729825 loci were associated with
the risk of CHF. The risk of CHF in the A allele carriers ofMHRT
gene rs7140721 locus was 1.43 times that of C allele carriers. The
rs3729829 A allele carriers were 1.41 times more likely to have
CHF than the G allele carriers. The risk of CHF in the s3729825
T allele carriers was 1.99 times higher than that of C allele
carriers, while other SNP loci were not risk factors for CHF.
Considering this result, it is likely that genotypes of the MHRT
gene rs7140721, rs3729829, and rs3729825 loci predict the risk
of CHF in the earlier stages and it is necessary to take relevant
precautions to prevent the occurrence of CHF.
To further analyze the association between the risk of CHF and

MHRT gene SNPs in different subpopulations, we performed
stratified analyses to investigate the effects of age, gender,
hypertension, and diabetes. We found that in young people but
not the elderly or patients without hypertension, and diabetes, the
risk of CHF in the rs7140721 locus A allele (CA/AA) carriers of
the MHRT gene was significantly higher than that of the CC
genotype carriers, suggesting the importance of screening for the
genotype of MHRT gene rs7140721 locus in these subpopula-
tions. In addition, the risk of CHF in the rs3729829 locus allele
(GA/AA) carriers of the MHRT gene in the young and female
patients, and patients without hypertension and diabetes was
significantly higher than that of GG genotype carriers, indicating
that genotype detection of MHRT gene rs3729829 in such
subpopulations may be more clinically significant than in the
8

elderly and male patients, and patients with hypertension and
diabetes. Moreover, the risk of CHF in the MHRT gene T allele
carriers (CT/TT) was not significantly increased only in patients
without diabetes, indicating genotyping of the MHRT gene
rs3729825 locus in patients without diabetes was not as
important as in the other subpopulations.
In this study, all patients were followed up for 3 years. The

results showed that the A allele of MHRT gene rs7140721 and
rs3729829 loci, and T allele of rs3729825 locus carriers had a
poor prognosis; more clinical attention should be paid to these
subpopulations.
There are some limitations in the present study. First, the

conclusions of this study need to be further verified in a large
sample to balance the errors caused by small samples. Second,
the specific mechanism of MHRT in the process of CHF has not
been demonstrated in this study and further studies are needed to
clarify the underlying mechanism. In addition, this study only
analyzed the correlation betweenMHRT and CHF; there may be
many other lncRNAs involved in the occurrence of CHF, which
requires further screening.
5. Conclusion

In summary, the lncRNA MHRT gene non-coding region
rs7140721, rs3729829, and rs3729825 loci SNPs are correlated
with the risk and prognosis of CHF and the mechanisms may be
related to expression levels of lncRNA MHRT; however, further
studies are needed to confirm the underlying mechanism.
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