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Long noncoding RNAs (lncRNAs) are lengthy noncoding transcripts which are actively involved in crucial 

cellular pathways. Tissue-specific expression of lncRNAs besides its secretion into the body fluids, has made 

lncRNAs in attention as biomarkers of the diseases. According to the role of lncRNAs, especially H19 in cardiac 

regeneration, it is not surprising if their altered expression levels lead to cardiac diseases. In the present study, 

the relative expression of H19 was compared in the plasma of atherosclerotic myocardial infarction and control 

individuals by real time-PCR, and data were normalized using GAPDH. The association of plasma level of lipid 

and homocystine with H19 expression was also considered. The potential of H19 to discriminate the case from 

control was studied using the ROC analysis. We found that the plasma level of H19 transcript significantly 

increased in the plasma of patients in comparison with the control group. Additionally, the relative expression 

level of H19 was directly associated with the plasma homocystine level. The relative expression of H19 at 

threshold of 0.3 showed 70% sensitivity and 94% specificity to discriminate cases from controls. This study 

revealed that the expression level of H19 may be considered as a biomarker of myocardial infarction, although 

further studies are needed to generalize this finding.  
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mong the cardiovascular diseases (CVDs), 

coronary atherosclerosis is the most prevalent 

cause of death worldwide (1). Atherosclerosis is 

initiated by lipid deposition, oxidation and 

modification inside the blood arteries triggering the 

inflammatory responses which can eventually lead 

to stenosis, stroke, and heart attack (2). Variety of 

risk factors have been introduced for CVDs among 

which the role of sedentary lifestyle, arterial 

hypertension, smoking, hyperlipidemias, obesity, 

diabetes mellitus, and familial antecedents are well-

established (3). In spite of many advances in the 
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treatment of CVDs, the disease still has a definite 

outbreak. Therefore, development of new 

approaches for early diagnosis of CVDs is urgent 

especially in case of families with history of the 

disease (4). Understanding of the involved 

molecular mechanisms of the disease could be 

promising to achieve this goal (5). Long noncoding 

RNAs (lncRNAs) are lengthy noncoding transcripts 

which are actively involved in the regulation of 

variety of biological pathways including cell cycle, 

growth, and apoptosis (6, 7). These RNAs are in the 

attention due to their regulatory roles at 

transcriptional, and post transcriptional levels (8). 

Additionally, tissue-specific, developmental stage-

specific expression of lncRNAs besides their long-

term stability in biofluids including plasma and 

urine made these transcripts as potent diagnostic 

biomarkers of diseases (9). The latter characteristic 

has made these molecules easily detectable by 

quantitative molecular methods (10). A growing 

body of evidence showed that lncRNAs play an 

important role in cardiac cell proliferation, growth 

and differentiation, so their altered expression 

levels may be connected with CVDs (4). The 

association of some lncRNAs with cardiac 

development,atherosclerosis, myocardial infarction, 

heart failure, hypertension, and aneurysms has been 

reported recently (8). LncRNA H19, is a maternally 

expressed gene on chromosome 11p15.5 (11). The 

gene is expressed during the 6
th

 to 8
th

 week of 

gestation from both parental alleles; however, it is 

exclusively expressed from maternal allele on the 

10
th

 week of pregnancy (12). The expression of 

H19 has been detected in liver, tongue, heart, 

muscle, kidney, and intestine; however, this 

expression is restricted to skeletal muscle and heart 

after  birth (13). It has been evidenced that H19 is a 

negative regulator of body weight and apoptosis 

(14). The gene is also induced by increased level of 

homocysteine, an approved risk factor of CVDs 

(15). In addition, during cardiac muscle injuries, 

cardiac cells become leaky and release their 

contents into the bloodstream (16). Regarding to 

such history, this study was aimed to evaluate the 

expression level of H19 in plasma samples of 

patients suffering from myocardial infarction due to 

coronary atheroscle-rosis diseases.  

 

Materials and methods 

Patient’s recruitment 

Human subjects were recruited at the 

Department of Cardiology at Golestan Hospital 

(Ahvaz, Iran) after meeting the following criteria by 

the cardiologist: the presence of at least one 

atherosclerotic vessel which was confirmed through 

the computed tomography scan (CT) angiography, 

and early detection of myocardial infarction. The 

patients with of CVDs or history of gastric cancer, 

NSCLC, and breast cancer were excluded from this 

study. The patients with negative results in CT 

angiography were considered as control group. 

Totally, 32 cases and 30 control individuals were 

collected from 2017 to 2018. All human 

participants gave their written informed consent 

before joining the project. A whole blood sample (5 

ml) was collected from all individuals into the 

ethylenediaminetetraacetic acid (EDTA)-containing 

tubes. Table 1 represents the clinical presentation of 

atherosclerotic and normal individuals. The present 

study was approved by the Ethics Committee of 

Ahvaz Jundishapur University of Medical Sciences 

Research Affairs, Ahvaz, Iran (Grant number: 

CMRC-9520 and code of ethics: IR.AJUMS. REC. 

1395.818), and was experimentally performed in 

the Department of Medical Genetics. 

Plasma isolation  

To isolate the plasma, blood samples (5 mL) 

were centrifuged at 2000 g for 10 min at room 

temperature. The tubes were removed from the 

centrifuge, and plasma was located at the top of the 

specimen. The isolated plasma samples were stored 

at -70 °C until use.  

RNA extraction 

Within 1 h after blood drawing, the RNA  was 
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Table 1. Clinical presentation of atherosclerotic and normal individuals. 

Parameters Patients (n=32) Controls (n=30) 

Sex ratio (F/M) (14/18) (13/17) 

Age 56±9.7 4511 

Artery stenosis In 3 vessels (n=11) 

In 2 vessels (n=14) 

In 1 vessel (n=7) 

 

None 

TG (mg/dl) 133.5±67.04 - 

TC (mg/dl) 181.94±59.9 158±46.7 

LDL (mg/dl) 106.5.58±48.6 82.4±30 

HDL(mg/dl)  47.11±10.46 45.85±6.9 

Hcys (mg/dl) 26.7±12.81 29.81±26 

TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; VLDL: very-low-density lipoprotein; Hcys: 
homocysteine. 

 

Table 2. List of the primer sets and related amplicon. 

Gene Primer Sequence Amplicon size (bp) 

H19 H19-Forward 5’-TGAGGTGATCATGACTGGTAC-3’  

101 
H19-Reverse 5’-TGGCTTCAACTGATTCCGTG-3’ 

GAPDH GAPDH-Forward 5’-GTGAACCATGAGAAGTATGACAAC-3’  

123 
GAPDH-Reverse 5’-CATGAGTCCTTCCACGATACC-3’ 

 

quickly extracted using RNX-plus solution 

(CinnaGen, Iran) according to a protocol provided 

by the manufacturer. The concentration and purity 

of the RNAs were evaluated by Nanodrop ND-1000 

spectrophotometer (Nanodrop Technologies, 

Wilmington, DE, USA) reading at 230, 260, and 

280 nm wavelengths. It is necessary to mention that 

to avoid contaminations containing RNAs such as 

intact cells, apoptotic cells or cell fragments, after 

thawing, the plasma samples were centrifuged at 

3000 g for 5 min at room temperature to pellet 

debris (17).  

Complementary DNA (cDNA) synthesis and 

real-time polymerase chain reaction (PCR) 

Complementary DNA was synthesized by 

PrimeScript™ RT reagent kit (Takara Bio Inc, 

Shiga, Japan) based on the manufacturer's protocol. 

The list of primers for H19 gene and reference 

gene GAPDH are illustrated in Table 2. Of note, 

GAPDH was selected as internal control since a 

variety of previously published experiments 

validated it for normalization of mRNA targets in 

serum and plasma samples (18). Real-time PCR 

was performed using the SYBR® Premix Ex Taq™ 

II (Takara, Japan) as described by the manufacturer. 

Relative gene expression was calculated as 2
−ΔCt

. 

Evaluating the plasma lipid concentration  

Plasma concentration of cholesterol, 

triglyceride (19), low-density lipoprotein (LDL), 

high-density lipoprotein (HDL), very-low-density 

lipoprotein (VLDL), and homocysteine were 

measured in patient and control groups based on 

diagnostic Ltd Axis-Shield protocols (Axis-Shield, 

Scotland).  

The significance of dyslipidemia on H19 expres-

sion level 

As dyslipidemia has been observed in 

atherosclerotic patients (20), the association of 

factors including VLDL, LDL, and HDL with 

relative expression of H19 lncRNA was studied. 

Additionally, as homocysteine has been reported as 

one the risk factors of atherosclerosis (21), the 
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Fig. 1. The relative H19 lncRNA expression level in the plasma of atherosclerotic patients and non-atherosclerotic control 

counterparts. Data are presented as mean±SD. The asterisk”*” indicates the statistical significance less than 10-4. 

association of this parameter with relative H19 

expression level was also considered.  

Receiver operating characteristic (ROC) curve 

analysis 

To determine the sensitivity and specificity of 

the H19 expression level to distinguish people with 

the disease from normal ones, GraphPad Prism 

version 6 (GraphPad Software, La Jolla, California, 

USA) was applied to calculate the cut-off value and 

presented it as graph of 100%-Specificity% versus 

77- 95% confidence interval (CI) was considered 

for each possible cut-off between normal and 

abnormal levels. The area under a ROC curve 

(AUC) quantifies the overall ability of the test to 

discriminate between those individuals with the 

disease and those without the disease. A good ROC 

curve is indicated by an AUC close to one and the 

AUCs less than 0.5 are not acceptable.  

Statistical analysis 

Each study was performed in 3 independent 

experiments. Data were presented as mean±SD into 

the Graphpad Prism version 7. The statistical 

difference between case and control groups was 

evaluated using student T-test. The statistical 

significance threshold was considered as 0.05.  

 

Results 

Long noncoding RNA H19 was increased in 

plasma of myocardial infarction patients 

Comparing the expression level of H19 in 

plasma of myocardial infarction individuals showed 

the relative expression of H19 in plasma of patients 

with atherosclerotic vessels was equal to 0.540227 

±0.05 while the corresponding value in normal 

individuals was 0.16±0.02. This indicates that H19 

lncRNA is significantly more detectable in plasma 

of patients than the control individuals, and the 

fold-change was equal to 3.3 (P<10
-4

) (Figure 1).  

The significance of homocysteine concentration 

with increased expression level of H19 in plasma 

It was observed that some of the patients have 

normal range of plasma homocysteine, therefore, 

patients were divided into two groups including 

those with normal range of homocysteine (6-12 

mmol/ml) and individuals with abnormal level of 

homocysteine (>12 mmol/mL). Comparing the 

relative expression in two groups showed that the 

increased levels of homocysteine was significantly 

associated with higher expression values of H19 

(Figure 2) (P = 0.002). 

Regarding lipid profile association with H19 

expression level, no statistical association was 

observed between LDL, HDL and cholesterol level 

and H19 expression level (P>0.05) (data not shown).  
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Fig. 2. The association of homocysteine concentration with relative expression of H19 in plasma of atherosclerotic patients. Data are 

presented as mean±SD. The asterisk”***” indicates the statistical significance less than 10-3. 

Fig. 3. ROC curve analysis. Overall ability of plasma H19 expression level to discriminate the atherosclerotic patients from non-

atherosclerotic individuals by computing the AUC index in ROC curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Increased level of H19 in plasma can be 

considered as a biomarker for atherosclerosis 

The ROC curve is indicated in Figure 3. The 

calculated AUC was equal to 0.88 ± 0.05 for H19 

which shows that the  increased level of H19 in 

plasma of patients can discriminate these 

individuals from normal counterparts at cutoff point 

of 0.3 (sensitivity = 70% and specificity = 94%, P = 

0.0001).  

 

Discussion 

Tissue specific feature of lncRNAs besides 

their presence in body fluids including saliva, urine, 

and bloodstream made these lengthy transcripts as 

novel and promising biomarkers of diseases (22). 

Additionally, lncRNAs are stable transcripts 

probably due to their broad biological functions in 

the cells (23). The lncRNA H19 was previously 

reported as noncoding transcript which is 

preferentially expressed in heart tissue, so it is not 

surprising if its altered expression was connected 

with cardiovascular diseases (24). In addition, 

during cardiac muscle injuries, cardiac cells become 

leaky and release their contents into the 

bloodstream (16). This is why cardiac-specific 

molecules are great candidates as biomarkers of the 

heart diseases. About half of all myocardial 

infarctions are caused by atherosclerosis which is 

partly due to narrowing and hardening of the 

vessels, and restriction of the blood flow. This 
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Abnormal Hsys. 

(>12 mmol/L) 

R
el

at
iv

e 
ex

p
re

ss
io

n
 (

2
^
-d

C
t)

 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
9.

2.
12

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

8-
23

 ]
 

                               5 / 8

https://www.webmd.com/heart-disease/what-is-atherosclerosis
http://dx.doi.org/10.22088/IJMCM.BUMS.9.2.122
https://ijmcmed.org/article-1-1266-en.html


The long noncoding RNA H19 and myocardial infarction 

 

127   Int J Mol Cell Med Spring 2020; Vol 9 No 2 

eventually leads to rupture of cardiac cells, and 

cardiac muscle cells necrosis (25-27). The RNA 

biomarkers are recently in the attention of 

researchers as these molecules can be easily 

quantified by molecular methods like realtime-

PCR. The latter feature is valuable as the protein-

based methods for plasma samples are very 

expensive probably due to the antibodies’ cost (28). 

The present study is the first pilot report 

showing the importance of lncRNA H19 in patients 

suffering from atherosclerosis. The 3.2-fold 

increased level of lncRNA H19 was observed in the 

plasma of patients with atherosclerotic vessels in 

comparison with the normal counterparts. In a 

similar study , Zhang et al. showed that H19 and 

long intergenic noncoding RNA predicting 

cardiac remodeling (LIPCAR) increased in plasma 

of CVD patients  (29). Myocardial infarction was 

diagnosed through electrocardiogram (ECG) in all 

of the included patients in this study and the blood 

samples were collected immediately before any 

drug medications. The obtained data showed that 

the abnormal level of homocysteine was directly 

connected with high expression score of H19 in 

patients. In other words, the patients with high 

plasma level of homocysteine showed high 

expression level of H19 in comparison with patients 

with normal range of homocysteine. It has 

previously been demonstrated that the increased 

level of homocysteine in plasma can promote 

atherosclerosis through the induction of oxidative 

responses or endothelial dysfunction (30). Castro et 

al. showed that homocysteine concentration can 

modulate the expression level of H19 in endothelial 

cells (31). In a study on cystathionine-beta-synthase 

(Cbs) gene deficient mice by Delvin and his 

colleagues, they showed that hyperhomoc-

ysteinemia led to 2.5 fold increase in H19 

expression through its impact on differentially 

methylated domain  methylation in aorta and the 

level of H19 transcripts was positively correlated 

with plasma homocysteine concentration (32).  Li et 

al. consequently found that homocysteine induces 

the hypomethylation of the sixth CCCTC-binding 

factor (CTCF)-binding sites located upstream of 

H19 gene (15). The CTCF regions are the crucial 

regulatory sites to control the imprinting expression 

of insulin-like growth factor 2  (IGF2) and H19 

genes (33). We also observed that such increase in 

H19 level led to 70% sensitivity and 94% 

specificity to discriminate atherosclerotic 

individuals from non-atherosclerotic ones. These 

data demonstrate that plasma H19 level can be 

considered as a potential biomarker of myocardial 

infarction. However, there are still some limitations 

connected to this study to generalize results. 

Totally, 32 cases and 30 control samples were 

collected through 1 year based on angiography. 

This sample size was inadequate for statistical 

analysis especially in case of subgroup analysis, 

and may affect and hide the significance of the 

results. As an example, only two cases with normal 

range of homocysteine existed among 

atherosclerotic cases. In conclusion, the results of 

the present study, for the first time, demonstrated 

that the expression level of H19 in plasma can be 

considered as a biomarker of myocardial infarction, 

although more experiments are needed.  

Acknowledgement 

The authors acknowledge the contribution of 

all our research members in this study especially 

Dr. Hamid Moradzadegan at Pasteur Medical 

Laboratory of Ahvaz for his generous assistance 

during the project study.  

Conflict of Interest 

Authors declare no conflict of interest. 

 

References 

1. Barquera S, Pedroza-Tobias A, Medina C, et al. Global 

Overview of the Epidemiology of Atherosclerotic 

Cardiovascular Disease. Arch Med Res 2015;46:328-38. 

2. Insull W, Jr. The pathology of atherosclerosis: plaque 

development and plaque responses to medical treatment. Am J 

Med 2009;122:S3-S14. 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
9.

2.
12

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

8-
23

 ]
 

                               6 / 8

http://dx.doi.org/10.22088/IJMCM.BUMS.9.2.122
https://ijmcmed.org/article-1-1266-en.html


Safaei SH et al. 

 

Int J Mol Cell Med Spring 2020; Vol 9 No 2   128 

3. Gus I, Fischmann A, Medina C. Prevalence of risk factors for 

coronary artery disease in the Brazilian State of Rio Grande do 

Sul. Arq Bras Cardiol 2002;78:478-90. 

4. Tao L, Bei Y, Zhou Y, et al. Non-coding RNAs in cardiac 

regeneration. Oncotarget 2015;6:42613-22. 

5. Singh RB, Mengi SA, Xu YJ, et al. Pathogenesis of 

atherosclerosis: A multifactorial process. Exp Clin Cardiol 

2002;7:40-53. 

6. Kung JT, Colognori D, Lee JT. Long noncoding RNAs: past, 

present, and future. Genetics 2013;193:651-69. 

7. Birgani MT, Hajjari M, Shahrisa A, et al. Long Non-Coding 

RNA SNHG6 as a Potential Biomarker for Hepatocellular 

Carcinoma. Pathol Oncol Res 2018;24:329-37. 

8. Jiang X, Ning Q. The emerging roles of long noncoding 

RNAs in common cardiovascular diseases. Hypertens Res 

2015;38:375-9. 

9. Shi T, Gao G, Cao Y. Long Noncoding RNAs as Novel 

Biomarkers Have a Promising Future in Cancer Diagnostics. Dis 

Markers 2016;2016:9085195. 

10. Cheetham SW, Gruhl F, Mattick JS, et al. Long noncoding 

RNAs and the genetics of cancer. Br J Cancer 2013;108:2419-

25. 

11. Banet G, Bibi O, Matouk I, et al. Characterization of human 

and mouse H19 regulatory sequences. Mol Biol Rep 

2000;27:157-65. 

12. Arima T, Matsuda T, Takagi N, et al. Association of IGF2 

and H19 imprinting with choriocarcinoma development. Cancer 

Genet Cytogenet 1997;93:39-47. 

13. Gabory A, Jammes H, Dandolo L. The H19 locus: role of an 

imprinted non-coding RNA in growth and development. 

Bioessays 2010;32:473-80. 

14. Petry CJ, Ong KK, Barratt BJ, et al. Common polymorphism 

in H19 associated with birthweight and cord blood IGF-II levels 

in humans. BMC Genet 2005;6:22. 

15. Li L, Xie J, Zhang M, et al. Homocysteine harasses the 

imprinting expression of IGF2 and H19 by demethylation of 

differentially methylated region between IGF2/H19 genes. Acta 

Biochim Biophys Sin (Shanghai) 2009;41:464-71. 

16. Baird MF, Graham SM, Baker JS, et al. Creatine-kinase- and 

exercise-related muscle damage implications for muscle 

performance and recovery. J Nutr Metab 2012;2012:960363. 

17. Spornraft M,  Kirchner B, Haase   B, et al.   Optimization   of 

extraction of circulating RNAs from plasma--enabling small 

RNA sequencing. PLoS One 2014;9:e107259. 

18. Karatayli E, Altunoglu YC, Karatayli SC, et al. Free 

circulating nucleic acids in plasma and serum as a novel 

approach to the use of internal controls in real time PCR based 

detection. J Virol Methods 2014;207:133-7. 

19. Hill WD, Davies G, Liewald DC, et al. Examining non-

syndromic autosomal recessive intellectual disability (NS-ARID) 

genes for an enriched association with intelligence differences. 

Intelligence 2016;54:80-9. 

20. Chroni A, Leondaritis G, Karlsson H. Lipids and lipoproteins 

in atherosclerosis. J Lipids 2011;2011:160104. 

21. Mayer EL, Jacobsen DW, Robinson K. Homocysteine and 

coronary atherosclerosis. J Am Coll Cardiol 1996;27:517-27. 

22. Khurana R, Ranches G, Schafferer S, et al. Identification of 

urinary exosomal noncoding RNAs as novel biomarkers in 

chronic kidney disease. RNA 2017;23:142-52. 

23. Clark MB, Johnston RL, Inostroza-Ponta M, et al. Genome-

wide analysis of long noncoding RNA stability. Genome Res 

2012;22:885-98. 

24. Gao W, Zhu M, Wang H, et al. Association of 

polymorphisms in long non-coding RNA H19 with coronary 

artery disease risk in a Chinese population. Mutat Res 

2015;772:15-22. 

25. Kittner SJ, Singhal AB. Premature atherosclerosis: a major 

contributor to early-onset ischemic stroke. AAN Enterprises 

2013;1272-73. 

26. Buja LM. Myocardial ischemia and reperfusion injury. 

Cardiovasc Pathol 2005;14:170-5. 

27. Anzai T, Ogawa S, Motomiya T, Nonogi H, Yasue H, 

Ogawa N, et al. Acute myocardial infarction. 2001. 

28. Kohler K, Seitz H. Validation processes of protein 

biomarkers in serum--a cross platform comparison. Sensors 

(Basel) 2012;12:12710-28. 

29. Zhang Z, Gao W, Long QQ, et al. Increased plasma levels of 

lncRNA H19 and LIPCAR are associated with increased risk of 

coronary artery disease in a Chinese population. Sci Rep 

2017;7:1-9. 

30. Guthikonda S, Haynes WG. Homocysteine: role and 

implications in atherosclerosis. Curr Atheroscler Rep 

2006;8:100-6. 

31. Castro R,    Gomes AQ,     Rocha   MS,    et al.   Effect   of 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
9.

2.
12

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

8-
23

 ]
 

                               7 / 8

http://dx.doi.org/10.22088/IJMCM.BUMS.9.2.122
https://ijmcmed.org/article-1-1266-en.html


The long noncoding RNA H19 and myocardial infarction 

 

129   Int J Mol Cell Med Spring 2020; Vol 9 No 2 

extracellular homocysteine on H19 expression in HUVEC. J 

Inherit Metab Dis 2007;30:28-28. 

32. Devlin AM, Bottiglieri T, Domann FE, et al. Tissue-specific 

changes in H19 methylation and expression in mice with 

hyperhomocysteinemia. J Biol Chem 2005;280:25506-11. 

33. Sasaki H, Ishihara K, Kato R. Mechanisms of Igf2/H19 

imprinting: DNA methylation, chromatin and long-distance gene 

regulation. J Biochem 2000;127:711-5. 

 

 

 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
9.

2.
12

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

8-
23

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.22088/IJMCM.BUMS.9.2.122
https://ijmcmed.org/article-1-1266-en.html
http://www.tcpdf.org

