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ABSTRACT

BACKGROUND: Intercellular gap junctions play a special role in the biology of cellular interactions. Their structural and
dispositional changes can affect some biological functions, including disruption of electrical pulse propagation, which is
primarily important for myocardial function.

AIM: The aim was to evaluate the morphological characteristics and localization of connexin 43-containing (Cx43*) gap —
junctions and to determine their association with changes in myocardial morphology of the interventricular septum and clinical
parameters in patients with hypertrophic cardiomyopathy.

MATERIALS AND METHODS: Morphometry and immunchistochemistry of interventricular septal myocardium were performed
in patients with hypertrophic cardiomyopathy (n = 62, aged 18 to 61 years) compared with subjects without cardiovascular
disease (n = 8, aged 25 to 54 years). Resection of the interventricular septum of the right ventricle was performed in patients
with hypertrophic cardiomyopathy. Cx43* gap junctions were identified in cardiomyocytes and their location and ultrastructural
arrangement were determined. The data obtained were compared with clinical parameters of patients with hypertrophic
cardiomyopathy.

RESULTS: In the interventricular septal myocardium of patients with hypertrophic cardiomyopathy, a redistribution of
Cx43+ gap junctions from intercalated discs to the lateral surfaces of cardiomyocytes was observed. Gap junction changes are
more frequent and more extensive in patients with hypertrophic cardiomyopathy than in the control group. They are typical of
patients with the most severe morphological and functional cardiac condition, as evidenced by echocardiographic data such as
significant thickening of the interventricular septum and a decrease in the volume of the left ventricular cavity. Morphologically
complex remodeling of the myocardium is manifested by hypertrophy of the cardiomyocytes and partial loss of their myofibrils.
Ultrastructurally, 28.1% of patients with hypertrophic cardiomyopathy had gap junction defects in the myocardium such as sites
of localized divergence of intercalated disc membranes and abnormal ring structures formed by invaginations of gap junction-
containing sarcolemma.

CONCLUSION: The location of Cx43* gap junctions on the lateral surfaces of cardiomyocytes and changes in their ultrastructure
suggest cardiomyocyte immaturity of the interventricular septum, which is typical of patients with hypertrophic cardiomyopathy
and may cause a disruption of the electromechanical coupling of the myocardium.
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Ponb KOHHeKcuHa 43 B peMoAeNIMpoBaHUM
MEXXKJ1IeTOYHbIX KOHTAaKTOB KapAWOMMUOLUTOB
npy runepTpodpuyecKon KapamMoMmonaTum
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AHHOTALMA

06ocHoBaHuMe. B 6ronornm KneTouHbIX B3aMMoAENCTBMIA 0c06YI0 POsib UrPaIOT MEXKIETOUHbIE LUeNeBble KOHTaKThI. 3MeHe-
HWe UX CTPYKTYPbI M PacnofoXeHUs MOXET MPUBECTU K U3MEHEHMIO psfa buonormueckux GyHKUMIA, B TOM YMCTIE K HapyLue-
HWI0 PacnpoCTPaHEHUs ANEKTPUYECKOro UMMYJIBCA, YTO B NMEPBYI 0Yepeb BaXHO 4518 paboTbl MUOKapAa.

Lenb — oueHKa Mophonornyecknx 0cobeHHOCTEN 1 NTIOKaNU3aLmMn KOHHEKCHH 43-coaepkalumx (Cx43") LweneBbix KOHTAKTOB
1 onpefeneHne UX B3aUMOCBSI3W C U3MEHEHUAMU MOPhOOTMM MUOKapa MEXKENYL0UKOBOI NEPErOPOAKU U KIIMHUYECKUMM
napaMeTpaMW NaLMEeHTOB C rMnepTpodUYecKoli KapAMoMUoNaTHeN.

Marepuansl u Metoapl. [lpoBefeHO MOpPPOMETPUYECKOE M UMMYHOTUCTOXUMUYECKOE MCCIE0BaHNE MUOKApAA MeXOKeny-
[,04KOBOV NEperopoaKmM NaLmeHToB ¢ runepTpoduyeckoin KapamomMmuonatuen (n=62, sospact ot 18 go 61 ropa) B cpaBHeHUU
C rpynnon nuu, 6e3 cepLeyHo-cocyaMcToin natonorum (n=8, BospacT ot 25 no 54 net). MaumeHTaM ¢ runepTpoduUUecKoi
KapAMoMMonaTHel BbINOSIHEHA PE3EKUMA MUOKApHa MEXCKENYL04KOBOM MEperopofiku Co CTOPOHbI MPaBOro enyfouka.
B kapavomuoumTax BbisBNeHbl Cx43*-1LeneBble KOHTaKThI, ONpefeneHa X JIOKanu3aums 1 ynbTpacTpYKTypHas opraHu3aums.
Mony4YeHHble faHHbIE COMOCTaBIEHbI C KITMHUYECKUMM NapaMeTpamMu NaLUMEHTOB C MUNEPTPOQUUYECKON KapanoMuonaTme.
Pe3ynbrathl. B MUOKapae MexokenyLo4KoBOW NeperopofKkv nauueHToB ¢ rUnepTpodUYecKon KapavomuonaTtueid obHapy-
}eHo nepepacnpegeneue Cx43*-LueneBblx KOHTaKTOB U3 BCTABOYHbIX AMCKOB Ha OOKOBbIE MOBEPXHOCTH KapAMOMUOLIMTOB.
N3MeHeHne noKanusaumu LieNeBbIX KOHTAKTOB BCTPeyaeTcs valle U B bonblieM 06bEMe y MauMeHToB C runeptpoduye-
CKOM KapAMOMWONaTMEN MO CPABHEHMIO C KOHTPOJILHOM FPYNMON U XapaKTepHO AfsA MaLMeHTOB C Haubonee TAKENbIM Mop-
(o-PyHKUMOHAMNBHBIM COCTOSHWEM CepfiLa, MO pe3ynbTaTaM 3XoKapauorpaguyeckoro obcneoBaHUs — €O 3HAYMTENbHBIM
YTOLLEHMEM MENCKENYAOYKOBOW MEPErOPOAKM M YMEHbLUEHMEM 00bEMA MOMOCTM NEBOT0 Xenynodka. Mopdonoruyecku
KOMM/IEKCHOe peMojeNnnpoBaH1e MUOKapAa NposBNSETCA B runepTpodui KapAMOMUOLIMTOB W SIBNEHUAX YaCTUYHOW YTpaThl
B HUX MModumbpunn. Ha ynbTpacTpyKTypHOM ypoBHe B MuoKapae 28,1% nauueHToB ¢ runepTpoduyecKoin KapamoMmonaTmeil
0bHapyeHbl AedeKThI LLeNeBbIX KOHTAKTOB: 30HbI NIOKAJIbHbIX PacX0X4eHui MeMOpaH BCTaBOYHOMO AMCKA KapaMOMUOLIMTOB
1 aHOManbHbIe KOJbLIEBbIE CTPYKTYpbI, 06pa30BaHHble MHBArMHALMAMM CapKOIEMMBbI, COLEPHKALLEN LLENEBbIE KOHTAKTI.
3aksnitoueHue. Pacnonoxerue Cx43*-LieneBbiX KOHTAKTOB Ha HOKOBbIX MOBEPXHOCTSX KAapAUOMUOLMTOB U U3MEHEHME WX Yb-
TPaCTPYKTYpbl ABASETCA NPU3HAKOM HE3PEeSioCTU KapaYOMMOLIMTOB MEXCKENYL0HYKOBOM NEPErOPOAKY, XapaKTepHbIM ANIA Na-
LIMEHTOB C rMNepTpoUIECKOi KapanoMMonaThei U MOXKET BbITb MPUYMHON HapyLLEHWS 3IEKTPOMEXaHUHECKOr0 COMpPSXKEHUS
MWOKapAa.

KnioueBble cnioBa: runeptpoduyeckas KapauoMUonaTmhs; KapanoMUOLIUTBI; MEXKIIETOUHbIE B3aUMOJEACTBMS; LeNeBble
KOHTAaKTbl; KOHHEKCHH 43.
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BACKGROUND

Intercellular gap junctions play a crucial role in cell-to-
cell communication. Alterations in their structure and function
can lead to changes in various biological processes, including
adhesion, invasion, and electrical conductivity, ultimately
affecting contractile function. Specific intercellular gap
junctions between cardiomyocytes (CMs) are essential for
electrical impulse conduction in the heart and synchronization
of myocardial contractions. Gap junctions are located along
the longitudinal segments of intercalated discs and ensure
the propagation of electrical impulses in intact myocardium
along the long axis of the CMs. The permeability of gap
junctions is regulated by changes in intracellular pH, calcium
ion concentration, and direct phosphorylation or ubiquitination
of connexins [1]. Being the primary component of ventricular
CM gap junctions, connexin 43 (Cx43) phosphorylation is
regulated by more than ten kinases and phosphatases,
influencing protein synthesis, assembly, and the electrical
conductivity of gap junctions [2]. In ventricular CMs, Cx43-
containing gap junctions are predominantly located within
intercalated discs, whereas in atrial CMs, they can also
be distributed along the lateral surfaces of myocytes [3].
Beyond the plasma membrane, Cx43 is localized to the inner
mitochondrial membrane, where it influences respiration and
reactive oxygen species production within the cell [1].

In neonatal CMs, the components of the intercalated disc,
which are gap junctions and desmosome-like contacts, are
dispersed throughout the cell surface and remain unlinked.
As CMs differentiate, these components aggregate and
relocate to the transverse ends of the cells, forming a fully
developed intercalated disc. The coordinated activity of all
intercalated disc components—connexins, desmosomes, and
desmosome-like adherens junctions (fasciae adherentes)—
is essential for maintaining mechanical coupling and
electrical impulse transmission between CMs. Disruptions
in these structures may contribute to both arrhythmias and
heart failure [4].

In the myocardium of patients with cardiovascular
pathology, Cx43-containing gap junctions have been observed
to relocate to the lateral surfaces of CM sarcolemma. Such
changes have been identified in patients with hypertrophic
cardiomyopathy (HCM) [5, 6], in the peri-infarct zone of
the left ventricle (LV) in ischemic heart disease (IHD)
[7], in arrhythmogenic cardiomyopathy [8], as well as in
experimental studies [4, 9, 10]. Lateralization of gap junctions
occurs as part of a broader cellular remodeling process and
is accompanied by the displacement of other intercalated disc
components [6].

AM

To assess the ultrastructure and localization of Cx43-
containing gap junctions and determine their relationship
with morphological changes in the interventricular septum
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(IVS) CMs and clinical myocardial parameters in patients
with HCM compared to the control group.

MATERIALS AND METHODS
Study design

A single-center, retrospective, observational, non-
randomized, controlled study was conducted.

Eligibility criteria

The inclusion criterion for adult patients with
obstructive HCM was an IVS thickness greater than 10 mm.
In the comparison group, which included individuals who
died from non-cardiovascular causes or fatal trauma, the IVS
thickness did not exceed 10 mm.

The exclusion criterion was the presence of severe
comorbidities of internal organs or the brain.

Study conditions

The myocardial specimens were obtained during surgical
procedures performed by Academician L.A. Bokeria, MD,
PhD, at the A.N. Bakulev National Medical Research Center
for Cardiovascular Surgery, Moscow, Russia.

Study duration

The material was collected as patients were enrolled
and was examined simultaneously according to the study
protocol.

Description of medical intervention

Patients with HCM underwent myocardial resection of
the IVS (myectomy) from the right ventricle, following the
surgical technique developed by L.A. Bokeria [11].

Primary study outcome

Immunohistochemical identification of Cx43-containing
gap junctions and electron microscopic examination of gap
junctions in IVS CMs.

Secondary study outcome

Morphometric characterization of the IVS myocardium,
including the assessment of CM diameter.

Group analysis

The study included patients with obstructive HCM and
individuals who had died from non-cardiovascular causes or
fatal trauma.

Registration of outcomes

For morphometric examination of the myocardium an
d immunohistochemical detection of Cx43-containing gap
junctions, myocardial tissue samples from the IVS were fixed
in 10% buffered formalin (pH 7.4, Bio-Optica, ltaly),
embedded in paraffin, and sectioned at 4-5 ym thickness.
The sections were then processed with: 3% hydrogen
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peroxide solution(H,0,), trypsin solution (Sigma, USA);
incubation with rabbit monoclonal antibodies against
human Cx43 (Sigma, USA), then incubation with HRP
Rabbit/Mouse solution (ChemMate™ DAKO EnVision™/HRP,
Rabbit/Mouse, DAKO, USA). The samples were developed
with 3,3'-tetrachloride diaminobenzidine (ChemMate™
DAB+ Chromogen, ChemMate™ Substrate Buffer,
DAKO, USA) until a brown color appeared, followed by
counterstaining with Mayer’s hematoxylin. As a negative
control, an immunohistochemical reaction was performed
without incubation with primary antibodies; as a positive
control, staining of intercalated discs in CMs on ventricular
myocardium sections was used in accordance with the
manufacturer’s specifications. To assess the localization
of Cx43* gap junctions on longitudinal sections passing
through the nucleus and intercalated discs, at least 50 CMs
were analyzed using the ImagePro morphometric program
to measure the length of Cx43* segments on the lateral
surfaces of CMs, as well as the diameter and length of CMs
(x630). The ratio of the total length of Cx43* gap junctions on
the lateral surfaces of CMs to twice the length of the myocyte
was calculated and expressed as a percentage (relative
length). Quantitative values were expressed as median (Me
[Q1; Q3]).

Additionally, on longitudinal CMs sections, passing
through the nucleus, myofibril content was graded using
a 4-point scale (x400 magnification): MF-0 — myofibrils
occupy <50% of sarcoplasm; MF-1 — 50-75% of
sarcoplasm is filled with myofibrils; MF-2 — 75-90%
of sarcoplasm is occupied by myofibrils; MF-3 — >90%
of sarcoplasm is filled with myofibrils. For each patient,
myofibril content was represented as an integral indicator
(median value) and expressed as a percentage.

For electron microscopic examination, myocardial
fragments from 48 HCM patients were: fixed in 2.5%
glutaraldehyde and 1% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4); post-fixed in 1.5% osmium
tetroxide (0s0,), dehydrated and embedded in Araldite.
Ultrathin sections (30-70 nm) were prepared using
an UltraCut ultramicrotome (Leica, Germany). Sections
were contrasted with uranyl acetate and lead citrate and
examined using an electron microscope Philips CM 100
(Netherlands). Gap junction presence and distribution
in intercalated discs and lateral CM surfaces were
evaluated via electron microscopy.

Ethical approval

The study was approved by the Ethics Committee of
the A.N. Bakulev National Medical Research Center for
Cardiovascular Surgery (protocol No. 3, dated June
22, 2023). The study adhered to the Declaration of
Helsinki guidelines of the World Medical Association.
All participants voluntarily signed informed consent
forms before enrollment, approved as part of the study
protocol by the Ethics Committee.
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Statistical analysis

Sample size calculation principles. Morphological findings
from the HCM patient group and the control group were
compared with each other and with the clinical examination
data of the patients. The maximum available sample size was
used.

Statistical ~ methods. Data  analysis was
performed using Statistica v. 10 (StatSoft, Inc., USA).
Comparisons between HCM patients and the control
group were conducted using the Mann—-Whitney U
test(significance level p < 0.05). Correlation analysis was
performed using Spearman’s nonparametric correlation
coefficient (p < 0.05).

RESULTS

Study objects

The study included 62 patients with obstructive HCM,
whose IVS thickness was 24.5 (20.0; 27.0) mm. End-systolic
volume (ESV) and end-diastolic volume (EDV) of the LV: 19
(14.4; 29.0) mL and 71.5 (62.0; 93.0) mL, respectively. Mitral
valve pressure gradient: 3.4 (3.0; 4.2) mmHg. Left ventricular
ejection fraction (LVEF): 75 (71; 80)%. The comparison
group consisted of 8 individuals who died from non-
cardiovascular causes or fatal trauma, with IVS myocardial
samples obtained from the same anatomical location.

Primary study results

The control group. Immunchistochemical analysis revealed
that in control group CMs, Cx43* gap junctions were primarily
localized within intercalated discs. Only small areas of gap
junctions were present along lateral CM surfaces (Figure 1a).
Total lateral Cx43* gap junction length: 5.2 (4.7; 7.3) pm,
relative lateral length: 4.1 (3.4; 6.5)% (Figure 2a, 2b). Relative
gap junction length in the control group did not correlate with:
age, CM diameter and length, myofibril content; indicating
completed CM differentiation in these individuals.

Patients with HCM. Cx43* gap junctions were detected
in both intercalated discs and lateral CM surfaces in
most HCM patients, where they were arranged either as
punctate clusters or as extended zones (Figure 1b, 1c).
Patients with moderate or severe myofibril loss (MF-1,
MF-0) showed diffuse Cx43* localization across the entire CM
sarcolemma, resembling poorly differentiated CMs. In areas
with non-parallel myofibril arrangement, Cx43* gap junctions
were found within intercalated discs, additional intercalated
disc-like structures and lateral CM surfaces. Thus, in
patients with HCM, Cx43* gap junctions formed “side-to-side”
connections between neighboring CMs. Total lateral Cx43*
gap junction length in HCM patients: 16.5 (10.5; 26.1) pm;
relative lateral length: 9.7 (7.7; 14.7)% (Figure 2a, 2b). These
indicators of gap junction redistribution from intercalated
discs to the lateral surfaces of CMs were significantly higher
than those in the control group (p <0.05). Relative Cx43* gap
junction length in HCM patients positively correlated with
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Fig. 1. Gap junctions in cardiomyocytes of the interventricular septum of patients with hypertrophic cardiomyopathy: @ — Cx43+-gap
junctions in the intercalated discs of the cardiomyocytes. Control group. A 54-year-old patient; b — polygonal cardiomyocytes. Multiple
additional intercalated discs containing Cx43+-gap junctions on the lateral surfaces of the cardiomyocytes. A 27-year-old patient with
hypertrophic cardiomyopathy; ¢ — cardiomyocytes with pronounced loss of myofibrils. Cx43+-gap junctions (arrows) are diffusely located
over the entire surface of the cardiomyocytes. A 44-year-old patient with hypertrophic cardiomyopathy; d — gap junction (arrows) on the
longitudinal section of the intercalated disc of the cardiomyocytes. A 58-year-old patient with hypertrophic cardiomyopathy; e — areas
of local divergence of longitudinal parts of the intercalated disc of the cardiomyocytes (arrows). A 59-year-old patient with hypertrophic
cardiomyopathy; f — annular areas of membrane invaginations on the lateral surfaces of the myocyte containing gap junctions (arrow),
lipofuscin granules. A 39-year-old patient with hypertrophic cardiomyopathy. a-c — immunoperoxidase reaction, antibodies to Cx43;

d—f — electron micrographs.

increased CM diameter (r = 0.60; ps = 0.000002), increased
CM length (r = 0.50; p; = 0.00004), lower myofibril content
(r = -0.40; ps = 0.001) and showed an inverse correlation
with patient age (r = —0.26; ps = 0.037) (Fig. 2c). According to
echocardiographic examination, the lateral localization of gap
junctions was characteristic of patients with the most severe
functional state of the heart, as indicated by a thickened IVS
(r=0.38; ps = 0.004), a reduced LV EDV (r = -0.28; p; = 0.036)
(Fig. 2d), and a high pressure gradient across the mitral valve
(r=0.78; ps = 0.004).

At the ultrastructural level, it was demonstrated that in
patients with HCM, gap junctions within mature intercalated
discs of CMs were localized on the longitudinal portions of the
intercalated disc (Fig. 1d). In 28.1% of adult patients with HCM,
areas of local membrane separation within the longitudinal
segments of the intercalated disc were identified (Fig. 1e),
presumably associated with a defect in gap junctions or their
relocation to the lateral surfaces of CMs. Additionally, ring-
like structures formed by invaginations of lateral sarcolemma
segments containing gap junctions were observed within the
sarcoplasm of CMs (Fig. 1f). These alterations in gap junction
localization and structure within intercalated discs are likely to
contribute to the disruption of both mechanical and electrical
coupling between adjacent CMs.

DOI: https://doiorg/1017816/marph.634829

Secondary study results

The control group. The diameter of CMs in the control
group was 13.4 (12.6; 16.3) um, while their length was 63.3
(57.6; 68.5) um. The myofibril content in CMs did not correlate
with age. The proportion of CMs with MF-2 and MF-3 (75%
and 16%, respectively) increased, while the proportion of CMs
with MF-1 (8%) decreased with increasing cell diameter.

Patients with HCM. The diameter of CMs in HCM patients
was 21.4 (18.7; 25.9) pum, and their length was 79.9 (69.1;
91.9) pm. Among patients with HCM, CMs with moderate
and severe myofibrillar loss (MF-1 and MF-0) accounted for
20.3% and 2.2% of cells, respectively.

DISCUSSION

Summary of primary study results

Immunohistochemical detection of Cx43-containing gap
junctions, electron microscopic examination of gap junctions
in IVS CMs, and morphometric analysis of IVS myocardium
were performed. In control group patients, gap junctions
were primarily localized within the intercalated discs of CMs.
In patients with HCM, remodeling of Cx43* gap junctions was
observed, with their redistribution from intercalated discs to
the lateral surfaces of CMs, occurring significantly more
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Fig. 2. Total (a) and relative (b) length of Cx43+ gap junctions in the cardiomyocytes of patients with hypertrophic cardiomyopathy. Correlations
of the relative length of Cx43+ gap junctions in the cardiomyocytes of patients with hypertrophic cardiomyopathy with the cardiomyocytes
diameter and the age of patients (c, r=0.60; p <0.0001 and r =-0.26; p = 0.038) and the interventricular septum thickness and left ventricular

end-diastolic volume (d, r = 0.38; p = 0.004 and r = -0.28; p = 0.036).

frequently and occupying a larger surface area than in the
control group.

Discussion of primary study results

During ontogenetic development, the density and
localization of gap junctions in CMs undergo significant
changes: in neonatal CMs, Cx43" gap junctions are
distributed across the entire cell surface, whereas during
the formation of intercalated discs between myocytes,
gap junctions migrate to the transverse ends of the cell
within the intercalated discs [3]. Localization of Cx43* gap
junctions within intercalated discs is considered a marker
of CMs differentiation. The absence of correlations between
the density of Cx43* gap junctions on the lateral surfaces
of CMs, cell size, and myofibril content in the control group
confirms the completion of CM differentiation. Conversely,
a high relative abundance of Cx43* gap junctions on the
lateral surfaces of CMs suggests incomplete differentiation
or partial dedifferentiation under cardiovascular pathology.

In HCM, remodeling of Cx43* gap junctions was
observed in the IVS myocardium of patients with the
most severe disease, as indicated by echocardiographic
data—marked VS thickening, low LV EDV, and high mitral
valve pressure gradient. Notably, Cx43* contacts on the
lateral surfaces of CMs were more frequently found in

DO https://doiorg/ 10.17816/morph 634829

hypertrophic myocytes with low myofibril content and poorly
differentiated intercalated discs. It can be hypothesized
that IVS CM hypertrophy, combined with the immaturity
of the contractile apparatus and altered distribution of
Cx43* gap junctions, contributes to frequent arrhythmia
episodes. It is known that 66% of HCM patients exhibit
electrocardiographic abnormalities, including ventricular
extrasystoles, atrioventricular block, and atrial fibrillation
[12], often necessitating pacemaker implantation. Such
arrhythmogenic remodeling of the myocardium in HCM
patients is frequently accompanied by significant interstitial
fibrosis. The highest volume of fibrotic myocardium has
been observed in HCM patients with atrial fibrillation, as
demonstrated using cardiac magnetic resonance imaging
with ECG synchronization before and after gadolinium
contrast administration [12].

In hypertrophic myocardium, changes in gap junction
topology, which are responsible for electromechanical
coupling between adjacent CMs, are believed to compensate
for increased mechanical load by increasing the total number
and area of cell-cell contacts per CM [5]. In HCM patients, the
relative abundance of laterally located Cx43* gap junctions
was higher than in the control group, likely reflecting
reduced CM differentiation and representing a nonspecific
compensatory adaptation to myocardial overload. Similar
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changes have been described in the LV myocardium of
patients with ischemic heart disease (IHD) and HCM [7],
aortic valve stenosis, and mitral valve regurgitation [13].
Furthermore, a reduction in Cx43* gap junctions has been
reported in patients with cardiovascular pathology and
arrhythmias [8].

Experimental studies on Cx43 expression and localization
in the myocardium have demonstrated the relocation of
Cx43" gap junctions to the lateral surfaces of CMs and
a >40% reduction in Cx43 expression compared to control
across various cardiovascular pathologies [9,10]. A similar
pattern of lateral Cx43* gap junction localization has been
observed in rats with experimentally induced pulmonary
hypertension and right and LV hypertrophy [4], as well as in
the LV myocardium of dogs with arrhythmogenic heart failure
[14]. Additionally, C.M. Ripplinger et al. reported changes in
the density of Cx43* gap junctions in the myocardium of
genetically modified rabbits carrying mutations associated
with HCM (cardiac troponin | cTnl'*%Y and B-myosin heavy
chain B-MyHC-Q403) [15]. These literature data confirm
the consistent pattern of Cx43" gap junction remodeling in
the myocardium of both patients and experimental animals
with various cardiovascular diseases. Such changes appear
to be a stereotypical manifestation of CM morphological
remodeling and are evidently associated with varying degrees
of CM differentiation.

Study limitations

A limitation of this study is the inability to examine
the ultrastructure of gap junctions in CMs from the intact
myocardium of the control group, as rapid fixation of the
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material, required for electron microscopy, was not feasible
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CONCLUSION

This study demonstrated that Cx43* gap junction
remodeling in the CMs of HCM patients is more pronounced
compared to control myocardium. The IVS myocardium of
HCM patients is characterized by the lateral localization
of Cx43* gap junctions in CMs, which is more frequently
observed in hypertrophic CMs with partial myofibrillar loss
and correlates with IVS thickening, decreased LV cavity
volume, and a high mitral valve pressure gradient.
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