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ABSTRACT. Recently, studies on the pathogenesis of dilated 
cardiomyopathy (DCM) have focused on the underlying molecular biology 
and the association between single nucleotide polymorphisms (SNPs) and 
disease. This study was designed to explore the association between the 
rs4641 SNP of the LMNA gene and DCM in order to identify a new gene 
locus related to DCM. Polymerase chain reaction-restriction fragment length 
polymorphism and DNA sequencing were employed to detect and genotype 
rs4641 in 198 patients with DCM and 160 healthy controls. Genotype 
and allele frequencies were compared to discover their relationship and 
logistic regression was used to assess the risk of DCM associated with 
the polymorphic variants. In the DCM group, the frequencies of the TC 
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and TT genotypes and the T allele of rs4641 were remarkably higher than 
those in the control group (P < 0.01). According to risk analysis, taking the 
CC genotype as a reference, both the TC and TT genotypes increased 
the risk of DCM pathogenesis, with OR (95%CI) values of 5.957 (2.903-
12.222) and 6.424 (2.156-19.141), respectively. Taking the C allele as the 
reference, presence of the T allele was found to increase DCM risk, with 
OR (95%CI) of 5.295 (3.121-8.983). These results suggested that the C to 
T mutation at the rs4641 locus of LMNA could enhance the risk of DCM, 
and that rs4641 represented a genetic susceptibility locus. Therefore, it 
was concluded that the LMNA rs4641 SNP was associated with DCM risk, 
which indicated that LMNA is a susceptibility gene for DCM.
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INTRODUCTION

Dilated cardiomyopathy (DCM) is one of the most common primary cardiac diseases, in 
which the left ventricular or, simultaneously, the left and right ventricular progressive expansion 
and contraction functions are reduced. DCM exhibits clinical phenotype diversity and genetic 
heterogeneity (Kim et al., 2014). The main clinical manifestations of DCM are heart failure, various 
arrhythmias, and cardiac embolism events, which might occur in the course of the disease at any 
time with a dismal prognosis (Yoshikawa et al., 2009). The onset of DCM is slow and this disease 
occurs mainly in men; it is rarely seen in women. The ages of onset in the population are between 
20 and 50 years old, however, the age distribution becomes younger and the rate of this disease is 
increasing (Firuzi et al., 2013). At present, the pathogenesis of DCM remains unclear and the World 
Health Organization has defined DCM as a form of compound cardiomyopathy with involvement 
of both genetic and non-genetic factors (Maron et al., 2006). However, recent molecular genetic 
studies have confirmed the increasingly obvious primary role of genetic factors in the pathogenesis 
of DCM (Li et al., 2014; Matsa et al., 2014).

The LMNA gene is located on chromosome 1q21.2-q21.3 and is composed of 12 exons. 
LMNA produces the major lamin A and C proteins, and the minor A∆10 and C2 proteins by alternative 
splicing within exon 10, which are differentially expressed in a developmentally and tissue specific 
manner (Röber et al, 1989; Lin and Worman, 1993). At present, 458 different mutations from 2206 
individuals have been identified in the LMNA gene (www.umd.be/LMNA).These mutations can be 
de novo or heritable, with a gain- or loss-of-function effect, and with severity ranging from minor 
arrhythmia arising in adolescence to a neonatal lethal tight skin condition (Zaremba-Czogalla et 
al., 2011). Lamin A/C is a structural protein of the nuclear envelope and cardiac involvement with 
Lamin A/C mutation was one of the first phenotypes to be reported in humans and suggested a 
crucial role of this protein in cardiomyocyte function (Carmosino et al., 2014). One study showed 
that approximately a third of DCM with atrioventricular block was caused by LMNA gene mutations, 
which indicated that the gene mutations could be considered as an important factor for DCM onset 
(Song et al., 2007). To date, numerous mutations within the LMNA gene locus have been suggested 
to lead to DCM (Taylor et al., 2003; Vytopil et al., 2003; Kärkkäinen et al., 2004; Ben Yaou et al., 
2005); however, the exact mechanism remains to be elucidated.

This study focused on the single nucleotide polymorphism (SNP) C1698T (rs4641) 
of the LMNA gene that represents a C-to-T nucleotide change located in the ninetieth base 
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of exon 10. Through discussing the correlation between SNP rs4641 and DCM, we aimed 
to identify the role played by SNPs of the LMNA gene in the process of DCM occurrence. 
We expected that this study would provide the relevant experimental basis and theoretical 
foundation for this determination.

MATERIAL AND METHODS

Study objects

Patient group

We selected 198 patients diagnosed with non-familial DCM in the Taishan Medical College 
Affiliated Hospital of Laiwu City People’s Hospital from June 2011 to March 2014 for this study. 
These consisted of 152 men and 46 women, from 19 to 85 years of age with a mean age of 54 ± 
11.5 years. According to the DCM diagnostic criteria established by the World Health Organization 
and the International Association of Cardiology in 2006, diagnosis exclusion criteria included any of 
the following items: hypertension, coronary heart disease, valvular heart disease, cardiac disease, 
perinatal cardiomyopathy, clear history of viral myocarditis, endocrine and metabolic disorders (such as 
diabetes, pheochromocytoma, thyroid disease, Cushing’s syndrome), systemic disease (sarcoidosis, 
autoimmune disease), tumor, skeletal muscle disease, or a long history of heavy drinking.

Control group

A total of 160 healthy controls randomly selected from hospital outpatient clinics included 
118 men and 42 women, from 15 to 84 years with a mean age of 52 ± 15.1 years. No statistical 
differences existed in age or gender between the patient and control groups (P < 0.05).

All participants in both groups voluntarily joined this study and signed informed consents. 
This research was approved by the Clinical Trials and Biomedical Ethics Committee of the Taishan 
Medical College Affiliated Hospital of Laiwu City People’s Hospital.

Experimental methods

Genomic DNA extraction

We extracted 3mL fasting venous blood from all patients and healthy controls. We used 0.5 
mM ethylenediaminetetraacetic acid to keep the blood from clotting. Genomic DNA was extracted 
using standard phenol-chloroform DNA extraction methods.

Primer design

The nucleotide sequence of exon 10 of the LMNA gene was obtained from GenBank (Gene 
ID: 4000, accession No. NC_000001.11). Polymerase chain reaction (PCR) primers were designed 
by the Primer Premier 5.0 software (http://www.premierbiosoft.com/primerdesign/) and synthesized 
by Shanghai Sangon Biological Co., Ltd. (Shanghai, China). Primer sequences were as follows: 
forward 5'-TGCTGTACAACCCTTCCCTGG-3', reverse: 5'-GGGTTCCCTGTTCAA GGTATA-3'.
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PCR-restriction fragment length polymorphism (RFLP)

The PCR system totaled 25 μL and contained 20 ng DNA template, 1 μL 10 pM forward 
and reverse primers respectively, 2.0 μL 2.5 mM dNTP mixture, 12.5 μL 2X GC buffer, 0.2 μL 5 U/
μL LA-Taq DNA polymerase (BioTeke Corporation, Beijing, China), and 7.3 μL ddH2O. PCR was 
carried out as follows: denaturation at 94°C for 5min, followed by 32 cycles at 94°C for 30 s, 55°C 
for 30 s, 72°C for 2 min, and a final extension at 72°C for 10 min. The PCR product was digested 
with Pm1I endonuclease at 37°C in a water bath for 4 h. Then, the digested samples were detected 
by 1.8% agarose gel electrophoresis. According to the observed cleavage pattern of the DNA 
fragments, the LMNA genotype was defined as CC, TT, or CT.

Sequence identification

A fraction of the PCR product was sent to Invitrogen Corporation (Carlsbad, CA, USA) for 
sequencing. The DNAMAN software (http://www.lynnon.com/) was adopted to produce alignments 
of the sequencing results and the templates.

Statistical analysis

The proportions of genotype and allele frequencies among the patients and controls were 
calculated by a direct counting method. Data analysis was performed by adopting the SPSS17.0 
software (SPSS, Chicago, IL, USA). The χ2 test was employed to compare genotype and allele 
frequencies among groups. Logistic regression was adopted to perform risk analysis. Statistical 
significance was defined as P < 0.05.

RESULTS

Genotyping

From the results of PCR-RFLP (Figure 1) and sequencing, it could be seen that three 
genotypes could be identified for the LMNA rs4641 loci: CC, CT, and TT. CC homozygotes 
carried the Pm1I restriction site (CAC|GTG) and could produce DNA fragments of 123 and 90 
bp after enzyme digestion. CT heterozygotes also had this site at one locus and produced three 
DNA fragments: 213, 123, and 90 bp. TT homozygotes had no such site and only produced 213 
bp DNA fragments.

Test for goodness of fit

In order to confirm whether the rs4641 genotype frequencies of the samples conformed 
to Hardy-Weinberg equilibrium, a test for goodness of fit was performed, respectively, in the 
DCM and control groups and in a combination of the two groups (combination group). The 
results showed that the expected values of genotype coincided best with the observed values 
in these three groups, indicating that the genotype distribution in both the DCM and control 
groups accorded with Hardy-Weinberg equilibrium and samples were representative of the 
population (Table 1).
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Figure 1. Detection of LMNA gene polymorphism by PCR-RFLP. Lane 1: 50-bp DL 2000 Marker; Lane 2: CC 
genotype; Lane 3: TT genotype; Lane 4: CT genotype. PCR-RFLP, polymerase chain reaction-restriction fragment 
length polymorphism.

Table 1. Hardy-Weinberg equilibrium test of rs4641.

Genotype         DCM group (N = 198)    Control group (N = 160)   Combination group (N = 358)

 Observed Expected Ʃχ2 P Observed Expected Ʃχ2 P Observed Expected Ʃχ2  P
 value value   value value   value value

CC 125 118   146 148   271 266  
TC   51   48     10     8     61   56  
TT   22   32 0.108 0.948    4     4 1.546 0.989   26   36 0.023 0.462

Association analysis between SNP rs4641 and DCM

The genotype frequencies of CC, TC, and TT in the DCM group were 63.13, 25.76, and 
11.11%, respectively, and in the control group were 91.25, 6.25, and 2.5%. The difference of the 
genotype distributions between the two groups was of statistical significance (χ2 = 63.533, P = 
0.000). Taking the CC genotype as the reference, the risk of DCM in patients with the TC and TT 
genotypes was increased (P < 0.01), and the relative risk ratios were 5.957 (2.903-12.222) and 
6.424 (2.156-19.141) (Table 2).

Table 2. Distribution of genotypes in rs4641 locus.

Genotype DCM group(%) Control group(%) χ2 value P OR (95%CI)

CC 125 (63.13) 146 (91.25) - - 1
TC   51 (25.76) 10 (6.25) 28.082 0.000 5.957 (2.903-12.222)
TT   22 (11.11) 4 (2.5) 14.060 0.000 6.424 (2.156-19.141)
TC + TT   73 (36.87) 14 (8.75) 38.034 0.000 6.090 (3.277-11.318)
 χ2 = 63.533 , P = 0.000
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Distributions of the rs4641C and T alleles between the DCM and control groups were 
remarkably different and the difference was significant (χ2 = 44.910, P = 0.000). The T allele frequency 
(23.99%) in the DCM group was apparently higher than that in the control group (5.63%). The T allele 
significantly increased the risk of DCM with OR (95%CI) of 5.295 (3.121-8.983) (Table 3).

Table 3. Distribution of alleles in rs4641 locus.

Allele DCM group (%) Control group (%) χ2 P OR (95%CI)

C 301 (76.01) 302 (94.38)   
T   95 (23.99) 18 (5.63) 44.910 0.000 5.295 (3.121-8.983)

DISCUSSION

Fatkin et al. (1999) first reported the connection between LMNA gene mutation and 
DCM combined with disorders of the cardiac conduction system. According to some statistics, 
the pathogenic gene underlying approximately 5% of familial DCM is LMNA, which is identified 
as DCMIA and exhibits autosomal dominant inheritance. The main presentation of familial DCM 
is DCM with abnormalities of cardiac conduction system that is related to age. In addition, DCM is 
associated with abnormal electrophysiology caused by conduction disturbances of the sinoatrial 
and atrioventricular nodes, among others (Perrot et al., 2009). DCM caused by LMNA gene 
mutation is characterized by early onset of atrioventricularblock prior to the manifestation of DCM; 
accordingly, high sudden death rate and malignant arrhythmia are common causes of death (Taylor 
et al., 2003; Kärkkäinen et al., 2004). Many scholars believe that DCM caused by LMNA gene 
mutation has a worse prognosis than do other etiologies (Mercuri et al., 2005; Sylvius et al., 2005).
However, the pathogenesis of DCM remains unknown.

In recent years, as increasing amounts of research on DCM is performed, approximately 
40 LMNA gene mutation loci have been found to cause DCM associated with abnormal conduction 
system; these are distributed over the 12 exons of the gene (Mercuri et al., 2005). Mutations E161K 
and R377H could result in the inability of the lamin A protein monomer to polymerize into nuclear 
lamina protein (Sébillon et al., 2003). Arbustini et al. (2002) found that K97E, E111X, R190W, 
and E317K were related to DCM, and their results suggested that approximately 33% of patients 
with DCM and atrioventricular block carried an LMNA gene mutation. Results of the research of 
Kärkkäinen et al. (2004) showed that the S143P mutation played a marked role in the occurrence of 
DCM. Hershberger et al. (2002) investigated a genealogy with DCM and found that approximately 
40% of the members carried the L215P mutation on exon 4, although analysis of LMNA gene 
mutation function could not completely clarify the mechanism by which this variant led to DCM. 
Overall, the presence of SNPs in LMNA is expected to become a clinical predictor of DCM.

Correlation between the C1698T polymorphism of the LMNA gene and DCM has not 
previously been reported. Here, this study detected the genotypes of C1698T (rs4641) in exon10 
of LMNA in 358 participants using PCR-RFLP and gene sequencing. Results showed that although 
C1698T is a silent mutation and does not cause an amino acid change, the TC and TT genotype 
and the T allele frequencies at the C1698T loci of patients with DCM were obviously higher than 
those of healthy controls. Using the CC genotype as the reference, the CT and TT genotypes could 
significantly increase the risk of DCM onset and the T allele was determined to convey disease risk. 
Together, these findings indicated that this locus polymorphism might have a certain correlation with 
the risk of DCM. A potential mechanism for this effect might be that the C1698T variant, located on 
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exon 10, could produce both lamin A and lamin C by alternative splicing. Therefore, C1698T might 
affect selective alternative splicing and lead to changes of mRNA content and protein levels.

Genetic factors play an important role in the occurrence and development of DCM and 
it is of importance to identify the etiology and pathogenesis of DCM at the gene level. Detection 
of SNPs represents a new strategy for the diagnosis and therapy of DCM that will facilitate early 
diagnosis, early prevention, and individualized treatment of this disorder. 
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