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B cTaTbe npvBoAMTCA 0630p IMTEPATYPHBIX AaHHbIX MO SMUAEMUOIOTUM aKTUHUYECKOTO KepaTosa (AK), naToreHesy 3aboneBaHUA, CI0OXKHOCTU KUHU-
ueckoit anddepeHumaumm AK ot N10CKOKNETOUHOrO paKa Koxu (MKPK). MoKasaHbl pa3nnyHbie TOUKM 3peHUs aBTOPOB No NOBOAY NPOrHO3a PasBUTHA
3abonesaHnA u ero ructonoruyeckoro cpoactea c MKPK, 4to onpegenseT BaHOCTb Npobaembl paHHEN AWMArHOCTUKKU Mpouecca TpaHchopmaLmu.
B KauecTBe paHHMX AMArHOCTMYECKMUX TECTOB, MO3BOAOLLMX ONpPeAenvUTb NPOLECC MaAUrHM3aLMK Ha PaHHKUX 3Tanax, UCCieaoBaTeny npeasaratot
pa3nunyHble MapKEpbI, Takne Kak pl6, p53, p63 1 ap. ABTOpbI 060CHOBBLIBAIOT 3TO HAIMYMEM MYTALLMI TEHOB, SKCMPECCUPYIOLLMX AaHHbIE BeKK, YTO
HenocpeacTBEHHO OTPAXKAETCA Ha naToreHese 3abonesaHua. [pyras rpynna aBTopoB, y4YMTbIBaA 3HAYUTENbHYIO PO/Ib BOCMAZIMTENLHOMO NpoLecca B
natoreHese AK, npesanaraet onpesenaTb YPOBEHb Pa3/IMYHbIX LIUTOKMHOB, TEM CamMbIM NOAYEPKMBAA ONpeaenstoLLyto ponb YP-usnyyeHuna B 3anycke
BCEro naToreHeTMYecKoro Kackaga passutusa AK. Npu 3Tom 60/IbLIMHCTBOM aBTOPOB NMPU3HAETCA POJIb PA3/INYHbIX OENKOB B KAUECTBE PaHHUX UMMY-
Hornctoxummuyeckux (MrX) mapképos HebnaronpuaTHoro cueHapus 6onesHn. OnucaHbl NaTOreHeTUYECKUE MEXaHU3Mbl BO3LENCTBUA MapKEpPOB pl6,
p53, p63, Bel-2 n ap. Ha gaHHOM 3Tane BeayTcs UccaefoBaTebCKMe paboTbl MO ONpeaeNeHnto HOBbIX MapKEPOB, Takux Kak claudin, T-Cadherin n gp.
HecmoTpa Ha nonyyeHHble pesybTaTbl, MOUCK PAHHWUX MapKEPOB MAJIMTHU3ALLMM NPOAOIKAETCA, M ONPeAeNeHbl ero NepcnekTUBHbIe HanpasaeHus. B
asrycte 2023 r. 6611 NpoBeaéH nouck B 6ase aaHHbIx PubMed Clinical Queries no KntoueBbim TepMUHam «actinic keratosis», «pathogenesis of actinic
keratosis», «progression of actinic keratosis to squamous cell carcinoma». CTpaTerns noucka BKat4Yana Bce KAMHUYECKME UCMbITaHWA, 06cepBaLIMOH-
Hble UcCefoBaHNA, COOBLLEHMA O cayyasx M 0630pbl iMTepaTypbl, onyb6AnKoBaHHbIE 3a nocnegHue 10 net. UcKaoUYeHUA COCTaBUAN COObLLEHNA U3
MCTOYHMKOB 6e3 peLeH3nMpoBaHua (yuebHble U meToguyeckue nocobus, pekoMmeHaauum U cbopHUKM KoHbepeHLmit). MHbopmaums, nonyyeHHasn B
pesy/ibTaTe NOWCKa, Oblsia UCNOb30BaHa NPU COCTABAEHWUWN AAHHOW CTaTby.

KnioueBble cnoBa: akmuHuYecKuli Kepamos, namozeHe3s, KAUHUYEeCKUe (hopMbl, PaHHUE OUA2HOCMUYECKUEe MAPKEPbI, MPo2peccuposaHue, naocKo-
KnemoyHsbll pak, npedpaxossie 3a601e8aHUS KOXU.
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The article provides an overview of the epidemiology and pathogenesis of actinic keratosis (AK) and its clinical differentiation from cutaneous
squamous cell carcinoma (SCC). The authors present varying perspectives on the prognosis of the disease's development and its pathogenetic link to
SCC, highlighting the significance of early diagnosis of the malignant transformation. Researchers suggest several markers, such as p16, p53, and p63,
to identify the malignant transition in its early stages. The authors support their hypothesis by offering that mutations in genes that express these
proteins directly impact the progression of the disease. Another group of authors, recognizing the significant role of inflammation in the pathogenesis
of AK, suggest determining the level of various cytokines, emphasizing the essential role of UV radiation in triggering the entire pathogenetic cascade
of AK development. Meanwhile, most authors acknowledge that various proteins act as early immunohistochemical (IHC) markers of an unfavorable
disease prognosis. They describe the pathogenetic mechanisms of the effect of markers such as p16, p53, p63, and Bcl-2. Research is underway
to identify new markers, such as claudin and T-cadherin. In August 2023, a search was conducted on the PubMed Clinical Queries database using
keywords such as "actinic keratosis", "pathogenesis of actinic keratosis", and "progression of actinic keratosis to squamous cell carcinoma" to look for
early markers of malignancy. The search strategy included clinical trials, observational studies, case reports, and literature reviews published in the last
decade. However, sources without peer review, such as educational and methodological guidelines, recommendations, and conference proceedings,
were excluded. The information obtained through this search was used to compile this article, and promising directions for the search for early
malignancy markers were identified.
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BBEAEHMUE

PocT oHKoMOrMYeckux 3abonesaHuit BO BCEM MUpe ABIAETCA
OAHOWN W3 aKTya/bHeWWwux npobsem COBPEMEHHOW MeauLUMHbI, a
OHKO/IOTMYeCKas MaToNornA KOXW Yy YenoBeKa COCTaBAAET 3Hauu-
Te/IbHbIV YAENbHbIN BEC B CTPYKTYpe 3a601eBaeMOCTH, YCTynas NnLlb
paKy rpyan v MaTKu y KeHWwuH [1]. Npobnema npodunaktvku faH-
HbIX 3a00N1eBaHUI TECHO CBA3aHA C MYOOKMM MOHMMaHWEM MmaTore-
HEe3a OHKOJIOMMYECKMX 3a601eBaHN, OHKONOTUYECKON HACTOPONKEH-
HOCTW, BK/IOYalOLLel paHHee BbifiBNEHWE NPepaKoBbIX COCTOAHWM,
CBOEBPEMEHHOIO /IeYeHUA C LieNblo NPOGUNAKTUKM MaNUrHU3aLMK.
Mpenpakosble COCTOAHWMA KOMW B OONBLUMHCTBE C/y4aeB BO3HMU-
KalOT Ha OTKPbITbIX Y4aCTKaX KOXM, MOABEPKEHHON A/UTeNbHOMY
CONHEYHOMY BO3AeicTBMIO. YacToTa BblleyKa3aHHbIX 3abonesaHuin
cocTasnseT oT 10 go 15%, a ux AMarHOCTVKa, 0COOEHHO Ha PaHHMX
CTaZmAx, Agnaetca 60bwon npobnemoit [2]. B neyebHble yupexae-
HMA NaLMEHTbl C TaKUMMU HO30/0MMYECKMMU €AMHULIAMMU 3a4acTyIo
obpalualoTca yiKe B 3anyLleHHbIX cTaamnax. [locneaHee cBA3aHoO ¢ Tem,
4TO MHOTMe NpeApaKoBble U PaKoBble 3ab0eBaHMA 0YeHb CXOAHbI C
BOCMa/IMTENbHLIMW AePMATO3aMK, KaK MO TEYEHMIO, TaK U NO KANHK-
YeckMM nponAsaeHuAm. B utore, No3gHAA AMArHOCTUKA NPUBOAMT K
Pa3BUTMIO OCNOXKHEHWM, POCTY HeonepabesibHbIX onyxonen u obeso-
6pakvMBaHUIO TeNa Aaxe NpU ycnewHom neveHnn. B nepmatooHKo-
Nnorum Hambonee 4acTbIM U aKTyaNbHbIM NpeapakoBbiM 3aboneBaHu-
em aBnsetca AK, KOTOpbI HEKOTOpPbIe Y4éHble OTHOCAT K 06A1raTHOM
rpynne npespakosbix 3abonesanuii [3].

AK (conHeyHbI KepaTos) ABAETCA KePaTOTUYECKUM U 3pUTEMA-
TO3HbIM NOPaXKEHWEM, BO3HMKAIOLLMM Ha KOXe B3POC/I0ro Ye0BeKa,
NoABepKeHHOro XPOHUYECKOMY BO3ZeicTBuMio cBeTa [2-4]. AK paHee
CYMTANCA NPEeAPaKOBbIM MOPAKEHNEM C HU3KUM UHAMBUAYANbHBIM
NOTEHLMANOM 03/710KaYeCTBNEHNA U BO3MOMXHOCTbIO CMOHTaHHOW
perpeccun. OpHako, yunTtbiBaa nossaeHne AK Ha XpOHWYECKM no-
BPEXAEHHOW CONHLEeM Koxke, 6amsoctb AK u MKPK, ructonornyeckoe
¥ MONEKYNAPHOE CXOACTBO MEXAY HUMM, NPoJo/MKatoTea AebaTbl OT-
HOCUTENbHO TOrO, ABAAIOTCA I OHU OTAENbHbIMUW, HO Pa3BMBAOLLM-
MUCA B TaHAEME NaTONOTMAMM, AN OAMH BeLET HenoCpPeACcTBEHHO K
apyromy. B ofHoM npocnekTMBHoM doTorpadnyeckom MOHUTOPUHIE
— MUCCNefoBaHMM B TeYeHUeE 5 neT — oKaszanoch, Yto 65% cnyyvaes MKPK
BO3HWK/IN Ha MecTe paHee AOKYMeHTMpoBaHHbIX AK [3].

MporpeccupoBaHue AK B MHBa3MBHbIM MKPK, no faHHbIM pas-
Nn4YHbIX aBTOpoB, Nponcxoaut ot 0 Ao 0,53% Ha ogHOo nopaxeHune AK
B rog, [4, 5]. B paboTe amepuKaHCKMX Y4€HbIX BbifiBneHOo, YTo y 0,6%
nauneHTos MNKPK passuBaetca Ha mecTte oyara AK B TeyeHue nepeoro
roga v B 2,57% cnyyasx — B TeyeHue 4 net, COOTBETCTBEHHO [5]. MaTe-
MaTUYeCcKne MoAeNN, NoNYYeHHbIe U3 UCCNea0BaHMA, NPOBEAEHHOIO
Marks R et al ewwé 8 80-x rogax NpoLLoro BeKa, NOKa3bIBatoT, 4To Npu
Hanuuum y yenoBeka B cpegHem 7 ovaros AK, BEPOATHOCTb Pa3BUTUA
MKPK B TeueHne 10 net coctaenset npumepHo 10% [5]. OaHo uccne-
[l0BaHMe, NOCBALWEHHOE OLEeHKe 4acToTbl peunansos AK, BbIABMIO
B0306HOBNEHWe 3aboneBaHua y 57% ouaros nopaxeHus. [aHHbli
dbakT ceupetenbcteyet, uto AK 6e3 afeKBaTHOro sleueHUa ABAsAeTcA
AMHAMUYECKMM XPOHUYECKUM COCTOAAHMEM C OTHOCUTE/IbHO HWU3KOM
BEPOATHOCTbIO CMOHTAHHOW MOJIHOM perpeccuu. YunuTbigas puck npo-
rpeccupoBaHma B MHBa3MBHbIN MKPK 1 oTCcyTCTBME TOYHbLIX NPOrHO-
CTUYECKMX cnocoboB onpeAeneHNUs NOBPEXAEHWUMN, NOABepPKEeHHbIX
PUCKY NPOrpeccupoBaHus, CTAHOBUTCA OYEBUAHBIM HEODXOAMMOCTb
afekBaTHoro neveHus AK 1 nonei KaHueporeHesa [6].

ANMaemMmnonornyeckme AaHHble AeMOHCTPUPYIOT BbICOKYIO Ya-
cToTy BCTpeyaemoctt AK B nonynaumsax ¢ npeobnagavmem 1-3 ¢o-
TOTUNA KOXKM M yBenndeHune cnydaes AK B nocnegHue gecAtunetma
B MMPOBOI KAMHMYECKOMN NpaKTuKe. Bo Bcém mupe AK nepepoxaa-
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INTRODUCTION

Cancer is one of the most pressing problems in modern
medicine, and skin cancer is a significant contributor to morbidity
rates, ranking second only to breast and uterine cancer in wom-
en [1]. Preventing diseases related to cancer is intertwined with
a thorough comprehension of carcinogenesis and a high index
of suspicion for cancer, including early detection of precancer-
ous conditions and treating them promptly to prevent malignant
transformation. In most cases, precancerous cutaneous condi-
tions appear in the sun-exposed areas, particularly in older in-
dividuals who have experienced decades of sun. The incidence
rate of these diseases ranges from 10 to 15%, and their diagnosis,
particularly in the early stages, poses a significant challenge [2].
Patients with neoplastic diseases often seek medical care in ad-
vanced stages. Patient delays in seeking medical help are main-
ly because many precancerous and cancerous diseases closely
resemble inflammatory dermatoses in terms of clinical presen-
tation. Consequently, delayed diagnosis leads to complications
such as tumor unresectability and body disfigurement, even with
successful treatment. Among the most common and critical pre-
cancerous diseases in dermatologic oncology is AK, which some
scientists classify as obligatory precancerous lesions [3].

AK, also known as solar keratosis, is a keratotic and ery-
thematous lesion on the skin of adults chronically exposed to
sunlight [2-4]. AK was once considered a premalignant lesion with
low individual potential for invasive malignancy and potential for
spontaneous regression. However, due to the development of AK
in chronically sun-damaged skin and the potential progression of
AK to SCC with histological and molecular similarities between
them, there is an ongoing debate about whether they are sep-
arate lesions that develop concurrently or if one leads directly to
the other. In a photographic monitoring study over 5 years, 65%
of SCC cases were found to have arisen at the site of previously
documented AK [3].

The risk of progression from AK to invasive SCC ranges from
0 to 0.53% per lesion per year, according to various studies [4, 5].
Marks R et al (1988) suggest that SCC develops at the site of the
AC lesion in 0.6% of patients within the first year and 2.57% of
cases within four years. The mathematical models derived from
research conducted by the authors in the 1980s show that if a
person has an average of 7 lesions of AK, they have approximate-
ly a 10% chance of developing SCC within 10 years [5]. A study
conducted to assess the recurrence rate of AK found that nearly
57% of the lesions experienced a recurrence of the disease. The
recurrence rate indicates that AK if left untreated, is a persistent
chronic condition unlikely to regress entirely. In the absence of
accurate prognostic methods for identifying lesions at risk of pro-
gression, and given the potential risk of progression to invasive
SCC, it is imperative to provide adequate treatment for AK and
field carcinogenesis [6].

There has been a rise in cases of AK in recent years, particu-
larly within populations with Fitzpatrick skin type I-lll. AK has be-
come the most common carcinoma in situ in humans worldwide.
Many factors increase the risk of AK, including age, gender, and
cumulative exposure to UV radiation. Patients with AK often have
specific physical characteristics such as dermatoheliosis, freckles,
wrinkles, and solar lentigo. Other factors that increase the risk of
AK include geographical location close to the equator and at high-
er altitudes, frequent sun exposure, sensitive skin, cases of sun-
burn in childhood, certain genetic disorders such as xeroderma
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€TCA B CaMyt0 YacCTyHo KapLMHOMY Yy YenoBekKa in situ. MommMmo nona
M BO3PaCTa, M3yyatoTca U apyrue ¢akTopbl PUCKa, CBA3AHHbIE C Ky-
MYNATMBHBIM BO3aeicTBUEM ynbTpaduonetosoro (YP) obnyyenus. Y
60nbHOro AK 4acTo 0OTMEYatoTCA XapaKTepHble NPU3HAKKU: epmaTtore-
/1103, BECHYLKWN, MOPLLMHbI U COMHEYHOE NIeHTUro. feorpaduueckmne
baKTopbI (BbICOTA M LWIMPOTA), yBENMYEHHbIE BPEMEHHbIE Nepuoabl Ha-
XOM/EHWA Ha CoHLE (MOe3aKM B XapKue CTpaHbl, MOAA Ha «3arap»),
4yBCTBUTENIbHAA KOKA, C/ly4am HacTbIX COHEYHbIX OXOrOB B AETCTBE,
0CcObEHHOCTM GOTOTUNA WHAMBUAYYMA, TEHETMYECKME HapyLueHWs
(nMrmeHTHaA KcepoZepma), a TakKe UMMyHoaeduuut bnaronpuat-
cTBytoT passuTuio AK. Monosble pasnnuma B npodpeccMoHanbHOM nna-
He Bo3gelcTBuA YO 06nyueHMs obbACHAIT 60MbLy0 pacnpocTpa-
HEHHOCTb AK Y MY}XUMH, YEM Y XKEHLUMH, B OCODEHHOCTM Yy MONOABIX
noaen [7].

Knaccndumkaumio npensnoKavyecTBeHHbIX M 3/10KaYeCTBEHHbIX
3ab0n1eBaHNIA MOXKHO Pa3AenvTb Ha ABe Kateropuw. Mepsas — Kau-
HWUYECKasn, XapaKTepusytoLwan KAMHUYECKYIO KapTUHY, KOTOPYHO BpaY
HabnogaeT B13yanbHO, U BTOPAsA — MMCTON0OrMYecKas, noce nposese-
HWS AMarHoCTMYecKol broncun. Kak mbl yxKe onucbianu, AK nHTepe-
CEH TeM, YTO OH CTOMUT Ha NOpOre 3/10Ka4YECTBEHHOCTH, a PS4, aBTOPOB
[a)Ke paccmaTpuBaeT ero Kak HavanbHyto ctaguto MKPK [7, 8].

B 3aBMCMMOCTM OT KAMHMYECKOW KapTuHbl 3aboneBaHus AK
KnaccuouumpyeTca Ha cnegytolme Gopmbl: TMNEPKEPATOTUYECKUN,
aTPOPUYECKMIA, KOXKHbIA POr, BEPPYKO3HbINA, MUTMEHTUPOBAHHbIN,
NINXEHOUAHDBIN. [1pU 3TOM YETKMUX KAMHUYECKUX FpaHuL, mexay AK u
MKPK HeT, 4TO CBMAETENLCTBYET O CIOKHOCTAX UX AMArHOCTMPOBAHMA
[9].

B HefaBHEM UCCe0BaHMM, NPOBELEHHOM HEMELLKUMM YYEHDI-
Mm Schmitz L et al (2016), npu n3yyeHun 6onbHbIX AK BbISACHEHO, YTO
13 892 cnydyaes ToNbKo Y 53,8% Ntoaelt 3aboneBaHMe COOTBETCTBOBA-
N0 KaK KnuMHUYeckon Knaccudukaumm E.A. Olsen, Tak 1 ructonormye-
CKoWi Knaccudurkaumm Robert-Huber, n camoe MHTEpPECHOE, UTO MeXaY
3TUMM KNaccUPUKaLMAMM He Bbino 3HAUUTENbHOM Koppenaumm [10].

AK B OCHOBHOM BbI3BaH HEMOHM3UPYIOWMM M3NTy4EHMEM, B
pesynbTaTe XPOHWUYECKOTro BO3ZeUCTBUA YP-U3nyyeHus npenmylue-
CTBEHHO Ha KOMY T00Bbl U TbiJIbHYIO CTOPOHY PYK Y CBETNOKOXKMX
nopen. PasbAcHEHWEe NOTEHUMANbHOTO BAMAHWA CONHEYHOrO CBeTa
Ha MONIEKYNAPHO-TEHETUYECKME AaHHbIE, @ TaKKe Ha YO-B-cneunduuy-
Hble MyTauum p53 npmuBoaunock B pabote Ziegler A et al eLwé B KoHLe
npowwnoro croneta [11]. CywiecTByeT BbICOKaA pacnpocTpaHEHHOCTb
AK cpeaym Tex, KTO CTpaAaeT OT XPOHWYECKON MMMYHOCYNPeccum, 0co-
GEHHO 3TO KacaeTCA PeLUnUEHTOB C NEPecaXkaHHbIMM OpraHamu, HO
TaKXKe M NALMEHTOB, ANNTE/IbHOE BPEMSA NOYYatOWMX SIe4eHNe UM-
MYHOCYNpeccaHTamu, NPy BOCNANNUTENbHbIX 33601€BaHUAX KULIEYHU-
Ka, Hanpumep npu 6one3nn KpoHa. [pyrymn BO3MOMHbIMK aKTo-
pPamMmM pUCKa ABNAIOTCA BO3AENCTBME MbILUbsAKA M YacTOe MOCELLEeHME
conapus. foBopa o nposoumpytowmx daktopax AK, Henb3sa 3abblBaTb
0 NPUMEHEHWM NCOPaNeHa NPU NEYEHNN XPOHUYECKMX AEPMATO308B,
PEHTTEHOBCKME IY4N UM PAAMON30TONHbIE METOAbI TEPANMM NPU OH-
Konatonoruu [12].

B To Bpems Kak YP-A (320-400 HM) MHUUMMPYET HOTOOKUCN-
Te/IbHbIA CTPEcc, CnocobCTBYA MOSIBAEHWIO XapaKTEPHbIX MyTaLuid
[OHK, cnektp Y®-B-06nyueHms (290-320 Hm) HENOCPEACTBEHHO MHAY-
umpyet obpasosaHune aumepa UMkaobyTtaHa (TumuHa) B AHK 1 PHK.
B cnyyae OTCYTCTBMA COOTBETCTBYHOLLMX MEXaHW3MOB penapauum
[JaHHble n3meHeHna JHK MHULMKMPYIOT pag, MyTaLmuii KepaTUHOLMTOB,
CMOCOBCTBYIOLLMX Pa3BUTHIO U NporpeccupoBaHmio AK [13].

AccoLaLma Mexay KOXKHbIMU TUNaMK BUPYCa NanuanoMbl Ye-
noseka (BMY) v KaHLEpOreHe30M KOXM XOpOLIO M3BecTHa ¢ 1978 T.
Ha NpvMepe NauMeHToB C BeppyLnbOpMHON anuaepmamncniasnei
[14]. Mo mHeHwto Barr BB et al, BMpycbl nannaiombl YenoBeKa UrpatoT

pigmentosum, and immunodeficiency. Men are more likely than
women to develop AK, particularly at a young age, due to differ-
ences in occupational UV exposure [7].

Premalignant and malignant diseases can be classified into
clinical and morphological categories. The clinical assessment is
based on objective observations, while the morphological evalu-
ation is based on a diagnostic biopsy. AK is of particular interest
as AK and SCC represent the same disease process at different
stages of evolution, and some experts even regard it as the initial
stage of SCC [7, 8].

AK can be classified into different forms depending on the
clinical picture of the disease. These forms include hyperkera-
totic, atrophic, cutaneous horn, verrucous, pigmented, and li-
chenoid. It is important to note that no clear clinical boundaries
between AK and SCC make their diagnosis difficult [9].

According to a recent study by Schmitz L et al (2016) on
patients with AK, only 53.8% of the 892 cases had the disease
consistent with the Olsen clinical classification scheme and the
Roewert-Huber histological classification system. Interestingly, no
significant correlation was found between these classifications
[10].

AK is mainly caused by non-ionizing radiation, which results
from chronic exposure to UV radiation. This exposure is more
common on the scalp and back of the hands in fair-skinned in-
dividuals. The potential impact of sunlight at the molecular and
genetic levels and UVB-specific p53 mutations was explained in
a study conducted by Ziegler A and colleagues in the late 20th
century [11]. AK has a high prevalence among individuals with
chronic immunosuppression, particularly among organ transplant
recipients and those who receive long-term immunosuppressant
treatment for inflammatory bowel diseases, such as Crohn's dis-
ease. Other potential risk factors include consistent exposure to
arsenic and frequent use of tanning beds. When discussing the
factors that trigger AK, it is essential to consider using psoralen
to treat chronic dermatoses and X-ray or radioisotope therapy in
cancer treatment [12].

UV-A radiation (320-400 nm) causes photo-oxidative stress,
which leads to the development of characteristic DNA mutations.
On the other hand, UV-B radiation (290-320 nm) directly triggers
the formation of cyclobutane (thymine) dimer in DNA and RNA.
If the appropriate repair mechanisms are impaired, these DNA
changes can result in several keratinocyte mutations that contrib-
ute to the development and progression of AK [13].

The link between different types of human papillomavirus
(HPV) and skin cancer has been established since 1978 in patients
with epidermodysplasia verruciformis [14]. According to Barr BB
et al (1989), HPV can play a significant role in causing AK [15].
Cutaneous HPV types and, in rare cases, genital HPV types have
been found in AK [16]. Studies have shown that the viral protein
E6, found in cutaneous HPV, can have oncogenic effects. The
oncogenic effects are associated with E6 interacting with the
proapoptotic buck protein, which inhibits apoptosis. Another
study found that although HPV presence in skin cells was low, it
potentiated the effects of other risk factors such as sun exposure,
light skin, and old age in the development of AK [17].

AK can occur as a single lesion or form a field of canceriza-
tion in sun-exposed areas. Interestingly, approximately ten sub-
clinical lesions develop in this field for every visible focus of AK.
This phenomenon is often noticed on the forehead or the back of
the hand. After genetic alternations occur, the cell forms a clon-
al unit, giving rise to new dysplastic cell clones. These dysplastic
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BaYKHYIO POJ/ib KaHLeporeHoB B aTnonatoreHese AK [15]. Mpu AK 6blan
06HapyKeHbl KOXKHbIE TUMbI W, PEAKO, reHnTanbHble Tunbl BMNY [16].
OHKoreHHble 3¢ deKTbl bbIM AeTaNbHO ONKUCaHbI A1 BUPYCHOTO ben-
Ka E6 npu KoHbIx BMY, cyTb KOTOPbIX CBOAMTCA K B3aMMOZENCTBUIO
E6 c npoanontotMyeckum Bak-6enKkom, YTO NPUBOAUT K MHrMBUpo-
BaHWIO anonTosa. MccnenosaHne B3aMMOCBA3W MEXAY BO3AENCTBU-
em conHua, BNY 1 passutrem AK BbIfBUIO, YTO HECMOTPSA Ha TO, YTO
npucyTctame BMNY 8 HK KNeToK KoK 6b110 He6onbMM, BMY-MHbEK-
LmMA noTeHumpyeT 3GdeKTbl OT BbIABAEHHbIX HAKTOPOB PUCKA, TaKMX
KaK gonroe npebbiBaHMe Ha COJHLIE, CBET/IAN KOXKA, MOXKMIOMN BO3pacT
[17].

AK MOXKeT BO3HMKaTb Kak eIMHUYHOE NoparkeHue uam obpaso-
BbIBaTb «MO/E KaHLepM3aLmMm» Ha yyacTKax, NoABepKeHHbIX BO3Ae-
CTBMIO COMHLA. MIHTepecHbIM GpaKT: Ha oguH BUAMMBIN ovar AK npuxo-
[MTCA OKONO AEeCATU CYBKNMHMYECKMX 04aroB, KoTopble M 0bpasytoT
370 none. OCO6EHHO YacTo 3TO ABNEHWE MOMHO 3aMETUTb Ha KOXe
n6a UK TbIbHOW CTOPOHbI KUCTK. [locne BO3HUKHOBEHUA reHeTUYe-
CKUX U3MEHEHMIA KNeTKa NepBOHa4aibHO 06pasyeT KNOHAbHYIO efu-
HULLY M AAéT HavyaNo HOBbIM KNOHAM AMCNAACTUYECKMX KNETOK. ITu
[AMCNNacTMYECKne KNEeTKM GOPMMPYIOT oYar, KOTOPbIN MOXKET 06pa3o-
BaTbCA B KOPOTKME CPOKM NOC/IE NEPBOHAYANbHOTO TEHETUYECKOTO W3-
MEHEHWA AW NPOABMUTLCA rodpl cnycTa. B nepsyto ouepeanb, cnepyet
obpallaTb BHUMaHWE Ha TOPU30HTAIbHOE pacLUMpeHMe AUCNacTUYe-
CKOrO MoAA, KOTOPOEe ABNAETCA CNEeAYHOWMM LIArOM K 3/10Ka4ecTBeH-
HoW onyxonu. Bo3HMKHOBeHMe nonei KaHuepusauum BUAHO MNOYTU
Ha BCEX aNUTENMaNbHbIX MOBEPXHOCTAX, BK/KOYAA, Hanpumep, NErkoe,
LIeWKy MaTKu, rpy4b U TOACTYHO KULLKY [18].

CoBpemeHHble npeacTaBneHus 06 atmonatoreHese AK 3aTpo-
HYNO Takne 0BbEKTUBHbIE UCCNEA0BaHMUA, KaK MONEKYNAPHAA reHe-
TMKa. B3anmocsasb AK u MKPK 4éTko nposasnsetca B CBA3AHHbIX C
PaKOM MONEKYNAPHbIX M3MEHEHUAX, rAe 0OHaPYXMBAKOTCA CXOA4HbIE
myTauum Kak npu AK, Tak u npu MNMKPK. 310 reHeTyeckoe cpoacTBo
NOAAEPKMBAET 3/10KaUeCTBEHHYIO CyLHOCTb AK ¢ MOMeHTa eé Bo3-
HUKHOBEHMA. iccnenoBaHusa onpeaenvv BoICOKYH YacTOTy MyTaLMii
reHa-cynpeccopa onyxosnei p53 1 NoBbILWEHHYHO IKCNPECCHIo TeNoMe-
pasbl TPaHCPOPMMPOBAHHDBIX KepaTUHOLMTOB [19].

MatoreHe3 AK MOXHO pa3genuTb Ha Tpu KaTteropuu. Mepsas —
aKTMBaLMA NPOBOCMANUTENBHbBIX MEMATOPOB BOCMANEHWSA, BTOPasA —
noAasneHne NpoanonToTUYecknx 6enKkoB M TpeTbAa — NpAmoe no-
BpexaeHune AHK kepatuHouuTos [18].

BocnanutenbHblii Npouecc MHAYLMPYeTCA NPOoAyKUMen apaxu-
[IOHOBOW KWCNOTbI, NPOBOCNANUTENBHBIX LIUTOKUHOB C O4HOBPEMEH-
HOW aKTUBaLMEN TyYHbIX KNETOK, MHIMBMpPYtoLwero gakTopa murpaLmm
Makpodaros. MocnesicTBUAMM aKTUBALLMM STUX MEAUATOPOB ABNAETCA
NepeKncHoe OKMUCeHWe NNNNAOB, yBENUYeHWe YPOBHA T-niumdoLmToB
W KNeToK JlaHrepraHca B oyarax AK, nosbiweHune p53 v Bcl-2, ymeHb-
weHwue Fas (CD 95) u Fas-nuraHaa, ABAAIOLWMXCA BaXKHbIMM UCXOAHbIMU
¢baKkTopamm anonTosa KAETOK, MyTUPOBABLUMX NOA, Bo3aencTeuem YO
[20]. B nopakeHusx, koTopble nporpeccuposany fo MKPK Habnogaet-
€A OTYETIMBAA CBA3b MEXAY BoCraneHnem u passutvem AK. B Takux
cnyyanx AK, npexae Y4em CTaTb MHBa3WBHbIM, MPOXOAUT BOCNAUTENb-
Hyto $asy. IGPeKTUBHOCTL NPOTUBOBOCMANNTENLHON TEPANUKU NpU e-
yeHumn AK HarmnagHo NoaTBepKAAET faHHbIN daKT [18, 19].

YpesmepHoe Bo3aAeNCTBME YD-M3TYYEHUA M OKUC/IUTENbHbIN
CTpecc TaKXKe MMeIoT 3HaueHue B npolecce KaHueporeHesa. Pesynb-
TaTOM €ero ABNAeTCA BblpaboTKa aKTMBHbIX GOPM KMC0POA], NMPUBO-
[AWAA K NEPEKUCHOMY OKWUCIEHWUIO IMMUAOB C NOCNeaytoWwym pas-
PYLEHMEM KNETOK U U3MEHEHWEM TEHOMHOW U MUTOXOHAPUAbHOW
[OHK [19]. M3meHeHMA B NyTW TPAHCAYKLMM NPOUCXOAAT B pesynbTaTe
dochopnnnpoBaHMa MeMOPAHHOM TUPO3MHKMHA3bI, @ TaKKe M3Me-
HeHWi B annaepmanbHom daktope pocta, B RAS un RAF. Kpome Toro,
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cells form lesions that may develop shortly after the initial genet-
ic change or appear years later. At first, it's essential to pay atten-
tion to the horizontal expansion of the dysplastic field, which is
the next step toward a malignant tumor. The occurrence of fields
of cancerization is visible on almost all epithelial surfaces, such as
the lung, cervix, breast, and colon [18].

Studies on the molecular genetics of AK reflect current
views on its etiopathogenesis. The relationship between AK and
SCC is evidenced by cancer-associated molecular alterations,
where similar mutations are found in both AK and SCC. This ge-
netic affinity maintains the malignant nature of AK from its onset.
Studies have identified a high frequency of p53 tumor suppressor
gene mutations and increased telomerase expression in trans-
formed keratinocytes [19].

The pathogenesis of AK can be divided into three categories.
These include the activation of pro-inflammatory mediators of in-
flammation, the suppression of proapoptotic proteins, and direct
damage to the DNA of keratinocytes [18].

The production of arachidonic acid and pro-inflammatory
cytokines triggers the inflammatory process. This leads to the
simultaneous activation of mast cells, which release an inhibi-
tory factor that prevents macrophage migration. As a result, lip-
id peroxidation occurs, and there is an increase in the levels of
T-lymphocytes and Langerhans cells in AK lesions. Additionally,
there is an increase in the expression of p53 and Bcl-2, while the
expression of Fas (CD95) and Fas-ligand decreases. These factors
play a crucial role in the initial stages of apoptosis (programmed
cell death) in cells mutated due to UV radiation exposure [20]. Le-
sions that progress to SCC have a definite correlation with inflam-
mation and the emergence of AK. In these instances, AK under-
goes an inflammatory phase before turning invasive. The efficacy
of anti-inflammatory treatment in AK therapy strongly supports
this observation [18, 19].

Excessive exposure to UV radiation and oxidative stress con-
tribute to carcinogenesis by producing reactive oxygen species,
which leads to lipid peroxidation, cell destruction, and chang-
es in genomic and mitochondrial DNA [19]. Phosphorylation of
membrane tyrosine kinase leads to changes in the transduction
pathway and epidermal growth factor, RAS, and RAF. Additionally,
nuclear factor kB dissociates from the inhibitory complex B [19].
These changes cause the production of cytokines, including inter-
leukin-1 (IL-1), tumor necrosis factor (TNF), and IL-6, and activate
the arachidonic acid pathway. This, in turn, leads to the move-
ment of transcription factors into the cell nuclei and the alter-
ation of gene expression [7, 19].

Impaired apoptosis can result from suppressing, eliminat-
ing, or activating apoptotic mediators. Proapoptotic tumor sup-
pressor genes and p53 apoptosis activity also play a role [19, 20].
At the early stage of skin tumors, a mutation of the p53 tumor
suppressor gene is induced by UV radiation [21]. A range of ge-
netic abnormalities can trigger the generation of tumor angio-
genic phenotype. These abnormalities include the activation of
oncogenes and increased functioning of suppressor genes [22,
23]. Tumor neovascularization increases the likelihood of cancer
cells spreading through the circulatory system and forming me-
tastases [23].

Many researchers have studied the use of the apoptosis
marker p16 in the diagnosis and prognosis of AK. The tumor sup-
pressor pl6 is encoded as CDKN2, and mutations in the p16 gene
have been identified as the first gene lesion in the progression
from normal skin to SCC. It is worth noting that p16 expression
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OTMEYaeTca Anccoumanmn aaepHoro ¢paktopa KB 13 MHrMbMpYytoLero
Komnnekca B [19]. 3TM uameHeHMA NPUBOLAT K BbIPabOTKe LUTOKM-
HOB, TaKUX KaK MHTepneikuH-1 (IL-1), daktop Hekpo3sa onyxonu (PHO)
1 IL-6, a TaK:Ke aKTUBaLMM NYTM apaxnaoHOBOM KMCNOTbI. B pesynbra-
Te NPOUCXOAUT NepemelLieHne GaKTOPOB TPAHCKPUNLMM B AAPA Kie-
TOK M U3MEHEeHMe 3KCnpeccun reHos [7, 19].

HapyleHve anonTos3a NpoOUCXOAUT B pesy/ibTaTe NogaBNeHus,
YCTPAHEHUA MAWN aKTUBALMM aNOMNTOTUYECKUX MEAMATOPOB, TAKUX KaK
p16 1 CD95, cBAzaHHbIX ¢ PHO, 1 NPoanoNTOTUYECKMX reHOB-Cynpec-
copos onyxonei. OnpeaenéHHyo Pob UIPAET U PErynaLmMa aKTUBHO-
ctv anonto3a p53 [19, 20]. Tak, Ha paHHEN CTaAWMM ONYXOEN KOXKM
BO3HMKAET MHAYUMPOBaHHaA YD-n3nydeHnem MyTauma reHa-cynpec-
copa onyxonu p53 [21]. Pag reHeTUYECKMX OTKNOHEHMM, NEXKALLMX B
OCHOBE MA/IMTHU3aLMK, K NPUMEPY aKTMBALLMA OHKOFEHOB M MOBbI-
WeHHoe PYHKLUMOHMPOBaHWE FreHOB-CYNPEecCcopoB, MOXKET 3anyCTUTb
NPOLLECC NepeKkoYeHNs — TPaHCPOPMaLMIO KNETOK ONYX0/N B aHIU-
oreHHbl deHotvn [22, 23]. BmecTe ¢ 3TUM, HEOMACTUYECKME COCY-
[bl YBE/IMYMBALOT BEPOATHOCTb METACTAaTUYECKOTO PacnpoCcTpaHeHua
PaKOBbIX KNETOK NO KPOBEHOCHOM cucTeme [23].

B amarHoctvke u nporHose AK MHOTMMM aBTOpaMu M3y4as-
cA Mapkép anonTos3a pl6. Cynpeccop onyxonu plé KogupyeTca Kak
CDKN2. MyTauuu reHa pl6 obHapy:KeHbl Npu AK, Kak nepsoe MaeH-
TMOULMPYEMOE NOBPEKAEHME TeHa B NPOLLECCe NMPOrPeccum OT Hop-
ManbHoOM Koxu fo MKPK. Cneayer oTMeTwTb, YTO 3Kcnpeccua plé
60on1ee BblpaKeHa B oyarax nopaxeHus nocne YO-o0bayyeHns KynbTu-
BMPYEMbIX MeNnaHoumMToB [24]. ITO yBennyeHne MoXKeT ObITb CBA3AHO
¢ myTaupmeii B reHe CDKN2A v akcnpeccueit benka pl6INK4a. Kpome
TOro, OTMeYeHo, 4To YD-u3nyyeHme MHAYUMPYET aKcnpeccuto plé B
HOPMasIbHbIX KNETKaX MHOTOCNOMHOMO NAOCKOro anuTenma [25]. Yee-
NnyeHne plb MoXKeT paccMaTPUBaTLCA KaK 3aLUMUTHBIA MEXaHWU3M AnA
NpeaoTBPALLEHMA PACNPOCTPAHEHNS aHOMA/IbHbIX KNETOK, MOBPEK-
AEHHbIX YP-u3nyyeHnem [26].

Bblno caenaHo npesnonoXeHne, YTO BOSMOXKHA 3aMeTHaA pas-
HMLa B 3Kcnpeccun pl6 mexay HopmanbHol Koxkel, AK, MKPK in situ
1 nHBasueHbIM [KPK. YcTaHOBNEHO, YTO MOBbIWEHHAA 3KCNpeccus
p16 HabnogaeTca 6onble B MKPK in situ. ABTopbl 06paLLatoT BHUMA-
HMe Ha To, YTo B BuonTaTax KoM AK noBbilEHHas sKkcnpeccus plé
Habntogaetca B 6asasbHOM M cynpabasasbHOM CNOAX 3NUAEPMUCA,
a B bonblimnHcTBe cnyyaes MKPK in situ — n36bITOYHasA 3Kcnpeccus Bo
BCeW TONLWMHe anuaepmuca [24].

OnyxoneBblii 6enok 63 (p63) aBnaeTca GpakTOpPOM TPAHCKPUN-
LMK CemeicTBa reHoB p53, y4acTeyroWwmMm B andpdepeHLMpoBKe He-
CKONbKMX TKaHEM, BKOYAs MHOTOC/0MHbIN NAOCKWIA anuTennin. p63
BbICTYMAET OMyXONEBbIM CYNPeccopoMm, KOTOPbIN, BEPOATHO, UrpaeT
ponb B pa3sutum MKPK 1, BO3MOMKHO, NpeapaKkoBbix U A06pOKaye-
CTBEHHbIX OnNyxonei Koxu. MMMYyHOTMCTOXMMMUYECKM MapKEp p63
LUMPOKO UCMONb3YETCA AN1A KnaccuduKaumm onyxonen, Ho onybamko-
BaHHble AaHHbIE O ero 3KCNPECcCUM NPU pake NPOTMBOPEYMBLI. benok
p63 B HOpME OTYETIMBO OKpaLLUMBAETCA B 6a3anbHbIX KNETKax anuaep-
Muca. HeckonbKo MccnenoBaTeNbCKMX FPYMN NMPOAEMOHCTPUPOBANN
BbICOKYHO 3KCNpeccuio p63 B 6a3aNbHOM C/I0E KOXKM, MOparKEHHOM AK,
XOTS NPOLEHT P63-NO3UTUBHbBIX KNETOK Bbln HUKe, yem npu MKPK. B
page paboTt aBTopoB Hab/toAAETCA BbICOKAsA aKcnpeccus p63 B buon-
TaTax Koxu 60nbHbIX MKPK [27].

Mo aaHHbIM Abbas O et al, akcnpeccus 6enka p63 coxpaHsaeTca
no mepe nporpeccuposaHmna 6onesHn npu AK 8 90% ciyyaes, NAOCKO-
KNETOYHOM pake in situ — B 87%, 6oBeHonaHOM nanynése — B 60% u
NIOCKOKNETOYHOM pake — B 100%, COOTBETCTBEHHO, 6€3 CTaTUCTMYE-
CKM 3HAYMMbIX Pa3NNYMii AaHHbIX 6onesHei [28]. Cxoxkan paboTa Tak-
)Ke npeacTasneHa B ctatbe Moses MA et al, roe yTBepiaaeTcs BaxkHan
ponb 6enKka p63 B AnddepeHLMPOBKE KNETOK U OHKOreHe3e onyxosen
KoM [29].

is more significant in lesions subject to UV irradiation of cultured
melanocytes [24]. The increase may be due to a mutation in the
CDKN2A gene, which causes the expression of the p16INK4a pro-
tein. In addition, it is noted that normal stratified squamous ep-
ithelial cells produce more p16 protein when exposed to UV ra-
diation. [25]. An increase in p 16 may be considered a protective
mechanism to prevent the proliferation of abnormal cells dam-
aged by UV radiation [26].

It has been suggested that there may be a noticeable differ-
ence in p16 expression between normal skin, AK, and SCC in situ
and invasive SCC. It has been established that increased expres-
sion of p16 is observed more in SCC. Research suggests that there
may be a significant difference in the expression of p16 between
normal skin, AK, and SCC in situ and invasive SCC. It has been es-
tablished that there is a greater expression of p16 in SCC in situ.
The authors note that in skin biopsies of AC, increased expression
of p16 is observed in the basal and suprabasal layers of the epi-
dermis. In most cases of SCC in situ, there is an overexpression of
p16 throughout the entire epidermis thickness [24].

Tumor protein p63, typically referred to as p63, is a tran-
scription factor that belongs to the p53 gene family. It is vital in
differentiating various tissues, including stratified squamous ep-
ithelium. As a tumor suppressor, p63 is believed to be involved
in developing SCC and potentially in precancerous and benign
skin tumors. The p63 protein is usually found in the basal cells of
the epidermis, and it is widely used as an immunohistochemical
marker to classify tumors. However, the published data on its ex-
pression in cancer are inconsistent. Several research groups have
reported high p63 expression in the basal layer of skin in AK, al-
though the percentage of p63-positive cells was lower than that
in SCC. In several studies, increased expression of p63 was ob-
served in skin biopsies of patients diagnosed with SCC [27].

Abbas O et al (2011) reported that the expression of p63
protein remains constant in 90% of AK cases, 87% of squamous
cell carcinoma in situ cases, 60% of bowenoid papulosis cases,
and 100% of squamous cell carcinoma cases. There are no signif-
icant differences in the expression of p63 protein between these
diseases [29]. Moses MA et al (2019) also highlight the crucial
role of the p63 protein in cell differentiation and skin tumor on-
cogenesis [30].

There are multiple biomarkers of apoptosis, one of which
is the p53 protein. P53 is the most commonly mutated tumor
suppressor gene and contributes to the development of cancers
such as basal cell carcinoma (BCC) and SCC. The p53 protein func-
tions through two main pathways: firstly, it activates p21, which
inhibits cyclin-dependent kinases (CDK), leading to cell cycle ar-
rest, and secondly, it activates PUMA, which inhibits Bcl-2, an in-
hibitor of apoptosis, resulting in cell death. Additionally, the CD-
KN2N gene, when mutated, increases the risk of melanoma. This
gene activates p16, another CDK inhibitor, and p14ARF, inhibiting
Mdm2. Normally, Mdm2 impairs p53, inhibiting Mdm2 can lead
to p53 activation and apoptosis [30].

The p21 protein belongs to the tumor suppressor gene
family and functions as a CDK. It plays an essential role in cell
growth, differentiation, and apoptosis. The protein p21 WAF1/
CIP1 is considered a universal inhibitor of cyclin-dependent G1
kinase and can be induced by either a p53-dependent or inde-
pendent pathway. Its expression is regulated by p53 in response
to DNA damage. Once produced, p21 binds with CDK, preventing
phosphorylation of its substrates and halting cell cycle progres-
sion. This provides the cell with sufficient time to repair its DNA,

545



Sydikov AA et al Actinic keratosis

AVICENNA BULLETIN
Vol 25 * No 4 % 2023

OfHUM U3 LONONHUTENbHBIX BUOMAPKEPOB anonTo3a ABAAETCA
6enok p53, KoTOpbI NpeacTaBnAeT cobot Hambonee YacTo MyTUpY-
eMblil reH-Cynpeccop OMyxoneBoro PocTa, Y4acTBYOLWMIA B naTore-
HEe3e KaHLeporeHesa, B 4YaCTHOCTM Npu 0a3anbHOKJIETOYHOM paKe
Kou (BKPK) u MKPK. p53 peictByeT yepes ABa OCHOBHbIX MyTW:
1) akTvBaumto p21 (MHrMBUTOPA LMKAMH-3aBUCUMOM KMHa3bl — cyclin-
dependent kinases, CDK), KoTopas Np1MBOAMT K OCTAHOBKE KNETOYHOTO
UMKNa, 1 2) aktneaumio PUMA, KoTopasa uHrmbupyet Bcl-2 (MHrmbu-
TOp anonTo3a), TeM CambIM NpPUBOAA K rnbenn knetok. CDKN2N — reH,
KOTOpbIV NPU MYTUPOBAHUM NPUBOAWT K PUCKY BO3HUKHOBEHWA Me-
NaHOMbI, AeWcTBYeT Yepes 1) aktmBaumto plé (apyroro uHrMbuTopa
CDK) 1 2) aktnBaumto p14ARF, KoTopbliii MHIMBMpPYeT Mdm2 (KoTopbiit
06bl4HO yxyawaet p53) [30].

Benok p21 ABnAeTcA YNeHOM CemelCTBa reHOB-CYnpeccopos
onyxonei, KoTopbli aeicteyeT, Kak CDK, n Heobxoaum ans pocTa,
anddepeHUMPoBKM M anonTo3a KaeTok. Cuntaetcs, uto benok p2l
WAF1/CIP1 aABnsieTca yHUBepcaabHbIM MHTMBUTOPOM LIMKANH-3aBUCK-
MoW G1 KMHa3bl M HAYLMpPYeTCA p53-3aBUCHMBIM MU HE3ABUCHMBIM
nyTém. Jkcnpeccua p21 peryanpyetca p53 B OTBET Ha NoBpeXKaeHWe
[OHK. Mocne yero p21 accounnpyetca ¢ CDK, npegotspalan docdo-
pUAMpoBaHue ero cybcTpaToB, U BAOKMPYET NPOrpPeccuto KNETOUHOO
UMKNa. ITO JAET KNeTKe Bpema aaa BocctaHoneHua AHK, Takum o6-
pa3om, NpesoTBPALLAn Pa3MHOMKEHWE NOBPEXAEHHOTO FeHEeTUYECKO-
ro matepuana. Takxke coobuiaetcs, 4to p21 ymeHbliaeT nponvdepa-
LIMIO KNETOK M aKTUBMPYET 610KMpoBaHue p53 [31].

Cnepyet OTMeTUTb, 4To 6eoK P21 He 3KcmpeccupyeTca B anu-
[epmuce, HO BblpaKeH B MOTOBbIX M Ca/IbHbIX efne3ax, SHA0TENUM Ka-
MUANAPOB, B MMaKUX MbILLLIAX NO CPAaBHEHUIO C HOBOOBPa3oBaHWUAMM
Koxu [30, 31].

Mo mHeHuto Tron VA et al, 6enok p21 yyactsyeT B passutHe
MKPK. AHanus akcnpeccun p21l nokasan nonoXuTenbHble pesynbra-
Tbl A/1A 3TOTO MapKepa B 23 cnyvasax aKTUHMYECKOro KepaTto3sa. Map-
Kep 6bl1 MAEHTUPULMPOBAH B €AMHUYHBIX KEPATUHOLMTAX UAU B UX
HEBO/bLIMX TPYMNax, a TaKkKe B PEAKMX KIETKaX B BEPXHWX CNOAX
anuaepmuca. B nautepatype apyrue nccnefosateny coobuanu o no-
XOXMX acnekTax. benok p21 6bin nonoxuTensHbim B AK 1 npu aTom
Habntoganca TonbKo B 6a3anbHOM U cynpabasanbHOM COAX, @ TaKKe
B BEPXHWX OTAE/1aX LMnoBaToro cos [32].

Eweé B KoHUe XX BeKa NOSBUANCH COODLLEHNA O HapacTatoLlen
NO3WTUBHOCTU MapKépa p21 B BbICOKO M ymepeHHO auddepeHumpo-
BaHHOM MKPK. SKcnpeccus BblleyKasaHHOro Mapképa Habatoganacb
B | n Il cTagmax 3abonesaHuA. CxoAHble pe3ynbTaTbl ObLIM NONYYEHDI
W B ApYrUX UCCNEL0BaHUAX, [4e aBTOPbl HALLAW FeTEPOreHHY0 No3u-
TMBHOCTb besika p21 B BUONTATE KOXM C MIOCKOKNETOYHBIM PAaKoM
He3aBMCUMO OT cTenenu anddepeHumaumu. Mo MHeHUIO NOCAEAHMX,
TaKoW acrekT [0BO/IbHO HEOXWAAH, NOTOMy UTo 6enok p2l ssnset-
€A M3BECTHbIM UHIMBUTOPOM CDK-aKTMBHOCTHM, KOTOpPas CTUMYAUPYeT
nporpeccupoBaHune KNETOYHOIO LMKAa. B pesynsTate p21 moxert 6biTb
paHHUM GaKTOPOM B MAOCKOKNETOYHOM KaHueporeHese 6e3 Heno-
CPeACTBEHHOM CBA3W C NPOrPECcCMPOBAHMEM B 3TU 3/10Ka4YECTBEHHbIE
onyxonw [31].

AHasorMyHble  pesynbTaTbl  COOBLIAIOTCA B WUCCAEA0BAHUM
Brasanac D et al, rae oTmeyaeTcs MMMYHOOKpalUMBaHue benka p21
CIP1/WAF1 yawie npw AK, yem npw MNKPK in situ (p=0,001) n nHsasms-
HbIX NopaxeHusx (p=0,0004), cooTBeTcTBEHHO. AccoumaLms aKcnpec-
cnm p21 ¢ AK u xopowo guddepeHumposaHHbim MKPK Ha paHHMX
CTagmax Npeanonaraet, YTo aKcnpeccua p21l MOXKeT bbiTb paHHUM
MapKEPOM KaHLeporeHesa, He CBA3aHHbIM C MPOrpeccupoBaHNEM B
MIOCKOKNETOYHbIN pak [33].

Eweé ogHMM Mapképom, yyacTsylOWMM B NpoLiecce anonTosa,
asnserca 6enok Bcl-2. Bbino nokasaHo, yto 6enok Bcl-2 nogasnset
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thereby preventing damaged genetic material from replicating. It
is also known that p21 curbs cell proliferation and activates p53
blockade [31].

It is essential to note that p21 protein is not expressed in the
epidermis but is expressed in sweat and sebaceous glands, capil-
lary endothelium, and smooth muscles, as opposed to skin neo-
plasms but is expressed in sweat and sebaceous glands, capillary
endothelium, and smooth muscles compared to skin neoplasms
[30, 31].

Tron VA et al (1996) reported that p21 protein plays a cru-
cial role in developing SCC. In their study, 23 cases of AK showed
positive results for this marker. The expression of the marker was
identified in single keratinocytes or small groups, as well as in rare
cells in the upper layers of the epidermis. Other researchers have
also reported similar findings. The AC tested positive for the p21
protein, which was observed only in the basal and suprabasal lay-
ers, as well as in the upper parts of the stratum spinosum [32].

During the late 20" century, there were increasing reports of
the p21 marker's positivity in well- and moderately-differentiated
SCC. Researchers found that the expression of this marker was
present in stages | and Il of the disease. Other studies also con-
firmed that p21 protein positivity was observed in skin biopsies
with SCC, irrespective of the degree of differentiation. This aspect
was entirely unexpected, as p21 is known to inhibit CDK activity
that stimulates cell cycle progression. Therefore, p21 could be an
early factor in squamous cell carcinogenesis without any direct
connection to malignancy progression [31].

Brasanac D et al (2016) reported that immunostaining of the
protein p21 CIP 1/ WAF 1 was more frequent in AK than in SCC
in situ (p=0.001) and invasive lesions (p=0.0004), respectively.
The study suggests that the expression of p21 may be an initial
marker of carcinogenesis unrelated to the progression to squa-
mous cell carcinoma. This association of p21 expression with AK
and well-differentiated early-stage SCC may indicate that p21 ex-
pression is a promising early marker candidate for carcinogenesis
[33].

The Bcl-2 protein is a marker involved in the process of
apoptosis, which is an early sign of carcinogenesis. The protein
suppresses apoptosis, and overexpression of it is found in sever-
al malignant tumors. Nakagawa K et al (1994) evaluated the IHC
expression of the Bcl-2 protein in keratinocyte tumors and in-
flammatory skin diseases. The study found that the Bcl-2 marker
was not observed in psoriasis, contact dermatitis, and seborrheic
keratosis. However, the marker was highly expressed in Bowen's
disease, AK, BCC, and SCC in 73%, 25%, 67%, and 100% of cases,
respectively. The expression of the Bcl-2 marker in the skin biopsy
of BCC, Bowen's disease, and SCC was limited to the affected ar-
eas only, and the surrounding normal skin did not express it at all.
The atrophic form of AK was unresponsive, while the hypertro-
phic AK tissue reacted weakly with the anti-Bcl-2 antibody [34].

A study was conducted to investigate the role of the T-Cad-
herin marker in the SCC from AK. The findings suggest that high
expression of this marker is observed in the upper layers of the
stratum spinosum in skin biopsies for SCC, with partial or com-
plete loss in the basal layer of the epidermis. The study's authors
assert that the loss of T-cadherin in individual AK lesions may indi-
cate the potential transformation of AK into aggressive SCC [35].

MUC1, a transmembrane glycoprotein, promotes the pro-
gression of some precancerous and malignant lesions. However,
its role in skin lesions is not fully understood yet. Immunostain-
ing analysis revealed that MUC1 is present throughout the cell
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anonTos, a u3bbITouHas aKcnpeccus Henka Bcl-2 obHapykmBaeTtcs B
HeCKO/bKMX 3N10KayecTBeHHbIXx onyxonax. Nakagawa K et al nposenn
paboTy no oueHke UMX-akcnpeccum benka Bel-2 B HEKOTOPbIX KepaTy-
HOLMTapHbIX OMyXONsAX U NPKU BOCMANWUTENbHBIX 3300/1IEBAHUAX KOXKM,
a TaKXe BbIACHUAW eé ponib B pa3BuUTUK 3abonesaHuit. Mo pesynbra-
TamM MccnesoBaHUA 0BHAPYKEHO, YTO M3 72 3aMOPOXKEHHbIX 0bpas-
LLOB TKaHW 3Kcnpeccua mapképa Bcl-2 He Habntoganace npu ncopua-
3€, KOHTAaKTHOM JepmaTuTe U cebopeliHoM KepaTose. B To e Bpems
BbICOKaA IKCMPECCHA BblLEYKAa3aHHOTo MapKépa oTmedanachb npu 6o-
ne3nu boyaHa B 73% cnyyaes, AK — 25%, BKPK —67% v MKPK — 100%
C/ly4yaeB, COOTBETCTBEHHO. MMpu 3TOM 3Kcnpeccus mapképa Bcl-2 B
6uonTate Koxu BKPK, npu 6one3un boyaHa 1 MKPK 6bina orpaHuyeHa
NOPaXKEHHBIMM Y4aCTKaMM, @ OKPY»KatoLLAA HOPMaNbHAA KOXKa BOBCE
He 3aKcnpeccuposanack. Yto Kacaetca AK, To atpoduyeckas dpopma
6blna 6e3 peakumu, TOr4a Kak TKaHb ¢ runeptpoduyeckum AK cnabo
pearvnpoBana ¢ aHTuTenom npoTus Bcl-2 [34].

bonblwoe nccnegoBaHue TakKe NposedeHO NO NoBoAy MU3yde-
HWA ponu mapképa T-Cadherin (T-kaarepuH) B passutue MKPK u3 AK.
Pe3ynbTaTbl 3TUX UCCNEA0BAHUI NOKA3bIBAOT, YTO BbICOKAA IKCNpec-
cvA JaHHOro MapKépa Habnogaetca B GuonTaTax Koxu MKPK B Bepx-
HWX CNIOAX LUMNOBATOrO C/10A € YaCTUYHOW MM NONHOM NoTepeii B Ha-
3a/1bHOM C/10€ 3nuaepmuca. ABTopbl paboTbl yOexAEHHO HacTanBatoT
Ha TOM, 4TO noTtepa T-KaarepnHa B OTAeNbHbIX NopaxeHnax AK moxet
YKa3blBaTb Ha MOTEHUManbHyt0 TpaHchopmauumio AK B arpeccuBHbIv
MKPK [35].

MporpeccnpoBaHMio HEKOTOPbIX NPEAPaKOBbIX U 3/10Ka4eCTBEH-
HbIX NOPaXKEHMI CNOCOOCTBYET TPAHCMEMOPAHHbIN TIMKONPOTEUH —
MyumnH-1 (MUC1). Tem He meHee, ero GpyHKLMM B NMOPAXKEHUAX KOXKM
eLé He 40 KOHUQ ACHbl. MMMyHOOKpalumBaHMe nokasano, yto MUC1
MPUCYTCTBYET HA BCEN KNETOUYHON MOBEPXHOCTU HECKONBbKUX aTUMuny-
HbIX 6a3aNbHbIX KEPATUHOLMTOB, OFPAHUYEHHbIX HUMKHEN TPETbIO 3NU-
Aepmuca npu pake Koxu in situ (KIN 1). B To Bpems Kak B KIN 2, rae
aTUNMYHbIE KEPATUHOLMTLI 3aHUMALOT HUKHMeE aBe TpeTn, MUCL 6bin
JIOKanW30BaH Ha anuKanbHOW MOBEPXHOCTU HEKOTOPbIX aTUMUYHbIX
KepaTtuHouuToB. UHTepecHo, uto B KIN 3, rae atmnuuHble KepaTMHO-
LMTbI pacnpocTpaHsAtoTca No Beel TonwyHe, MUCL 6bin N0KanM30BaH
Ha anuKanbHOW MOBEPXHOCTM WM MO BCEM KIETOYHOM MOBEPXHOCTU
MHOIUX M3 3TUX KNeToK. CreslyeT OTMETUTb, YTO B bronTaTe HOpMab-
HOM KoK 3Kkcnpeccna MUCL He obHapyumBaetcs. Mpeagnonarator,
uTo aKcnpeccua MUCL B AK byaeT MHAyUMPOBaHA M3MEHEHWUEM CTPa-
TMdUKaLMK 1 anddepeHLMPOBKM KepaTUHOLMTOB U CBA3AHA CO CTe-
NEeHbIO AMUCNA3MK, 3 He C TONLWLMHOM anuaepmuca [36].

B cBA3u ¢ Tem, yto Bonpoc nepexoga AK B MNKPK asnsaetca ak-
TyanbHOW Npo6seMoi, 6blaM TakkKe U3y4YeHbl YPOBEHb IKCMPECCUU U
M3MEHEHME aKTMBHOCTM Mapképa claudin-1. B uccnegosaHum 6binm
3apernctpuposaHbl 52 naumenTta ¢ AK n 17 cnyyaes 340poBOWM TKa-
HW. OZHOBpPEMeHHO NPOBOAMIACL OLEHKA HECKONbKMX MapKEpOB,
TaKUX KaK aHTMTena K p53, peuentopy ButammHa D (VDR), claudin-1
1 Langerin (CD207). Mo faHHbIM aBTOPOB, B BMONTaTax KOXM OTMe-
4asIMCb CONHEYHDbIV 31acTO3, aKcnpeccua p53 m akcnpeccna VDR no
CPaBHEHUIO C KOHTPOJ/IbHOW 34,0P0BOW TKaHbIO. JKCNpeccus MapKépa
claudin-1 6bi1a 60/1€ee BbipaskeHa B HOPMabHOW 34,0P0BOW KOMKE KOH-
TPONbHOM rpynnbl U MeHee BblpakeHa Npu AK, 0cobeHHO B pa3BuTbIX
€ro CTaAuAX B MeCTax C aTUnuei KepaTMHOLMTOB. [110THOCTb KNeToK
NaHrepraHca npu Taxénon popme AK bbl1a 3HAYUTENBHO HUKE, YEM
B KOKe KOHTPO/IbHOM rpynnbl v Npu nérkux dopmax AK. Mo pesynbra-
TaM UCCNeA0BaHMS aBTOPbI Npeanonaratot, uto claudin-1 moxeT bbiTb
nonesHbIM B AMarHocTuke AK BbICOKOTo pucka [37].

MartpuKcHble MeTannonpotenHasbl (MMM) -1, -9 yyacteytoT B
[lerpajaumu KoanareHa BCEX TUMOB M KOMMOHEHTOB MaTpuKca (3na-
CTWH, NPOTEOrNNKaHbI, NaMUHKH). Kpome Toro, MMI aKTuBMpyroT

surface of atypical basal keratinocytes limited to the epidermis's
lower third in situ skin cancer (KIN 1). In KIN 2, where atypical
keratinocytes occupied the lower two-thirds, MUC1 was localized
to the apical surface of some atypical keratinocytes. Interestingly,
in KIN 3, where atypical keratinocytes are distributed throughout
the entire thickness, MUC1 was localized to the apical surface
and throughout the cell surface of many of these cells. It is worth
noting that MUC1 expression is not detected in normal skin biop-
sies. It is hypothesized that MUC1 expression in atypical keratino-
cytes is induced by keratinocyte stratification and differentiation
changes and is associated with the degree of dysplasia rather
than epidermal thickness [36].

Transitioning from AK to SCC is a pressing issue; therefore, a
study was conducted on the expression and changes in the activi-
ty of the claudin-1 marker. The study included 52 patients with AK
and 17 cases of healthy tissue. Multiple markers were assessed
simultaneously, including antibodies to p53, vitamin D receptor
(VDR), claudin-1, and Langerin. Solar elastosis, p53 expression,
and VDR expression were observed in skin biopsies compared
to control healthy tissue. The expression of claudin-1 was more
prominent in the healthy skin of the control group and less pro-
nounced in AK, especially in its advanced stages in areas with
keratinocyte atypia. The density of Langerhans cells was signifi-
cantly lower in severe forms of AK than in the skin of the control
group and mild forms of AK. The results suggest that claudin-1
may be helpful in the diagnosis of high-risk AK [37].

Matrix metalloproteinases (MMPs) -1 and -9 are enzymes
that play a crucial role in breaking down various components of
the extracellular matrix, including collagen, elastin, proteogly-
cans, and laminin. These enzymes are also involved in angiogen-
esis, which is the formation of new blood vessels in the body.
MMPs are activated when the skin is exposed to UV radiation,
which triggers the expression of activator protein-1. The onco-
genic effect of MMPs is achieved by activating a receptor called
PAR-1, which can initiate the development of cancerous cells.
Some experts believe increased MMP expression in the skin can
lead to increased elastosis, promoting carcinogenesis. This can
result in the neoplastic transformation of keratinocytes and the
development of angiogenesis, which can invade the surrounding
tissues [38].

Two main types of proteins (MMP-1 and MMP-9) are in-
volved in developing human cancers. MMP-1 (also known as col-
lagenase 1) is the primary enzyme responsible for breaking down
collagen fibrils of types 1 and 3 and forming aggregates from the
broken-down collagen. On the other hand, MMP-9 is implicated
in cancer formation by triggering the enzymatic cleavage of the
IL-2a receptor, which leads to reduced proliferation of T lympho-
cytes. Additionally, MMP-9 plays a crucial role in the growth of
tumors through the mediation of VEGF-induced angiogenesis.
Some researchers suggest that MMP-1 and MMP-9 contribute
to tumor growth by facilitating cancer progression, invasion, im-
mune system evasion, and other aspects of carcinogenesis [39].

In a previous study, Tsukifuji R and colleagues detected
MMP-1in 25% of AK cases that transformed into SCC in 16 similar
cases [40]. Poswar F et al (2013) analyzed MMP-9 expression in
AK, BCC, and SCC. A biopsy specimen of SCC exhibited a marked
positivity [41]. Verdolini R et al (2001) found significantly lower
MMP-9 expression in AK than in SCC [30].

Based on the results of an IHC test, it has been observed that
MMP-1 and MMP-9 expression levels in AK and BCC lesions, as
well as in skin with solar elastosis, are closely linked to the chanc-
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npouecchbl GU3M0NOrMYECKOro 1 ONyXoNeBOro aHrMoreHesa. B pesynb-
TaTe Y®-061y4eHns NPOUCXOAMUT SKCNPECCUA aKTUBATOpa NPOTenH-1
1 aKkTUBMpYyetca obpasosaHne MMII. OHKonornyeckuin appekt MMM
[OCTUraeTcs 3a CYET akTmBauum peuentopa (PAR-1), 4To MHMLMMPY-
€T HEONACTUYECKYIO TPaHChOPMaLMo KepaTuHouuTos. CyluecTsyeT
MHeHWe, 4To aKkcnpeccna MMIT B KoXKe CBA3aHa C HapacTaHWem cTene-
HU anacTo3a. MocnesHas 6AaronpUATCTBYET KaHLLeporeHesy, HaYMHas
C HEeoMNacTUYeCcKoi TpaHcPOpMaLMU KEPATUHOLMTOB U Pa3BUTUEM
aHr1oreHesa c MHBa3uel B OKpy:KatoLwme TKaHu [38].

BblaenstoT ABa OCHOBHbIX TMNa (MMM-1 u MMT-9), yyacTsyto-
WKMX B OHKoreHese yenoseka. MMII-1 (konnareHasa 1) — ocHOBHasA
npoTeasa, OTBEYAKOLLAA 33 Pa3pyLLeHMe KoareHoBbIX ubpunn 1 u
3 TMNOB W arperaumio paspylleHHoro KonnareHa. MMI-9 yyacteyet
B KaHLeporeHese, akTUBMPYA NPOTEOAUTUYECKOE pacLlensieHne pe-
uenTopa IL-20, TeM cambIM CHUKas NpondepaTUBHYHO CNocobHOCTb
T-numdoumtos. MMIM-9 BHOCUT ONpeaensatoLmMii BKNaL B Onyxone-
BblIh VEGF-onocpeaoBaHHbIi aHrnoreHes. 1o MHEHUIO pAsa aBTOpPOB,
MMIM-1 u -9 cnocobCTBYIOT POCTY OMyX0Aei 3a CHET ONYX0NEBOW NpPo-
rpeccum, MHBasum, u3beraHnsa MMMYHHOTO HaA30pa U APYTMX NpoLec-
COB OHKoreHesa [39].

B paHHux nybaunkaumax Tsukifuji R et al coobwanocb 06 o0bHa-
py:eHun MMI-1 8 25% cnyyaes ¢ TpaHchopmaumeit AK B TMKPK, ko-
Topas bblna BbIABAEHA NPY M3yYeHnM 16 nogobHbIx 06pasuos [40]. B
pabote Poswar F et al no uccnegosanmio skcnpeccun MMIM-9 B ouarax
AK, BKPK u MKPK onpeneneHa BbipaxeHHas peakuusa nocnegHero B
6uonTaTe NNOCKOKNETOUHbIM pakom Koxu [41]. Verdolini R et al onpe-
aenvnu, 4to skenpeccna MMIM-9 3HaumTenbHO HuKe npu AK no cpas-
HeHuto ¢ MKPK [30].

YposeHb akcnpeccun MMIM-1 1 MMIN-9, onpeaensemblii MeTo-
aom UTX, B ouarax AK n BKPK, a Takke B KOXKe C CONHEYHbIM 31aCTOo-
30M, MOKa3bIBaAET, YTO BbiCOKas aKcnpeccua MMI ceasaHa ¢ bonee
BbICOKUM PUCKOM O3/10KAYECTBNIEHUA 3SMUTENMANBHLIX OMyXosewn
KOMM M MMEET YETKYIO KOPPENALMIO C UX CMOCOBHOCTbIO K MHBA3UK
[43]. BbisBneHue akcnpeccun MMIM-1 1 MMIM-9 B ouarax AK, BeposT-
HO, AemoHcTpupyeT ponb MMIT B Ha4aNbHbIX CTaAMAX KaHLEeporeHe3a
B Npouecce 0bpa3oBaHUA CONHEYHOrO 3/1acTo3a. HanpoTue, BbicOKas
akcnpeccma MMIM-1 u MMM-9 B BKPK, obbAcHAETCA 3/10Ka4ecTBeH-
HbIM XapaKTepPOM AaHHOro HOBOO6pPa3oBaHus. B To e Bpems, cnabas
akcnpeccma MMIT B cTpome OMyX0/M ABNAEGTCA OTPAXKEHWEM Xapak-
Tepa TeyeHus 6a3aNbHOKNETOUYHBIX KAaPLMHOM KOXM, 0COBEHHOCTbIO
KOTOPbIX ABAAETCA MECTHOLECTPYKTUPYIOLLMIA POCT U OYeHb PeaKo
meTacTasupytowmx. 06wHoctb AK, BKPK 1 04aroB Koxu ¢ CONHEYHbIM
anactosom llI-IV craguit, npossastoasca Haanumem MMM-1 v MMIM-
9, [OKa3bIBAET ponib YP-MHAYLMPOBAHHOIO KaHLeporeHesa, T.K. npu
3TOM CO34QETCA CrocobCTBYIOLLEE MUKPOOKPYMKEHME. DKcnpeccus
MMI-1 n MMI-9 npu AK u BKPK aBnaeTca AonoaHUTENbHbIM Noa-
TBepKAeHWeM poan MMIT B cnOCOBHOCTM 3NUTENMNABHBIX ONYX0Nel
K MHBA3WBHOMY MpoOLeCCYy B OKpyXatowme TKaHu. CnefosaTesnbHoO,
MMIM sBAAKOTCA NEPCNEKTUBHBIMK CyBCTPaTaMM 41 COBEPLUEHCTBO-
BaHMA TapreTHOW NpPoT1BOONyXoneBol Tepanum [41-43].

B KauecTBe Mapképa nponmdepaumm KNETOK MOXKHO OLLEHMBATb
nponudepupytowmit agepHbii aHTUreH Knetku (PCNA — Proliferating
Cell Nuclear Antigen) — aaepHbIi HETUCTOHOBbIV 60K, Heobxoau-
Mbl ana cuHTesa [HK. CnoKolMHble M CcTapble KAEeTKU MMEKT O4YeHb
HU3KKMt ypoBeHb MPHK PCNA. MoBbllEeHME €ro NpoucxoauT Bpems
¢asbl G1/S KNETOUHOrO LMKAA, T.K. OH ABNAETCA BCMOMOraTe/ibHbIM
6enkom ana anbda-AHK nonumepassi [44]. CnegoBaTensHo, yeenu-
yeHune skcnpeccun PCNA MoXKeT TpaKToBaTbCA B KavyecTBe MapKépa
nponndepaLmMmn KNeToK, MOCKO/bKY KNETKM A0NbLUIE OCTaloTCA B dpase
G1/S npu nponndepaummn. Kpome Toro, 3ToT 610K UrPaeT posb B me-
TaboNM3Me HYKIEUHOBbIX KMUCNOT KaK KOMMNOHEHT MEXaHU3Ma Penin-
Kauuwu v BocctaHoBneHua AHK [45].
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es of malignancy of epithelial skin tumors. Higher levels of MMP
expression are associated with a greater risk of invasion [43]. The
detection of MMP-1 and MMP-9 expression in AK indicates the
role of MMPs in the initial stages of skin cancer development
during the formation of solar elastosis. In contrast, the high ex-
pression of MMP-1 and MMP-9 in BCC is related to the malignant
nature of this tumor. Additionally, the weak expression of MMPs
in the tumor stroma reflects the locally destructive growth of cu-
taneous BCC, which rarely metastasizes. The presence of MMP-1
and MMP-9 in AK, BCC, and skin lesions in the later stages of solar
elastosis highlights the role of UV-induced carcinogenesis in cre-
ating a conducive microenvironment. The expression of MMP-1
and MMP-9 in AK and BCC tumors further demonstrates the abil-
ity of epithelial tumors to invade surrounding tissues. Therefore,
MMPs are promising targets for improving targeted antitumor
therapies [41-43].

Proliferating Cell Nuclear Antigen (PCNA) is a nuclear
non-histone protein that plays a crucial role in DNA synthesis. It
can be used as a cell proliferation marker since its levels increase
during the G1/S phase of the cell cycle. PCNA mRNA expression is
low in quiescent and senescent cells. It acts as an accessory pro-
tein for alpha DNA polymerase during the G1/S phase of the cell
cycle [44]. An increase in PCNA expression indicates cell prolifera-
tion, extending the time cells spend in the G1/S phase during this
process. Moreover, PCNA contributes to nucleic acid metabolism
as a crucial element of the DNA replication and repair machinery
[45].

A review of available literature highlights the complexity of
the pathogenesis of AK. It emphasizes the importance of devel-
oping modern diagnostic criteria based on clinical and laboratory
studies for early detection of AK. Further research is needed to
identify early markers of malignancy in SCC arising from AK. One
promising approach is to study the IHC expression of the PCNA
marker in histopathology specimens of AK. This can indicate the
onset of degeneration, which would help doctors choose appro-
priate treatment strategies for the disease.
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Takum 06pa3om, 0630p NMUTepaTypbl CBUAETENLCTBYET O C/IOXK-

HocTM naToreHe3a AK, aKTya/IbHOCTU pa3pa60TKV| COBPEMEHHDbIX
ANarHOCTUYECKUX Kputepues paHHeﬁ ounarHoctmkn AK Ha ocHose
AOOCTYNHbIX KﬂMHMKO-ﬂa60paTOprIX MCCﬂeAOBaHMVI. Kpome TOro,
HEO6XO,EI,MMbI p,aaneﬁLume nccnenoBaHMA C LEeblo NOUCKA PaHHUX

mapképos manurHusauum AK B MKPK. MepcnekTnBHbIM HanpasaeHu-
eMm B JaHHOM Bonpoce ABaAeTca nsydeHve UMX-skcnpeccumn mapképa
PCNA B ructonornyeckux obpasuax AK, 4To MOXKET CUrHaM3MPOBaTb
0 Hayase NepepoxKaeHUsA, TeM CaMbiM MO3BO/IAA Bpa4yam BbIOMPaTb
afeKBaTHYIO TaKTUKY edeHns 3abonesaHus.
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