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Abstract. This review is devoted to the description of genetic changes, pathogenetic 

mechanisms and pathophysiology of hypertrophic cardiomyopathy based on the analysis of the 

latest published data. The current data on the role of identified numerous mutations of structural, 

structural and regulatory sarcomere proteins in the pathogenesis of cardiomyopathy are 

presented. The main hypotheses of the pathogenetic process are highlighted, special attention is 

paid to the violation of the regulation of calcium metabolism. The importance of genetic testing in 

patients with hypertrophic cardiomyopathy and their relatives is emphasized.  
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Hypertrophic cardiomyopathy (HCM) is an inherited heart muscle disease characterized 

by severe hypertrophy of the predominantly left ventricle (LV) with the absence of dilation of the 

heart chambers without signs of other cardiac pathology or systemic diseases responsible for the 

development of hypertrophy [1–4]. On average, the prevalence of HCMP is estimated as 1:500 

people [1, 4]. Despite the simple definition and relatively simple diagnosis of this form of 

cardiomyopathy, interest in its study continues to grow, due to a number of reasons. In particular, 

to date, more than 1400 different gene mutations have been identified in patients with HCMP, 

mainly sarcomere proteins, which suggests the presence of genetic heterogeneity of this disease 

[4-6]. Since the first description of the mutation of the myosin heavy chain gene, there has been a 

kind of “research breakthrough defining the genetic substrate of the disease, accompanied by 

significant optimism and expectations that mutation analysis will be able to revolutionize the idea 

of HCMP in terms of diagnosis, prediction of the clinical course, as well as the direction of 

treatment of this pathology” [5]. However, numerous gene mutations discovered do not allow us 

to answer a number of important questions. In particular, no reliable correlations were found 

between genetic defects and variants of phenotypic manifestations of the disease. 

It is still unclear why, despite the hereditary type of cardiomyopathy, not all cases of 

identified genetic defects and not all direct relatives of patients have the development of GCMP. 

Even a new category of patients has been designated: “genotype-positive and phenotype-negative” 

[7, 8]. Moreover, the question of time and factors determining the clinical manifestations of the 

disease in cases of detection of genetically mutated sarcomere proteins at birth and during life 

remains unclear. An accurate and complete understanding of the pathophysiological features of 

HCMP is necessary to understand the clinical picture of the disease, its timely diagnosis, 

monitoring of the development process and, above all, the development of adequate therapeutic 

approaches. This review is devoted to the description of genetic changes, pathogenetic 

mechanisms and pathophysiology of HCMP based on the analysis of the latest published data. 

Genetic changes in 1990, a mutation -myosin heavy chain gene (MYH7) was first described, which 

for some time of the was considered the only cause of the development of this form of 

cardiomyopathy [9]. After a little less than a quarter of a century of intensive searches, a very 
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      “extensive and stunning heterogeneity of the genetic substrate of HCMP” was discovered [5]. To 

date, at least 13 patients with HCMP have been identified genes with more than 1400 mutations 

expressed mainly or exclusively in the heart tissues causing this disease [5, 8]. Genetic testing of 

the 10 most frequently encountered genes makes it possible to make a genetic diagnosis in about 

60% of patients, family members of patients with HCMP, and the detected gene mutations are 

responsible for coding in the main proteins of thick and thin myofilaments. In patients with a 

positive genetic test, mutations of proven or doubtful pathogenicity were found in about 70-80% 

of cases in the two most common genes — the heavy chain -myosin (MYH7) and myosin-

binding protein C (MYBCP3), while mutations of other -genes, including troponin T, troponin 

I,  -cardiac actin, are responsible for the pathologytropomyosin and  of only a small part of 

patients (1-5%) [5, 6, 12, 13]. Interestingly, to date, no reliable correlations have been found 

between gene mutations and the corresponding phenotypic phenomena of the disease, which is 

probably due to the genetic and clinical heterogeneity observed in HCMP [12, 14, 15]. 

Nevertheless, it is believed that a more severe course of cardiomyopathy, estimated by the 

frequency of cardiovascular mortality, cerebral circulation disorders, disease progression and 

severity of LV systemic dysfunction, is more often observed in patients with HCMP with 

sarcomere mutations than among patients without identified genetic defects [14, 16]. Moreover, 

patients with more than one mutation (approximately 5% of all cases) have a more severe course 

of the disease, especially in the presence of triple mutations and homozygosity [17]. Mutations of 

genes encoding molecules that interact with sarcomere proteins have been studied in detail in 

recent years for their relationship with HCMP [14]. At the same time, much attention is focused 

on the proteins represented in the Z-disk connecting the sarcomeres with each other. To date, 

changes in the genes encoding, in particular, titin (TTN), muscle protein LIM (CSRP), teletonin 

(TCAP) and myosein 2 (MYOZ2), causing the development of the disease, have already been 

identified [6, 13, 18]. In some cases, functional studies of newly discovered variants of the 

sequence of amino acid residues mean that they disrupt the interaction in the chain “protein-

protein". For example, damaged titin residues found in HCMP demonstrate high binding affinity 

to actinin or cardiac ankyrin R, which plays an important role in the processes of recovery and 

regeneration of muscle tissue in response to stress and damage [14]. There is uncertainty in 

determining the relationship of specific mutations, mainly the MYH7 gene, with variants of 

clinical manifestations of the disease. Whatever terms of these mutations are used - “malignant”, 

“benign", “more severe” phenotype at the onset of cardiomyopathy at a young age, severe LV 

hypertrophy or a high risk of sudden cardiac death (SCD) - their widespread introduction into 

clinical practice is considered premature. These definitions were obtained mainly according to the 

data of the conducted studies performed with significant limitations: a small population of patients, 

a low frequency of registration of a particular mutation in relation to the clinical group. 

Despite the huge number of identified mutations in patients with HCMP and their family 

members, the question remains how these changes can cause the development of the disease. In 

particular, it remains a mystery how a single nucleotide substitution in a sarcomere protein leads 

to the development of HCMP. It is also unclear why clinical manifestations of the disease occur 

many years later, despite the expression of the mutated protein already at birth or at the beginning 

of human life. It is noted that in “genotype-positive” individuals, LV hypertrophy may develop by 

the sixth or seventh decade of life, and some carriers of HCMP mutations do not occur at all [4, 7, 

21]. 
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      Pathogenetic mechanisms. Several pathogenetic hypotheses have been proposed to explain 

the relationship between sarcomere gene mutations and the development of HCMP. Thus, 

experimental models and recently obtained analyses of cardiac tissue sections of healthy 

volunteers and individuals suffering from this cardiomyopathy indicate a decrease in the level of 

myosin-binding protein C in cardiac tissue with a missense mutation of MYBPC3 amino acid 

residues or a shortened mutation [22]. These data allow us to assume that haplon-sufficiency of 

MYBPC3 or a decrease in the amount of a functionally complete protein due to a dominant mutant 

gene inactivating one allele is one of the pathological mechanisms of HCMP. On the other hand, 

studies of most other sarcomere mutations mean that at normal protein levels, their function is 

changed. Bio- physical properties of mutated sarcomeres MYH7, are characterized by a significant 

enhancement of their function. At the same time, myosin proteins containing mutations typical of 

HCMP cause an increase in ATP-az activity, the generated contraction force and increased sliding 

of actin filaments [14]. Cardiac Troponin 2 mutation (TNNT2) has a similar effect: it is 

accompanied by the activation of ATP-aza and an increase in strength abbreviations of sarcomeres 

[23]. The consequences of the altered biophysical properties of contractile proteins can directly 

affect the performance of sarcomeres, the cellular biology of myocytes and energy processes in 

the myocardium. Due to the simultaneous presence of both mutated and normal proteins in 

sarcomas, regulated contractility can become disorganized. Biophysical changes in mutated 

sarcomeres cause disturbances of intracellular calcium metabolism (Ca 2+), predisposing to the 

occurrence of arrhythmias, which is confirmed by experimental and clinical data [24, 25]. 

Increased ATPASE activity due to sarcomere mutations may also cause a higher myocardial 

energy demand, with inadequate replenishment of which accelerated myocyte death occurs with 

the formation of focal scar changes in the myocardium [26]. A violation of the regulation of 

intracellular Ca 2+, as the main modulator of myocyte contraction and relaxation, can activate 

hypertrophy and dysfunction of the myocardium exposed to stress [27]. Experimental models of 

GCMP reveal a change in the content of intracellular Ca 2+, including a decrease in its level in the 

sarcoplasmic reticulum and an increase in the concentration of cations in the diastole [23, 28]. 

Violations of the regulation of Ca 2+ under experimental conditions, hypertrophic remodeling of 

the myocardium precedes, and the results of long-term studies indicate that early pharmacological 

corrections that normalize the dysregulation of Ca 2+ metabolism slow down the development and 

severity of myocardial hypertrophy [14]. Recently F. Lan et al. (2013) suggested that disruption 

of Ca 2+ metabolism in general and an increase in its concentration inside the cell are central 

mechanisms in the pathogenesis of HCMP [24]. In connection with these biochemical and clinical 

data, the question arises which pathogenetic mechanisms are activated due to a violation of the 

regulation of Ca 2+ in myocytes in this disease. In recent years, a lot of scientific evidence has 

been accumulated confirming that mutations of sarcomere proteins, in particular thin filaments 

(for example, mutations of cardiac troponin T), actually increase the sensitivity of contractile 

elements to Ca 2+ and enhance the force of contraction [29, 30]. Biophysical analysis of mutated 

sarcomere proteins, which are “hypercontractile”, with overestimated energy costs for the 

production of contraction force, led researchers to a more specific hypothesis: the molecular basis 

of HCMP is represented by cellular energy deficiency, as a result of the uneconomical function of 

sarcomeres [30, 31]. Altered biophysical forces and an imbalance of intracellular Ca 2+ in 

myocytes, along with increased energy requirements, expose myocytes to increased stress in 

GKMP. Among the hypotheses explaining the relationship between mutations of sarcomere 
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      proteins and the development of morphological changes in HCMP, the following is considered the 

most convincing.  

Mutations cause violations of myocyte contractility, which leads to diastolic and systolic 

myocardial dysfunction, causing increased stress of the walls of the ventricles, a decrease in shock 

volume and, in turn, activates stress-induced trophic and mitotic factors (angiotensin-converting 

enzyme 1, angiotensin 2, insulin, growth factor 1, transforming growth factor, interleukin-6 and 

endothelin). Thesetumor necrosis factor- factors contribute to an increase in the input of Ca 2+ 

into the cell and activation of transcription pathways, which lead to various histological and 

structural phenotypes of HCMP, including myocardial hypertrophy, multidirectional arrangement 

of myocytes and interstitial fibrosis [32]. 
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