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Breast cancer, characterized by unique epidemiological features and significant heterogeneity, is the leading
cause of cancer death in women. Conventional treatments are associated with significant side effects. The aim of this
work was to systematize the data of scientific publications devoted to the physiological function of the voltage-gated
sodium channel Nav1.5 in normal and tumor processes, to summarize the results of studies of its selective inhibition
in breast cancer. Nav1.5 and nNav1.5 are expressed in breast cancer cells, generate a stable sodium current, alter
the kinetics of activation and inactivation, and increase extracellular acidification, promoting invasive growth and
metastasis. nNav1.5 is more resistant to low pH. Nav1.5 participates in the formation of complexes with 81-integrin,
K*-channel hERG1 and Na*/H*-antiporter NHE1, which regulate relevant cancer processes in the breast. It has been
shown that blocking Nav1.5 with non-selective inhibitors (lidocaine and ranolazine) suppresses the pathological
late Nav1.5 current, and selective inhibitors or antibodies reduce cell invasion and tumor volume in in vitro and in
vivo models. Expression of Nav1.5 (nNav1.5 isoform) in breast cancer cells promotes invasion, metastasis and tumor
growth. Blockade of nNav1.5 reduces invasive potential and tumor mass in preclinical models, while non-specific in-
hibitors affect cell motility, metabolism and interaction with the extracellular matrix; clinical trials of Nav1.5 blockers

for 2025 are in the early stages, demonstrating the potential as targeted therapy.
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Introduction.

Breast cancer, characterized by unique epidemi-
ological features and significant heterogeneity, is the
leading cause of cancer death in women [1]. It is es-
timated that in 2025, 316,950 women and 2,800 men
will be diagnosed with invasive breast cancer, and an
additional 59,080 new cases of non-invasive (in situ)
breast cancer will be diagnosed [2]. By 2050, the num-
ber of new cases and deaths will increase by 38% and
68%, respectively, disproportionately affecting coun-
tries with low human development indices [3]. Surgery,
chemotherapy, and radiotherapy are associated with
significant side effects, reduced quality of life, and lim-
ited efficacy against aggressive tumor cells [4]. In addi-
tion, there are types of cancer that are poorly amena-
ble to therapy due to the lack of target receptors and
high biological aggressiveness [5]. Therefore, in order
to improve the accuracy of prediction, diagnosis and
treatment effectiveness, increasing attention is paid to
identifying molecular targets that play a key role in the
development of breast cancer.

The aim of the study.

To analyze the literature sources in recent years
devoted to the study of the functions of voltage-gated
sodium channels type 1.5 (Nav 1.5) in tumor cells
and their role as a potential target for pathogenetic
treatment and prediction of the severity of the course
of cancer.

Main part.

Types and the main functions of the Nav channels.
Nine subtypes of voltage-gated sodium channels (NaV)
are known, which are responsible for the fast phase of

the action potential in excitable cells [6]. Seven NaV
channels NaV1.1, NaV1.2, NaV1.3, NaV1.6, NaV1l.7,
NaV1.8 and NaV1.9 play an important role in the
process of neuronal electrogenesis. The subtypes ex-
pressed in the central nervous system (CNS): NaV1.1,
NaV1.2, NaV1.3 and NaV1.6. NaV1.3. is actively ex-
pressed in the fetal brain (the so-called “embryonic
channel”), but little in adulthood [7]. In the peripheral
nervous system (PNS) NaV1.1, NaV1.6, NaV1.7, NaVvV1.8
and NaV1.9 are widely expressed. Impulse electrogen-
esis and conduction in skeletal muscle cells and cardio-
myocytes are mediated by NaV1.4 and NaV1.5, respec-
tively [8].

The NaV1.5 channel initiates a rapid influx of extra-
cellular Na+ ions into the cytosol during the depolariza-
tion phase of the cardiomyocyte action potential [9].
NaV1.5 expression is very high in the atrial and ventric-
ular myocardium, the bundle of His, and Purkinje fibers.
In cardiomyocytes, NaV1.5 is localized at relatively low
density in the ridges, sulci, and T-tubules of the later-
al membrane, but is abundant in the intercellular discs
[10]. In addition, studies have shown that two novel
variants of Nav1.5, designated Nav1.5e and Navl.5f,
are expressed in the human cerebral cortex [11].

In addition, there is evidence that NaV channels are
abnormally expressed in non-excitable cancer tissues
and epithelial cells (breast, lung, prostate, colon and
cervix), while not being expressed in non-cancerous
tissues. For example, Navl.5 is abnormally expressed
in breast tumors. It has been proven that their activity
contributes to the aggressiveness and invasiveness of
cancer cells both in vitro and in vivo, acidification of the
microenvironment and the formation of an aggressive
tumor phenotype with the progression of metastasis
[12, 13, 14]. The correlation between the expression
of Nav1.5 and other protein markers associated with
invasion has also been investigated [12, 15].
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In human carcinomas, the neonatal splice variant
of Navl.5 (nNavl.5) is functionally expressed, and
it predominates in breast cancer cells (particularly in
metastatic lymph node-positive and triple-negative
subtypes) [16]. This isoform differs from the “adult”
Nav1.5 (aNav1.5) by several amino acids, including a
key charge change at residue 211 (aspartate in aNav1.5
instead of lysine in nNav1.5). It was found that the Ly-
s211->Asp211 substitution eliminates these differenc-
es, which confirms the leading role of the local positive
field of Lys211 in the formation of the neonatal phe-
notype. Comparative analysis showed that nNav1.5 is
activated by greater membrane depolarization, hyper-
polarization inactivation, slower opening and closing
kinetics, and slower recovery from inactivation [12].

Nav1.5 activity increases ATP demand and glycoly-
sis in breast cancer cells by increasing Na+/K+ ATPase
activity, thereby promoting H+ production and extra-
cellular acidification. The pH of mouse xenograft tu-
mors is lower at the periphery than at the center, in
areas of higher proliferation and lower apoptosis. In
turn, acidic extracellular pH increases the steady-state
Na+ influx through Nav1.5 into breast cancer cells [12].
Patch-clamp analysis showed that acidification of the
medium (increasing [H*]) reduced channel conduc-
tance, inhibited peak currents, and shifted activation
to more positive potentials. These effects were signifi-
cantly smaller for nNav1.5 than for aNav1.5, suggesting
a greater tolerance of the neonatal channel to acidic
media [17].

NaV 1.5 inhibitors and their prospects in breast can-
cer therapy. There is evidence that nonspecific Nav1.5
inhibitors, such as Lidocaine and Ranolazine, reduce
invasiveness and slow tumor progression [18]. Thus,
local anesthesia with 0.5% Lidocaine (a Nav blocker)
prevents the activation of prometastatic pathways: it
inhibits the proliferation and migration of endometrial
cancer cells, induces apoptosis through autophagy by
increasing the expression of the Beclinl protein (a pro-
tein responsible for autophagy during the growth and
spread of cancer tumors) [19, 20].

It was also found [20] that under hypoxic conditions
(this is typical of growing tumors) Nav develop a per-
sistent current (INaP), which can be selectively blocked
by Ranolazine — the drug suppressed the invasiveness
of cancer cells, especially under hypoxic conditions. In
vivo, the drug inhibited the metastatic ability of breast,
prostate, and melanoma cancers.

It is worth noting that Ranolazine action mecha-
nism targets the pathological sustained current, rather
than the peak sodium influx required for initial depo-
larization. This selective action makes it a promising
candidate for potential applications related to abnor-
mal Nav1.5 activity. In clinical trials, Ranolazine is used
as a Nav1.5 blocker, where inhibition of the late Nav1.5
sodium current may provide a reduction in the disrup-
tion of ion homeostasis [21].

A promising therapeutic approach — the creation
of antibodies against tumor antigens — has become a
dominant class of new drugs in cancer therapy due to
fewer side effects and high specificity [22]. In 2019, the
development of an anti-Nav1.5 antibody (E3Ab) spe-
cifically targeting the E3 Nav1.5 was described [23]. In
experimental conditions, after treatment of the Cavo-3
cancer cell line with the E3Ab antibody or Lidocaine for

48 hours, the size of tumors decreased by 28.59% and
25.97%, respectively, compared with intact cells. The
migratory and invasive abilities of Cavo-3 cells treated
with E3Ab were reduced also [23]. In addition, tumor
xenografts in the control group demonstrated twice the
mitotic activity compared with those treated with E3Ab
or Lidocaine.

In 2022 the changes in invasive growth and me-
tastasis of breast cancer cells under the influence
of monoclonal (mAb-nNav1.5) and polyclonal (pAb-
nNav1.5) antibodies against nNavl.5 in vitro were
studied. Two breast cancer cell lines MDA-MB-231 and
4T1 were used as models. 24-hour application of both
antibodies significantly reduced the expression of the
nNav1.5 gene and protein in these cell lines, effectively
inhibited their invasion, reduced the size and mass of
breast tumor tissue, and prevented the defeat of vital
organs in an animal model of breast tumor, while main-
taining a healthy weight of the animals. The expression
of nNav1.5 mRNA in breast tumor tissues was reduced
only under the influence of mAb-nNav1.5 [16].

A patent of 2024 assigned by Celex Oncology In-
novations Limited describe monoclonal antibodies,
bispecific antibodies, antibody-drug conjugates, and
CAR-modified immune cells that selectively bind to
neonatal 5’-exon splice variants of the a-subunit
Nav1.5 (nNav1.5). The structures are being considered
as diagnostic tools and potential therapeutics targeting
nNav1.5 [24].

Increased expression of Navl.5 has also been
associated with poor prognosis in colorectal cancer.
In addition, Nav1.5 is used by tumor cells to stabilize
the KRas-calmodulin complex and regulate intracellular
Ca?*, which promotes the activation of Ras signaling
pathways, enhances epithelial-mesenchymal transition,
and maintains an aggressive cell phenotype [25].

It has also been described that a complex of B1-
integrin, the K+ channel hERG1, nNaV1.5, and the Na+/
H+ antiporter NHE1 (the NHE1/hERG1/B1/nNaV1.5
complex) is expressed and regulates relevant cancer
processes in breast cancer cells. Moreover, hERG1
and the combination of hERG1 and nNavl.5 influence
prognosis, contributing to the identification of a group
of patients with an unfavorable prognosis. Thus, the
NHE1/hERG1/B1/nNaV1.5 complex can be considered
a novel biomarker and potential target for therapy in
breast cancer patients [25].

Conclusions.

NNaV1.5 subtype of voltage-gated channels, in ad-
dition to their traditional role in generating action po-
tentials of excitatory structures, have shown specific
activity in tumor cells, in particular breast cancer. They
generate a constant sodium current that is resistant to
increased acidity (low pH is characteristic of areas of
intensive tumor growth and inhibits the work of NaV
of other subtypes), affecting the intensity of invasive
growth and metastasis. Blocking nNav1.5 with nonspe-
cific inhibitors and high selective antibodies reduces
invasive potential, metastasis and tumor mass in pre-
clinical models.

Prospects for further research.

The synthesis of high selective Nav1.5 blockers and
it's clinical studies are considered promising, demon-
strating the potential as a targeted therapy of cancer
tumors, particular breast cancer.
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Pak Mon04YHOI 307103U, WO XAPAKMeEpPU3yeEMbCA YHIKAAbHUMU ernidemiono2iyHumu ocobausocmamu ma
3HAYHOK 2emepo2eHHICMI0, € OCHOBHOK MPUYUHOK cMepmi 8i0 pakry y WiHoK. TpaduuiliHi memoou niKy8aHHA
rnoe'a3aHi 3i 3HaYHUMU nobiYHUMU epekmamu. Memoro yiei pobomu b6yno cucmemamusysamu OaHi HAyKOBUX
nybnikayili, npuceayeHux ¢pizionoaiuHili pyHKYii nomeHyianzanerHo2o Hampiegso2o kaHany Navl.5 y HopmansbHuUx
ma nyxauHHUX npouecax, y3azanbHUmu pesynsmamu 0ocnionceHs 020 cenekmusHo20 iH2iby8aHHA npu paky
Mos0oyYHoi 3an03u. Navl.5 ma nNav1.5 ekcripecytomscs 8 KAiMuHAX paky Mosio4HoI 3as103U, 2eHepyroms cmabinbHuli
Hampieguli cmpym, 3MIiHIOIOMb KiHemuKy akmuseauii ma iHakmueauii, a makox< 36inbwyroms Mo3aKAimuHHe
MiOKUCAEeHHS, CNPUAYU iHBA3UBHOMY pocmy ma memacma3sysaHHto. nNavl.5 € 6inbw cmilikum 00 HU3bKoz20 pH.
Nav1.5 6epe yyacme 8 ymeopeHHi komnnekcig 3 81-iHmezpuHom, K*-kaHasom hERG1 ma Na*/H*-aHmunopmepom
NHE1, sKi peayntorome 8i0rnosioHi pakosi npouecu 8 Mosno4Hili 3a7103i. bysno nokazaHo, wo 6aokysaHHA Navl.5
HecesneKmusHUMU iH2ibimopamu (nidoKaiHom ma paHoaa3uHoM) npuaHivye namosoaiyHuli nizHiti cmpym Navl.5, a
cenekmuseHi iHzibimopu abo aHMuMina 3meHWyoMs iH8Aa3ito KAimuH ma 06'em nyxauHU 8 Mmoodessx in vitro ma in
vivo. Ekcnipecis Nav1.5 (izogpopma nNav1.5) y kaimuHax paky mosio4Hoi 3a103U CIPUSAE iHB8A3ii, Memacma3sy8aHHK
ma pocmy nyxnuHu. bnokyeaHHs nNavl.5 3ameHwye iHeazusHuUli nomeHyian ma macy nyxauHU 8 OOKAIHIYHUX
modensax, mooi AK HecrieyuiyHi iH2ibimopu enau8ardMe Ha PyxAugicms KaimuH, memabonizm ma 83aemooito 3
03aKAIMUHHUM MAMPUKCOM; KAiHiYHIi sunpobysaHHA baokamopie Navl.5 Ha 2025 pik nepebysaoms HA PAHHIX

cmaodisax, Wo 0eMoHCcmpye nomeHyian yinbosoi mepartii.

Knw4oei cnoea: Navl.5, nNavl.5, nomeHuianzanexHull Hampiesuli KaHasa, PaAK MOAOYHOI 3a103U,

memacmasyeaHHs, iHeasis, E3Ab, iHzi6imopu NaV 1.5.

38’A30K ny6niKauii 3 n1aHOBMMM HayKOBO-A0CNIg-
HUMU poboTamu.

OrnspoBa CTaTTa € YaCTMHOLO iHiliaTUBHOro gocnia-
HULBbKOrO MNpoekTy: «KomneHcaTopHo-aganTauiiiHi pe-
aKuji LeHTpanbHOI Ta nepudepryHOi HEPBOBOI cMCTEMM
B HOPMAa/IbHMX Ta NATONIONIYHMX YMOBax», HOMep Aep-
»KaBHOI peecTpauii 0123U100034.

Bcryn.

PakK MONOYHOI 3an103M, WO XapaKTepPU3YETbCA YHi-
KaNbHUMM enigemioNoriyHMMM 0cobMBOCTAMM Ta 3HAY-
HOIO reTePOreHHICTHO, € OCHOBHO NPUYMHOIO CMEPTI Bif,
paKy y *iHOoK [1]. 3a nporHo3amu, y 2025 pou,i y 316 950
JKiHOK Ta 2800 4on0BiKiB byae AiarHOCTOBaHO iHBa3UB-
HWI paK MONOYHOI 3371031, a TaKOXK OyAe AiarHOCTOBAHO
nopatkoBo 59 080 HOBMX BMNAAKiB HeiHBasMBHOro (in
situ) paky mono4Hoi 3an103u [2]. o 2050 poKy KinbKicTb
HOBWX BMNAAKIB Ta cmepTel 3pocTe Ha 38% Ta 68% Bia-
MoBiAHO, HENMPOMOPLIMHO BN/MBAOYM Ha KPAiHU 3 HU3b-
KUMU MOKA3HUKAMM PO3BUTKY NHOACLKOrO MoTeHLiany
[3]. XipypriuHe BTpy4yaHHsA, ximioTepania Ta npomeHeBa
Tepania nos’A3aHi 3i 3HAYHMMM NOBIYHUMKN ePeKTamK,
3HUMKEHHAM AKOCTI }KUTTA Ta 0OMeKeHOo0 ePeKTUBHICTIO
NPOTW arpecuBHUX NYXAUHHUX KNiTUH [4]. Kpim Toro, ic-
HYIOTb BUAM PaKy, AKi MOraHo nigaatTbea Tepanii yepes
BiZICYTHICTb LiNbOBUX peLenTopiB Ta BUCOKY BiosioriuHy
arpecusHicTb [5]. Tomy, 3 meTol NiABULLEHHA TOYHOCTI
MPOrHO3yBaHHA, AiarHOCTUKM Ta ePeKTUBHOCTI NiKyBaH-
Hs, BCe DBinblia yBara NpuUAINsAETbCA BUABAEHHIO MOne-
KYJAPHUX MilLEeHEWN, AKi BiZirpatoTb KAHOYOBY PO/b Yy pPO3-
BUTKY pPaKy MONOYHOI 3a/7103MU.

MerTa gocnigyKeHHs.

AHani3 nitepaTtypHUX A)Kepen OCTaHHIX POKiB, Mpu-
CBAYEHMX BUBYEHHIO OYHKLIiM MOTEeHLiaN3aNeKHMX Ha-

TpieBmx KaHanis Tmny 1,5 (Nav 1,5) y NyXAMHHUX KNITUHAX
Ta iX poni AK NOTEHL,NHOT MilleHi ANA NAaTOFreHEeTUYHOTO
NiKyBaHHA Ta NPOrHO3YBAHHA TAMXKKOCTI Nnepebiry paky.

OcHOBHa YacTuHa.

Tunu ma ocHosHi ¢yHkYii NaV-kaHanie. Bigomo
[eB’ATb NiATUNIB NOTEHUaN3anexXHUX HaTPIEBUX KaHa-
nis (NaV), ki BignosifatoTb 3a WBUAKY Gpasy noTeHuiany
Aii y 36ygnmsumx knitmHax [6]. Cim NaV-kaHanis: NaVv1.1,
NaV1.2, NaV1.3, NaV1.6, NaV1.7, NaV1.8 Ta NaV1.9 Bigi-
rPatoTb BaK/IMBY POJib Yy NPOLLECi HEMPOHANBHOIO efeK-
TporeHesy. MigTUNK, WO eKCnpecyoTbeA B LLEeHTPaAbHIN
HepBoBilt cuctemi (LLHC): NaV1.1, NaV1.2, NaV1.3 Ta
NaV1.6. NaV1.3. akTMBHO eKCcnpecyeTbcA B MO3KY Naoaa
(Tak 3BaHMI «eMbBpiOHANbHUI KaHaN»), afe Mano B Ao-
pocnomy Biui [7]. Y nepudepunyHii HepBOBIN cucTemi
(MHC) NaV1.1, NaVv1.6, NaVv1.7, NaV1.8 ta NaV1.9 wwu-
POKO eKcnpecytoTbcA. EnektporeHes ta NpoBigHICTb iM-
Ny/bCiB Y KNITUHAX CKeNIETHUX M’A13iB Ta KapAiomiounTtax
onocepeakosytoTbea NaV1.4 ta NaV1.5 signosigHo [8].

KaHan NaV1.5 iHiuitoe WweMAKMA NpUnanB nosakni-
TUHHUX ioHiB Na+ y unTo3onb nig vac ¢asmn genonapumsa-
uii noTeHujiany aii Kapaiomiountis [9]. Ekcnpecia NaV1.5
Oy)Xe BMCOKa B MiOKapai nepeacepab Ta LWAYHOYKIB,
nyyky lica Ta BoNOKHax [ypkKiHbe. Y KapagiomioumTax
NaV1.5 noKanisyetbcsa 3 BiAHOCHO HU3bKOHO LLiNIbHICTIO B
rpebeHsax, boposHax Ta T-Tpyboukax natepanbHoi memb-
paHW, ane € PACHUM Y MiXKKNITUHHUX auckax [10]. Kpim
TOro, OOCNIAXEHHA NOKasa/u, WO ABa HOBi BapiaHTU
Navl.5, nosHayeHi ak Navl.5e Ta Nav1.5f, ekcnpecytoTb-
€A B KOPi r0O/I0BHOTO MO3KY AtoanHu [11].

Kpim Toro, € 4oKkasu Toro, wo KaHaim NaV aHomanb-
HO eKCnpecyTbCA B He30yA/MBUX PAKOBMX TKAHMHAX Ta
eniTenianbHUX KNiTMHAxX (MONOYHOI 3a/103U, NereHb, ne-
peAMixypoBOi 321031, TOBCTOT KULIKK Ta LWNMKN MaTKK),

82

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 - Issue 4 (179)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



OornAaAaun NITEPATYPU / LITERATURE REVIEWS

TOAj AK Y HEpPaKOBUX TKAHWHaAX He eKcnpecylTbcA. Ha-
npuknag, Navl.5 aHomanbHO eKCNpecyeTbCA B MyXAMHAX
MOMOYHOI 3a103K. Byno poBeneHo, WO iXHA aKTUBHICTb
CMPUAE arpecuBHOCTI Ta iHBAa3MBHOCTI PAKOBUX KJITWUH
AK in vitro, TaK i in vivo, NigAKMCNEHHIO MIKPOOTOYEHHA
Ta GOpPMyBaHHIO arpecuBHOrO NyXJAMHHOTro GeHoTUny 3
nporpecyBaHHAM MeTacTasyBaHHa [12, 13, 14]. Takox
Jocnigxysanaca Kopenauia mix ekcnpecieto Navl.5 ta
iHWKMMK BINKOBMMW MapKepamMmu, NoB’s3aHUMM 3 iHBa3i-
eto [12, 15].

Y KapLMHOMaXx NOANHN HEOHATaNbHUIA cinalic-Bapi-
aHT Navl.5 (nNav1.5) ¢yHKLUioHanbHO eKcnpecyeTbes, i
BiH NepeBaXa€ B KNITMHAX paKy MOJI0MHOI 321031 (0co-
6/1MBO B MeTaCTaTUYHUX IMPATUYHUX BY3/1aX-MO3UTUB-
HUX Ta Tpuui HeraTMBHMX nigTunax) [16]. LUs isodopma
Bigpi3HAeTbCA Big «aopocnoro» Navl.5 (aNavl.5) Kinb-
KOMa aMiHOKMCNOTaMM, BKJILOYAKOUYM KIOYOBY 3MiHY
3apagy B 3aauwky 211 (acnaptaT B aNavl.5 3amicTb
nisuHy B nNavl.5). byno BMABNEHO, WO 3aMileHHA
Lys211->Asp211 ycyBa€ Ui BigAMIHHOCTI, WO nNiaTBEp-
[OXKYE MPOBiAHY PONb JIOKAa/NbHOTO MO3UTMBHOIO NONA
Lys211 y dopmyBaHHi HeoHaTanbHOro ¢peHoTmny. Mopis-
HAIbHWI aHani3 nokasas, wo nNavl.5 akTneyeTbCa binb-
Wwot genonapu3alieto membpaHu, rinepnonapusauini-
HOM iHAaKTUBALLIEID, NOBINbHILIO KiIHETUKOK BiAKPUTTA
Ta 3aKPUTTA, @ TAKOXK NOBINbHILMM BiAHOBNEHHAM MicnA
iHaKkTMBaL,i [12].

AkTuBHicTb Navl.5 36inbliye noTpeby B AT® Ta mni-
KO3 Y KNiTMHaX paKky MOJIOYHOI 331031 WAAXOM 36iNb-
weHHA aktnsHocTi Na+/K+ ATdasn, TMM cammm cripusaio-
4yn BUPOBAEeHHIO H+ Ta MO3aKNITMHHOMY MiAKUCAEHHIO.
pH NyXNMH KCEHOTPAHCNAAHTaTa MULWI HUXKYMIA Ha Nepu-
depii, HiXK y LeHTPi, B 061acTAX 3 BULLLOO NponidepaLlieto
Ta HUKYMM anonTo30oM. Y CBOIO Yepry, KUCAUI No3aKAi-
TUHHWI pH 36inblye cTauioHapHUit npuname Na+ yepes
Navl.5 y KniTMHM paKy MmosiouHoi 3an03u [12]. AHani3
METOAOM NATY-KJAEMN NOKasasg, WO MNiAKUCNEHHA cepe-
[0BULA (36inbweHHs [H*]) 3HMKYe NpOBIAHICTL KaHany,
NPUrHiYye NiKOBI CTPYMM Ta 3MilLyE aKTMBaALitO A0 6inbL
NO3UTMBHUX NoTeHUianis. Lli epekTn 6yam 3HaUHO MeH-
wumn ana nNavl.5, Hixx ana aNavl.5, wo cBigumTbL Npo
6iNblWy TONEPaHTHICTb HEOHATANIbHOTO KaHany 40 KUC-
noro cepegosuua [17].

IHei6imopu NaV 1.5 ma ix nepcnekmusu 8 mepanii

PAKy MOsIOYHOI 307103U. ICHYIOTb AOKasu TOro, WO He-
cneunodiyHi iHribitopm Navl.5, Taki AK nigokaiH Ta pa-
HOJIa3MH, 3MEHLYOTb iHBA3MBHICTb Ta YMNOBINIbHIOTb
nporpecyBaHHA NyxauMHu [18]. Takum YymMHOM, MicueBa
aHecTesia 0,5% nigokaiHom (610katopom Nav KaHaniB)
3anobirae akTMBaLii NPoOMeTacTaTUYHUX LINAXIB: BOHA
npurHivye nponidepalito Ta Mirpauilo pakoBux KAITUH
eHAoMeTpIlo, iHAYKYE anonTo3 yepes aytodarito Wns-
XOM 36inblueHHs ekcnipecii 6inka Beclinl (6inka, Bigno-
BifanbHOro 3a aytodarito nig Yac pocTy Ta NOLWMPEHHA
pakoBux nyxauH) [19, 20].

Takox 6yno BuasneHo [20], wo B ymoBax rinokKcii
(ue TMNOBO AnA pocTy NyxauH) Nav po3BMBAE CTiMKMUIA
ctpym (INaP), akuii moxke byTu BUBIPKOBO 610KOBaHUI
paHONa3MHOM — NpenapaT NPUrHivyBaB iHBA3UBHICTb pa-
KOBWX KNiTWUH, 0c061MBO B YMOBAX rinoKcii. In vivo npe-
napaTt NPUrHiYyyBaB MeTacTaTU4YHY 34aTHICTb PaKy MO-
JIOYHOI 3271031, NepesMiXypoBOi 331031 Ta MelaHOMMU.

BapTo 3a3HauuTK, WO MexaHi3m Aii paHonasuHy
CNpPAMOBAHMMN Ha NATONOTYHWUI CTINKMIA CTPYM, A He Ha
NiKOBWI NPUNAMB HaTpPito, HEOBXiAHNIM ANA NOYaTKOBOI

Aenonapu3sadii. Lia BubipkoBa aia pobutb ioro nepcnek-
TUBHUM KaHAMAATOM [ANA MOTEHUiMHMX 3acToCyBaHb,
nos’A3aHNX 3 aHOManbHOW akTMBHicTIO Navl.5. Y Kni-
HiYHUX BUNPOOYBaHHAX PaHOMA3WH BUKOPWUCTOBYETHCA
AK 610KkaTop Navl.5, ae iHribyBaHHA Ni3HbOro HaTPiEBO-
ro ctpymy Nav1.5 moxe 3a6e3neqymti SMeHLWeHHA nopy-
LWeHHsA ioHHOoro romeocTasy [21].

MepcnekTUBHUIM TepaneBTUYHUI NiaXig — CTBOPEHHA
QHTUTIN NPOTU MYXAMHHUX AHTUFEHIB — CTaB AOMIHYO-
YMM KNACOM HOBMX MpenapartiB y Tepanii paky 3aBAAKK
MEHLUIN KinbKoCTi NobiYHMX edeKTiB Ta BMUCOKIl cneum-
divHocTi [22]. Y 2019 poui 6yno onmcaHo po3pobKy aH-
TuTina npotu Navl.5 (E3Ab), cneumndiyHo cnpsmoBaHoro
Ha E3 Nav1.5 [23]. B ekcnepvmeHTasibHUX yMOBaXx, nicas
06p0o6KuM niHii pakoBux KnitTMH Cavo-3 aHTuTiIoM E3ADb
abo nigokaiHom npoTtarom 48 roauH, PO3mip MNyXAuH
3mMeHwWwmBcA Ha 28,59% Ta 25,97% BignoBigHO NopiBHA-
HO 3 IHTaKTHUMW KAiTUHaMK. MirpauiiHi Ta iHBa3MBHI
3ai6HoCTi KNiTnH Cavo-3, 06pobaeHnx E3Ab, TakoX 3HU-
3unucsa [23]. Kpim Toro, KCEHOTPAHCMNNAHTATU MYX/IUH Y
KOHTPOJIbHIN rpyni NpogeMOHCTpyBann BABIYI BinbLuy
MITOTUYHY aKTUBHICTb MOPIBHAHO 3 TUMMU, LLLO OTPUMYBaA-
nn E3Ab abo nigokKaiH.

Y 2022 poui 6yno gocnigeHo 3MiHW iHBa3MBHOrO
POCTY Ta MEeTaCcTa3yBaHHA KNITUH PaKy MOJIOYHOI 3371031
nif BNIMBOM MOHOKNOHanbHKX (mAb-nNav1.5) Ta noni-
KnoHanbHUX (pAb-nNav1.5) aHTuTin npotu nNavl.5 in
vitro. AK mogeni BUKOPUCTOBYBANM ABi NiHiT KNITUH pakKy
MON0YHOI 3an103M MDA-MB-231 1a 4T1. 24-roguHHe 3a-
CTOCYyBaHHA 060X aHTUTIN 3HAYHO 3HWM3UNO EKCrpecito
reHa Ta 6inka NNavl.5 y umx KAITUHHUX NiHiAX, epek-
TMBHO MPUrHiYyBano ix iHBa3ito, 3MEHWWN0 PO3Mip Ta
Macy TKaHUHWU NyXJIMHM MOJIOYHOI 3a103M Ta 3anobirno
YPaXKEeHHI0 XUTTEBO Ba*K/IMBUX OPraHiB y TBAPUHHI MO-
Aeni NyX/IMHU MOIOYHOT 3a/103K, 36epiratoyum nNpu Lbomy
3p0poBy Bary TBapuH. Ekcnpecia MPHK nNav1.5 y TkaHu-
HaX NyXJIMHWU MOJIOYHOI 3371031 3HWUKYBaNACA nLe Mif,
snansom mAb-nNav1.5 [16].

MaTeHT 2024 pOKy, WO HanexuTb KomnaHii Celex
Oncology Innovations Limited, onnucye MOHOKNOHanb-
Hi aHTuTING, GicneuudiyHi aHTUTING, KOH'tOraTM aHTU-
Tino-nikapcbknin 3aci6 Ta CAR-mopudikoBaHi iMyHHI
KNTUHW, AKi BUGIPKOBO 3B’SA3yHOTbCA 3 HEOHATA/IbHUMM
BapiaHTaMu cniancuHry 5'-ek3oHy a-cyboamHmui Navl.5
(nNav1.5). Li cTpyKTypu po3rnapatoTbea AK AiarHOCTUYHI
iHCTPYMEHTM Ta NOTEHL,MHI TepaneBTUYHi 3acobu, cnpsa-
moBaHi Ha nNav1.5 [24].

NiasuweHa ekcnpecia Navl.5 TakoX nos’sAsaHa 3
NoraHMMm NPOrHO30M NPU KOJIOPEKTaIbHOMY paky. Kpim
Toro, Navl.5 BMKOPUCTOBYETbLCA MYXJMHHUMMK KNiTUHA-
Mun ana crabinisauii komnnekcy KRas-kanbmogyniH Ta
perynauii BHYTPilWHbOKAITUHHOrO Ca%*, Wwo cnpuse ak-
TMBALIl CUTHaNbHKUX WnAXiB Ras, nocmate enitenianb-
HO-Me3eHXiMabHWI Nepexiz Ta NiATPUMYE arpecuBHMUMI
KNITUHHWUIA deHoTmn [25].

Takoxk 6yno onucaHo, Wo Komnaekc Bl-iHTerpuHy,
K+ kaHany hERG1, nNaV1.5 ta Na+/H+ aHTunoprepa
NHE1 (komnnekc NHE1/hERG1/B1/nNaV1.5) ekcnpecy-
€TbCA Ta PEryntoe BiANOBIAHI paKOBi MPoOLECH B KNITUHAX
paky monoyHoi 3an03u. binbwe Toro, hERG1 1a KOombi-
Hauia hERG1 Ta nNav1.5 BnanBatoTb Ha NPOrHO3, CNpu-
AOYM BUABNEHHIO TPYMM MNALLEHTIB 3 HECNPUATIUBUM
nporHosom. Takum ynHom, komnnekc NHE1/hERG1/B1/
nNaV1.5 moXHa BBaxKaTu HOBMM GiomapKkepom Ta no-
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TEHLHOIO MilLeHHIO ANA Tepanii y NaLieHTOK 3 PaKOM  iHTEHCMBHICTb iHBa3MBHOrO POCTYy Ta MeTacTasyBaHHH.
MO/I04HOI 38103 [25]. BnokysaHHa nNav1.5 HecneumdiyHUMH iHribiTopamm Ta

BucHosku. BMCOKOCENEKTUBHUMM aHTUTINAMM 3HUKYE IHBA3UBHMI
Miarin nNaV1.5 noTeHuian3anexHux KaHanis, OkPIM  orepian, metactasysaHHA Ta Macy NyXAWUHK B AOKAI-
cBo€i Tpaawuiiinol poni y rewepauii notenuianis Afi L ono o
36y MBUX CTPYKTYP, NPOAEMOHCTPYBaB cneumndiuHy ak- MlepCneKTUBM NOAANBLINK AOCHAKEHD.

TUBHICTb Y NYXJIMHHUX KNITUHAX, 30Kpema paKy MOJIou- . .
HOT 3a1031. BiH reHepyloe NOCTIHMIA HaTPIEBMI CTPYM, CuHTe3 BMCOKoceneKTuBHmx 61okaTtopis Navl.5 Ta ix

CTIMKMI [0 NiABULLEHOI KMCNOTHOCTI (HU3bKMI pH Xa- KNiHIYHI JOCNIAXKEHHA BBAXKalOTbCA MEPCNeKTUBHUMY,
paKTEePHUI 419 AiNAHOK iIHTEHCUBHOTO POCTY MYXAMHM Ta  AEMOHCTPYIOUM NOTeHLian Po3pobku TapreTHoi Tepanii
npurHidye poboty NaV iHWwWX NigTUMIB), BNANBaOUYM HAa  PaAKOBMX NMyX/IMH, 30KPEMa PaKy MOJIOYHOI 3a/103U.
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NAV1.5: HETUMNOBI ®YHKUIT MOTEHUIANBANEXHUX HATPIEBUX KAHAJIIB B MYX/IMHHUX KNITUHAX TA
HOBI MEPCMNEKTUBU B NIIKYBAHHI PAKY MOJ/IOYHOI 3AN103U

TkaueHKo C. C., PoauHcbKuii O. I., MopTHAra M. M.

Pestome. MeTa — cuctemaTtumsyBaTh AaHi HayKoBux nybnikauild npucesyeHmx ¢isionorivHin GpyHKLUiT noTeHujian-
3a1eXHoro Hatpiesoro kaHany Navl.5 y Hopmi Ta npu NyXIMHHOMY NPOLECI, y3araJibHUTW pe3ynbTaT AOCNIAKEHb
MOro cenekTUBHOrO iHribyBaHHA NPW paKy MOIOYHOI 3a/103M.

MpoBeaeHo nolwyk no 6asam PubMed, Scopus i Web of Science (2019-2025 pp.) 3 BUKOPUCTAHHAM K/HOYOBUX
TepmiHis “Nav1.5”, “SCN5A”, “nNav1.5”, “voltage-gated sodium channel”, “breast cancer”. [Jo aHani3y BKAOYeHO 25
O)Kepen —3BiTW eKCnepuMeHTabHI OCAIAXKEHHSA in vitro Ta in vivo, ornA40BI CTATTi | NaTEHTU, WO HaAaTb AaHi Npo
¢isionoriyHy ponb Navl.5 Ta iforo isodpopm B OHKOreHesi Ta MeTacTasyBaHHi.
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Navl.5 — i3opopma HaTpieBMX KaHaniB, WO peryntotoTbes Hanpyroto (NaV), ocHOBHWI y KapaiomiouuTax, 3a-
6e3neuye wenaknn npuname Na* nig yac ¢asm genonapusalii cepueBoro noteHLiany Aji Ta eKCnpecyeTbesa y mio-
Kapai, nyyky lica, rinkax nyyka Ta BosiokHax [MypkiHbe. Navl.5 Ta nNavl.5 eKcnpecytoTbca TaKoXK y KAITUHAX paKy
MOJIOYHOT 331031, POPMYIOTb CTiIAKMI HATPIEBUI CTPYM, 3MIHIOIOTb KiHETMKY aKTUBaL,ii 1 iHaKTMBALLT, NiABULLYIOTb
akTuBHicTb Na*/K*-ATda3u Ta nosaknituHHe nigkucneHHa, nNavl.5 6inbw cTilika Ao HM3bkoro pH. Navl.5 6epe
yyacTb y ¢popmyBaHHi Komniekcis 3 Bl-iHTerpuHom, K*-kaHanom hERG1 i Na*/H*-aHTunoptepom NHE1. biokaaa
Navl.5 HeceneKkTMBHMMM (NifOKaiH Ta paHONA3MH) iHriGiTopamm NpUrHivyye natonoriyHMi nisHi ctpym Navl.5, a
CeNeKTUBHI iHribiTopu abo aHTUTINA Ao Navl.5 3HMKYE iHBa3ito KNITUH Ta 06’eM NyX/IMH y Mogensx in vitro i in vivo.
KniHiuHi gocniarkeHHs 6nokatopis Navl.5 Ha 2025 pik nepebyBatoTb Ha pPaHHIX CTa4isfX, A&MOHCTPYIOYM NOTEHLian
AK TapreTHoI Tepanii.

EKcnpecia noTeHujan 3anexxHnx HaTpieBmx KaHanis Navl.5 (isodopma nNavl.5) B KAiTUHaX paKy MOIOYHOT 3a-
103U cnpuse iHBas3ii, MeTacTasyBaHHIO i pocTy Nyx/nH. BioKkyBaHHA NNavl.5 3meHLWwye iHBa3iMHWI NoTeHLian i macy
NyX/IKH, IX MeTaboni3M i B3BaEMOLI0 3 NO3aKNITUHHUM MATPUKCOM Y AOKNIHIYHUX MOAENSX, WO AAE MOXKAUBICTb A8
pP0O3p0o6KM BMCOKOCNEUNDIYHOTO HAaNPsAMKY XimioTepanii OHKO/IOMYHMX 3aXBOPIOBAHb.

Kntouosi cnosa: Navl.5, nNavl.5, noTeHuian3anexHuii HaTpieBUI KaHas, Pak MOJIOYHOI 3371031, MeTacTasyBaH-
Hf, iHBa3is, E3Ab, iHribiTopu NaV 1.5.

NAV1.5: ATYPICAL FUNCTIONS OF VOLTAGE-GATED SODIUM CHANNELS IN TUMOR CELLS AND NEW
PERSPECTIVES IN THE TREATMENT OF BREAST CANCER

Tkachenko S. S., Rodynskyi O. H., Portniaha M. M.

Abstract. The aim is to systematize the data of scientific publications devoted to the physiological function of
the voltage-gated sodium channel Nav1.5 in normal and tumor processes, to summarize the results of studies of its
selective inhibition in breast cancer.

Search in PubMed, Scopus and Web of Science databases (2019-2025) using the key terms “Nav1.5”, “SCN5A”,
“nNav1.5”, “voltage-gated sodium channel”, “breast cancer” was conducted. The analysis included 25 sources — re-
ports of experimental studies in vitro and in vivo, review articles and patents, providing data on the physiological
role of Nav1.5 and its isoforms in oncogenesis and metastasis.

Nav1.5 is an isoform of voltage-gated sodium channels (NaV), in cardiomyocytes it provides a rapid influx of
Na* during the depolarization phase of the cardiac action potential and is expressed in the myocardium, bundle
of His, bundle branches and Purkinje fibers. Nav1.5 and nNav1.5 are also expressed in breast cancer cells, form a
stable sodium current, change the kinetics of activation and inactivation, increase the activity of Na*/K*-ATPase and
extracellular acidification, nNav1.5 is more resistant to low pH. Nav1.5 is involved in the formation of complexes
with B1-integrin, K*-channel hERG1 and Na*/H*-antiporter NHE1. Blockade of Nav1.5 with non-selective (lidocaine
and ranolazine) inhibitors inhibits the pathological late current of Nav1.5, whereas selective inhibitors or antibodies
reduce cell invasion and tumor volume in in vitro and in vivo models. Clinical trials of Nav1.5 blockers are in early
stages by 2025, demonstrating potential as targeted therapies.

Expression of voltage-gated sodium channels Nav1.5 (nNav1.5 isoform) in breast cancer cells promotes invasion,
metastasis, and tumor growth. Blocking nNav1.5 reduces tumor invasion potential and mass, their metabolism, and
interaction with the extracellular matrix in preclinical models, which provides an opportunity for the development
of highly specific chemotherapy for cancer.

Key words: Nav1.5, nNav1.5, voltage-gated sodium channel, breast cancer, metastasis, invasion, E3Ab, NaV 1.5
inhibitors.
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