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AHHOTAIIUA

O630p JUTEpPaTypPHl HOCBSAIIEH ACCOIMHUALMAM MOJIEKYISIPHO-TEHETHYECKUX MapKEpPOB € IIpoleccoM obpa3oBa-
HUA PyOLIOB y MaIUeHTOB ¢ akHe. C y4eTOM BBICOKOM PacIpOCTPAaHEHHOCTH 3a00JIeBaHUA U J0JITOCPOYHBIX HEraTHB-
HBIX OCTETUYECKUX MTOCJIEZICTBU ITpobJIeMa IMOCTaKHe MPEJICTABIISETCS OUeHb aKTyaabHOH. OlHaKO 0OHApYKeHHUe Ha-
JIe’KHBIX IPOTHOCTUYECKUX MapKePOB MOBBIIIEHHOTO prucka GOpMHUPOBaHUA PyOLIOB Ha GOHE aKHe OCTaeTCs Ha Ceroji-
HSIIHUH JIeHb HepelleHHOH 3a1aueii. B 0630pe paccMoTpeHO GOJIBIIMHCTBO COBPEMEHHBIX ITyOJIMKAIIUN ¢ pe3ysIbTaTa-
MM aHaJIM3a acCOIlMalli MOJIEKYJIsIPHO-TeHeTUYeCKUX MapKepoB ¢ pyOIiaMu IIOCTaKHe, U3 KOTOPHIX CIIEAYeT, YTO U3-
y4YeHUe TeHeTHYECKUX aCIeKTOB (OPMUPOBAHUs PyOI[OB Y HAIHEHTOB ¢ AKHE HAXOAUTCS MPAKTUUYECKH HA CAMOM Ha-
yasibHOM dTane. OtcyTerBre 3(pGEeKTHBHBIX CPe/ICTB NTPOGUIAKTUKY U JIeUeHNs PyOLIOB TOCTaKHe 00YCIOBINBAET He-
00XOTUMOCTb J1aIbHEHIIIEro MOUCKa.

Karoueswte caosa: pyber, KeJous, akHe, TeH, T0JIUMOP}U3M, O HOHYKIEOTH/IHBIN IIOTUMOP(I3M.

ABSTRACT

The paper presents a literature review on the associations of molecular genetic markers with scar formation in pa-
tients with acne. Given the high prevalence of the disease and long-term negative aesthetic consequences, the problem of
post-acne is very relevant. However, the detection of reliable prognostic markers of an increased risk of scar formation due
to acne is remaining an unsolved problem. The paper reviews most recent publications devoted to the analysis of molecular
genetic markers with post-acne scars and concluded that the study of the genetic aspects of scar formation in patients with
acne is almost at the initial stage. The lack of effective means for the prevention and treatment of acne scars necessitates a
further search.

Keywords: scar, keloid, acne, gene, polymorphism, single nucleotide polymorphism.

Axwe (acne vulgaris, 0ObIKHOBEHHbIE YTPH) —
XPOHHMYECKOEe BOCIAJUTEIbHOE 3a00JIeBaHe, PO-
SIBJISIIOIEECS OTKPBITHIMU HMJIM 3aKPBITBIMU KOMe-
JIOHAMU U BOCIIAJTUTEIHHBIMH TOPAKEHUSMH KOXKHU

Acne (acne vulgaris, or common acne) is
a chronic inflammatory disease characterized by
open or closed comedones and inflammatory skin
lesions in the form of papules, pustules, nodes. Acne
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B BHUJE TAIyJI, IIyCTYJI, Y3JIOB. DTO caMOe PacIpo-
CTpaHeHHOe XPOHHYecKoe 3a00JIeBaHHE KOXKH, KO-
TOpOe BCTpeuaercss y 40—50 % MamueHTOB BTOPO-
TO U TPEThEro AECATUJIETUS KU3HH, IIPU 3TOM JI0
80—-85 % cayuaeB pukcupyeTrcs y NarueHTOB MOJ-
pocTKoBOTO Bo3pacTa [1, 2]. B To ke Bpems B moces-
HUe TOABI OTMEYAETCA POCT 3a00I€eBaEMOCTH IO3/I-
HuMHU ¢popMaMu aKHe, TUATHOCTUPYEMBIMU Yalle y
JKEHIIUH B BO3PACTHOM UHTEPBaJe 25—45 JieT [3, 4].

BO3MOXXHBIMH IIOCJTIEACTBUAMHU aKHE MOTYT
ObITh aTpodUUecKHe, TUIEPTPODUUECKHE U KEJIO-
uaHble pyoIbl. PyOIbl TOCTAaKHE, MOKU3HEHHO CO-
IIPOBOK/1asi OOJIPHBIX, BBI3BIBAIOT CEPHE3HBIE IICHU-
XOJIOTUUEeCKHe PacCTPOMCTBA.

Knununueckas dopma, pa3zmep pyOIa mocrakue
U CTelleHb BBHIPA’KEHHOCTH JlepeKTa He Bceraa Kop-
PEeJIUPYIOT C TAMKECTHI0 KOXKHOTO IaTOJIOTMYECKOTO
mporiecca. Py6Iibl MOTYT BO3HUKATD JIaKe IPU JIer-
KOM BapHaHTe TeueHus 3ab6o1eBanus. OOpazoBaHue
arpoduyeckoro py6Iia 1mocje yrpeBoi ChIIU SABJIsA-
eTcs CaMbIM PaCIpPOCTPAHEHHBIM SIBJIEHUEM U OT-
MeuaeTcs 6osiee yeM y 80 % IAIIEHTOB C aKHE JIer-
KOU M cpejiHel cTeneHU TaxkecTH [5]. Tem He MeHee
OTHOCUTEJIFHO MaJI0 U3BECTHO O MATO(PU3UOJIOTHH
pyOILIOB OT BYJIbTapHBIX yTPEH.

HenaBHee wuccienoBaHue pacnpoCTpaHEHHO-
cTU U (PAaKTOPOB PUCKA TOSBJIEHUS PyOIIOB ITOCTAK-
He TIOKa3aJo, 4To 6osiee Bcero Ha opMUpOBaHUE
PyOLIOB BJIUSAIOT CTEIEHD TAMKECTH IIATOJIOTTIECKOTO
mmporiecca, JJINTEIbHOCTh IepUo/ia BPEMEHU MeXK-
Iy HavyasioM 3a00JIeBaHUS U CTAPTOM MeJUKaMeH-
TO3HOU Tepanuy, a Tak)Ke pa3BUTHE PelUauBa 3a-
6oseBanus. Tak, y MaIUeHTOB C TAXKeJIBIMU HopMa-
MM BYJIBI'apHBIX YI'PEH BEPOSITHOCTh PA3BUTUSA PyO-
II0B B 3.4—6.8 pasa Bblllle, YeM y IAIlIeHTOB C MeHee
TsKeTBIME (popMmamu [2].

ITatodusnonorunueckue MyTH peaanu3anuu Me-
XaHU3MOB pyOlleBaHUsA HAXOJ[ATCA B IIPOIECCE UBY-
yeHHUs. B mpoBezieHHOM B 2018 I. KpyIHOMACIITa0-
HoM uccyenosanuu I. Carlavan et al. [6] ¢ momo-
IIbI0 TPOMUINPOBAHUS HKCIPECCUU T'€HOB U HM-
MYHOTHCTOXHMHYECKOTO aHAJIN3a U3y4YaId aTpo-
(prueckue pyOIbI B pa3Hble IEPUOBI UX HOPMUPO-
BaHUsA, YTOOBI OIPEJIESIUTD MOJIEKYJIAPHBIE U KJle-
TOYHBIE ITyTH, KOTOPBIE TIO3BOJIAT pa3paboTaTh HO-
BbIE METO/IBI TPOMUIAKTUKY PyOIIeBaHIS IIPU aKHE.
AHann3 3KCIPEeCCUN T'eHOB U UMMYHOTHCTOXUMHU-
YeCKUH aHaIu3 IMOKA3aJIi OYEHb CXOAHBIH UMMYH-
HBIA OTBET B 48-4aCOBBIX MMAaIyJIaX HE3aBUCHUMO OT
CKJIOHHOCTH K PyOIleBaHUIO (IIOBBIIIIEHHOE KOJIMYe-
ctBo T-kJIeTOK, HEUTpPOdMIIOB 1 Makpodaros). Of-
HAaKO B 3-HE/IeIbHBIX MTAITyJIaX UMMYHHBIN OTBET CO-
XPaHAJICA TOJABKO Y MAlMEHTOB CO CKJIOHHOCTBIO K
pyOIIEBAHUIO M XapaKTepU30BAJICS 3HAYUTETHHBIM

is the most common chronic skin disease that oc-
curs in 40—50% of patients in the second and third
decades of life, with up to 80—85% of cases record-
ed in adolescent patients [1, 2]. At the same time, in
recent years there has been an increase in the inci-
dence of adult forms of acne, diagnosed more often
in women in the age range of 25—45 years [3, 4].

Possible consequences of acne may be atrophic,
hypertrophic, and keloid scars. Acne scars, accom-
panying patients for life, cause severe psychological
distress.

The clinical form, post-acne scar size and se-
verity of the defect do not always correlate with the
severity of the pathological skin process. Scars can
occur even with a mild course of the disease. The
formation of an atrophic scar after acneiform rash
is the most common complication that affects more
than 80% of patients with mild to moderate acne
[5]. Nevertheless, researchers know relatively little
about the pathophysiology of scars from acne vul-
garis.

A recent study of post-acne scar prevalence
and risk factors has shown that the severity of the
pathological process, the length of time between
the onset of the disease and the start of drug ther-
apy, and the development of relapse of the disease
influence the formation of scars most of all. So, in
patients with severe forms of acne vulgaris, the
probability of scarring is 3.4—6.8 times higher than
in patients with less severe forms [2].

Pathophysiological scarring mechanisms are
under study. I. Carlavan et al. [6] in 2018 performed
large-scale research using gene expression profil-
ing and immunohistochemistry of atrophic scars.
They studied scars at different time points of their
formation to identify the molecular and cellular
pathways that allow developing new methods for
acne scarring prevention. Gene expression and im-
munohistochemistry analysis showed a very simi-
lar immune response in 48-hour papules, regard-
less of the tendency to scarring (increased number
of T-cells, neutrophils and macrophages). However,
in 3-week-old papules, the immune response per-
sisted only in patients with a tendency to scarring
and was characterized by significant B-cell infil-
trate. Another important difference was a tem-
porary decrease in the sebaceous glands markers
related to lipid metabolism. There was a decrease
in the 48-hour papules in non-scar-prone patients
with subsequent normalization of parameters af-
ter three weeks. On the contrary, in patients with a
tendency to scarring, a sharp decrease in the level

Journal homepage: http://jsms.ngmu.ru

99



doi: 10.31549/2542-1174-2020-2-98-110

Hemuanunosa O.F. u dp. / Journal of Siberian Medical Sciences 2 (2020) 98—110

B-kserounbim umHbuUIbTpaToM. Ellle 0MHO BakKHOE
OT/INYMe — BPEMEHHOe CHIU’KeHMe YPOBHS MapKe-
POB CaJIBHBIX JKeJie3, CBI3aHHBIX ¢ METa00JIM3MOM
JIMIIUJIOB — HAOJIIONAIOCh B 48-4acOBBIX HAITysIax
y ManueHToB 6e3 CKJIOHHOCTU K pyOIleBaHHUIO C IIO-
CJIEYIONEN HOpMAaJiM3alued IoKa3aTesiell uepes
3 Henl. HampoTuB, y HAllMEHTOB CO CKJIOHHOCTBIO K
pyOlIeBaHUIO PE3KOE CHIKEHIE YPOBHS 3THX MapKe-
POB COXPAHSJIOCH B MAITYJIaX U Yepe3 3 HeJl, UTO CBU-
JIETEJIbCTBYET O HEOOPATUMOM PA3PYIIEHUU CTPYK-
TYP CaJIbHOM ’KeJsie3bl IocJjie BOCHAIUTEIBHOTO pe-
MO/IEJINPOBAHUS Y TIAIIUEHTOB DTON KaTeropuu. AB-
TOPBI C/IEJIAJTH CJIEAYIOIINE BEIBOIBL: IJIUTEIHHO CY-
IIECTBYIOL[ME NAIYJIBl IIPH aKHE XapaKTepPU3YIOTCs
B-kJreTOUHBIM HHQUIBTPATOM; CYIIECTBYET CBS3b
MEX/1y IPOJOJIKUTENIBHOCTHIO U TSXKECThIO BOCIA-
JIeHUsI U U3MeHEeHUEM CTPYKTYD CaJIbHBIX JKeJes,
YTO MMPUBOAUT K 00pa30BaHUI0 aTpoduuecKux pyo-
OB IIpHU aKkHe [6].

PyOIoB Ipy akHE MOXKHO M30€XKaTh, €CJIH Je-
YeHHe HAUYMHAETCS PAHO, a BEIOPAHHBIN METOJ Te-
pammy COOTBETCTBYET CTEIEHH TKeCTU 3a00JieBa-
HUA U OKasbiBaeTcs 3pdekTuBHbIM. O1jeHKa pUcKa
pasBuTHs PyOIIOB MOCTAKHE Y KOHKPETHOTO MallH-
€HTa SBJISIETCA BAXKHBIM 3TAIlOM BBIOOpA TepaIuu.
Ha ocHoBe aHasm3a JIUTEPATYPHI IO KJINHUYECKUM
dakTopam pucka pasBuTHs pyOIOB IOCJIe aKHE U
oIrpoca CIEeNUaJINCTOB 10 JIEUeHHUIO aKHe ObLI pas-
paboTaH crocob OLIEHKU PHCKa Pa3BUTHSA aTPodu-
YecKuX pyOIlOB IIPU YTPEBOU CHIMTU Y MOJIOABIX JIIO-
Jlefl ¢ YyBCTBUTEJIBHOCTBIO 82 % U crenuduvHO-
CThI0 43 %. OH BKJIIOUaeT B cebs yeTbipe GaKTo-
pa pucKa: TsKeIoe TedeHue aKHe, JJIUTEIHHOCTD
aKHe, ceMelHas UCTOpUs aTPOPUUYECKUX PyOIIOB OT
YI'PEBOU ChIIM U WH/AVBU/IYAJIBHBIN OTBET OPraHU3-
Ma Ha Kakoe-Tu00 MOBPEKIAEHUE, €CJIH TaKoe OBLIO
B aHaMHe3e. JTO JAET JUXOTOMUYECKUU DPe3YsIb-
Tar: 60Jiee HU3KUU WU 60Jiee BHICOKUHM PUCK pas-
BUTHA PyOLOB. B KIIMHIYECKON TPaKTHUKE 3TOT HUH-
CTPYMEHT MOXKET IIOMOYb BBISBJIATH HAIIHEHTOB C
PHCKOM aTpOo(UUYEcKOro WM JPYyTUX BUIOB pyOlie-
BAHUS U OINPEJIEJISATh UX NOTPeOHOCTh B PAaHHEM U
MaKCHUMaJIbHO 3(P(PEKTUBHOM JIeUeHUH yrpeBor 60-
nes3Hu [7, 8].

[IpocrieKTUBHOE WHCCIIEOBAHUE B3aUMOCBS3U
MEX/1y IEePBUYHBIMU (MIAIyJIbl, IIYCTYJIBI, KOMEIO-
HBI) ¥ BTOPUYHBIMU (aTpoduyeckue pyOIIbl, IOCTBO-
CHIAJINTEJIbHAS 9PUTEMA U IIOCTBOCIIAIUTETbHAS TH-
[IEPIUTMEHTAIU ) TOpAXKEHUAMHU B TeueHue 6 me-
cAnes (n = 32) IOKa3aJo, UTo MOYTHU BCe PyOIbI BO3-
HUKJIU HAa MEeCTe BTOPUYHBIX TOPAKEHUH U3 TIOCTBO-
CHAJINTEIbHBIX SPUTEMATO3HBIX IIATEH WU Ha Me-
CTe TOCTBOCIAIUTETbHOU I'UIIePIUTMeHTaIuU, KO-
TOpBIE, B CBOIO OU€epeb, CPOPMUPOBAIUCH HA MECTe

of these markers persisted in papules after three
weeks, which indicates irreversible destruction of
the sebaceous gland structures after inflammatory
remodelling in patients of this category. The re-
searchers made the following conclusions: long-ex-
isting papules with acne are characterized by B-cell
infiltrate; there is a relationship between the dura-
tion and severity of inflammation and structural
changes in the sebaceous glands, which lead to the
formation of atrophic scars in acne [6].

Acne scars can be avoided if treatment begins
early, and the chosen method of therapy corre-
sponds to the severity of the disease and is effec-
tive. An assessment of the risk of post-acne scars
in a particular patient is an essential step in the
choice of therapy. Based on the analysis of the re-
search literature on clinical risk factors for post-
acne scarring and a survey of acne treatment spe-
cialists, a method was developed to assess the risk
of atrophic scars in acne in young people, with a
sensitivity of 82% and a specificity of 43 %. It in-
cludes four risk factors: severity of acne, duration
of acne, family history of atrophic acne scars, and
the body’s response to any damage if there is a his-
tory of acne. This gives a dichotomous result: a
lower or higher risk of scarring. In clinical prac-
tice, this tool can help identifying patients at risk
of atrophic or other types of scarring and deter-
mine their need for early and most effective treat-
ment of acne [7, 8].

A prospective study of primary (papules, pus-
tules, comedones) and secondary (atrophic scars,
post-inflammatory erythema and post-inflamma-
tory hyperpigmentation) lesions over six months
(n = 32) showed that almost all scars developed at
the site of secondary lesions from post-inflammato-
ry erythematous macules or post-inflammatory hy-
perpigmentation which, in turn, formed at the site
of papules (83%) or developed (only 17%) directly
from papules and pustules bypassing the stage of
post-inflammatory erythema or hyperpigmenta-
tion. The duration of papules has been a critical
risk factor for scarring. Consequently, patients with
post-inflammatory erythema and hyperpigmenta-
tion have an increased risk of scarring [9].

Hypertrophic scars and keloids are not only a
cosmetic problem. Being combined with the subjec-
tive sensations (increased sensitivity, pain, burn-
ing, and itching in case of keloid scarring), they sig-
nificantly affect the patients’ quality of life. Quite a
lot of studies have been conducted on hypertrophic
scars and keloids, but mechanisms of their forma-
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mamysibl (83 %) subo (Bcero 17 %) pa3BuUBaIUCh He-
MMOCPEICTBEHHO U3 MAILyJl U MYCTYJI, MUHYS CTa[UI0
IIOCTBOCIIATUTEIBHON SPUTEMbBI HJIU TUIIEPITUTMEH-
Tanuu. J[JIUTETPHOCTD CYIIeCTBOBAHU S MAITyJI ObLIa
KJII0UeBBIM (pakTOpOM pricka pyOreBauus. CaemoBa-
TeJIbHO, TIOBBIIIIEHHBIA PUCK PYOLIeBaHUS UMEIOT I1a-
IIUEHTHI C TOCTBOCIAJIUTEIHHBIMH 3PUTEMON U TH-
nepnurMeHTanuen [9].

T'uneprpoduyeckre pyoOIbl U KEJIOUABI ABJIS-
I0TCSA HE TOJIBKO KOCMeTHYecKor mpobsemoii. B co-
YeTaHUU C CYOHEKTUBHBIMH OIILYIIEeHUSAMHU (TTOBBI-
IIEHHON YYBCTBUTEJIBHOCTHIO, OOJIBIO, JKIKEHUEM U
3yZIOM B CJIy4ae KeJIOUJTHOrO PyOlleBaHUs) OHU 3Ha-
YHUTEJIFHO BJIUAIOT HA KQYECTBO KU3HU MAIIUEHTOB.
[IpoBeeHO AOCTATOYHO MHOTO WCCJIEIOBAHUU TH-
nepTpodpUIECKUX PYOIIOB U KEJIOUJIOB, HO MEXaHU3-
MBI UX (POPMHUPOBAHHUA €Ille OKOHUYATEHHO HE yCTa-
HOBJIEHBI, a CTPATETUH MPOPUIAKTUKH U JIEUEHUS
OCTAIOTCS HEY/TOBJIETBOPUTETHHBIMH.

M3BeCTHO, UTO KeJIOWJHbIE U THIEPTpoduue-
ckue pyOITbl IPH aKHE SIBJISIOTCS PE3YIbTATOM XPO-
HUYECKOT'O BOCITAJIEHUS B PETUKYJIAPHOM CJIOE JIEp-
MBI, COIIPOBOXK/IAIOIIETOCS YBEJIUUEHUEM KOJIMYe-
cTBa aHOMAaJIbHBIX (GubGPoOJIaCTOB, HOBOOOpa3oBa-
HHEM KPOBEHOCHBIX COCY/IOB U TUIIEPITPOYKITUEH U
HapYIIEHUEM IIPOILIECCOB PEMOJIEIMPOBAHUS MEXK-
kJsierouHoro matpukca (ECM) ¢ MOBBIIIIEHHON KC-
peccueit kosiarena I u I1I tumnos [10].

OO6pas3oBaHue pyOIIOBOM TKAHHU BKJIIOUAET TPU
¢azbl, KOTOPBIE CIAEAYIOT B OTIPE/IEIEHHON BpEMEH-
HOU MOCJIeZIOBATEIbHOCTH: BOCIIAIUTEIbHYIO, ITPO-
smdepatuBHyio U ¢azy pemojesupoBaHus [11].
OCHOBHBIE CTPYKTYPHBIE €TUHUIIBI, aKTUBHBIE BOC-
MaJuTeJbHYI0 U nposudepatuBHyo ¢aszy — bu-
6po61acThl, SHAOTENUN KAIUJISIPOB, TpaHchop-
mupytomui ¢akrop pocra (TGF) p1 u B2, Tpom-
6ouurtapusi pakTop pocra (PDGF), uncynnnomno-
nmob6ubIH dakTop pocra (IGF-1) u snuaepMabHbIN
daxTop pocra (EGF). ®akTop pocTa s3HIOTEIUSA CO-
cynoB (VEGF), koTOpBIil poAyIupyeTcs SIUAep-
MaJIbHBIMU KJIETKAMH, BBICTYIIAET B KA4YECTBE I0-
JIOXKUTEJIBHOTO PEeryJsiTopa aHruoreHesa. TkaHe-
Bble UHTUOUTOPHI MeTasuionporenHas (TIMP) sB-
JIAIOTCS DH/IOTE€HHBIMU HWHTHUOUTOpAMU MaTPHUKC-
HBIX MeTasmonporenHas (MMP). Takum o6pazowm,
noBbleHHble ypoBHU TIMP npenmnosoxurtess-
HO CBsI3aHBI C THUIEPTpodUUecKUM OO6pa3oBaHU-
eM pybmoB. ®akTop Hekposa omyxonu a (TNF-a)
IIPEJICTABJISIET COOON BOCIAIUTEIbHBIN ITUTOKUH,
POy PYyEMBIH MOHOIIUTAMH B MakpodaramMmu BO
BpeMs BOCIIAJIUTENbHOH (a3l FI3BECTHO, YTO BTOT
IIUTOKWH BBI3BIBAET JIETPATAINIO KOJIJIareHa U CII0-
cOoOCTBYyeT MUHUMU3AIUU UPE3MEPHOTO pybiieBa-
Hus [12].

tion has not yet been fully established, while pre-
vention and treatment strategies remain unsatis-
factory.

It is known that keloid and hypertrophic scars
in acne are the result of chronic inflammation in
the reticular layer of the dermis, accompanied by
an increase in abnormal fibroblasts number, vascu-
larization, hyperproduction and impaired process-
es of the extracellular matrix (ECM) remodelling
with increased expression of collagen types I and
III [10].

The formation of scar tissue includes three
phases that go in a certain time sequence: in-
flammatory, proliferative, and remodelling phase
[11]. The main structural units of the active inflam-
matory and proliferative phases are fibroblasts,
capillary endothelium, transforming growth fac-
tor (TGF) B1 and B2, platelet-derived growth fac-
tor (PDGF), insulin-like growth factor (IGF-1) and
epidermal growth factor (EGF). Vascular endothe-
lial growth factor (VEGF) which is produced by
epidermal cells acts as a positive regulator of an-
giogenesis. Tissue inhibitors of metalloproteinases
(TIMP) are endogenous inhibitors of matrix metal-
loproteinases (MMP). Thus, elevated TIMP levels
are presumably associated with hypertrophic scar-
ring. Tumour necrosis factor alpha (TNF-a) is an
inflammatory cytokine produced by monocytes and
macrophages during the inflammatory phase. It is
known that this cytokine causes collagen degrada-
tion and minimizes excessive scarring [12].

In the remodelling phase, the excess extracellu-
lar matrix is degraded, and type III collagen, being
an immature form of collagen, is replaced by ma-
ture type I collagen. It is believed that TGF-[33 plays
a leading role in this process. Also, members of
MMP family have a significant effect on the ECM
degradation and remodelling, and mediate the deg-
radation of collagen I and III types, reducing in-
flammation and neutralizing the effects of chemo-
kines [13].

Decorin is a proteoglycan component of der-
mal connective tissue. It binds to type I collagen
fibrillae and affects TGF-f. By binding and neutral-
ising TGF-f, decorin reduces the stimulatory effect
of TGF-f3 on the synthesis of collagen, fibronectin
and glycosaminoglycan. Decorin levels decrease in
keloids and hypertrophic scars, and its anti-fibrotic
properties draw attention to it as a possible thera-
peutic agent [14, 15].

The role of periostin (extracellular matrix pro-
tein) is also actively discussed, the level of which is

Journal homepage: http://jsms.ngmu.ru

101



doi: 10.31549/2542-1174-2020-2-98-110

Hemuanunosa O.F. u dp. / Journal of Siberian Medical Sciences 2 (2020) 98—110

B dase pemopempoBaHuA U30BITOYHBIN MEXK-
KJIETOUHBIH MATPUKC JIeTpaupyeT, U KoJjareH
tuna III, He3pesasa ¢opma KojlareHa, 3aMelnaeT-
cs Ha 3penbii koyutareH tuna I. ITosararoT, yTo B
arom nporiecce TGF-3 urpaer Beayinyto posib. Tak-
JKe TIpeJicTaBuTeu cemelictBa MMP okaspIBaloOT Cy-
IIECTBEHHOE BJIMAHUE HA JIETPAAAINIO U PEMOJEU-
poBanue ECM u onmocpeziyIoT AerpaZjaliiio Kojiiare-
HOB I u III TuNOB, yMeHbIIasd BoclajeHue U HelTpa-
3y 3 GEKThI XeMOKHHOB [13].

JlekopyH sABJseTCA MPOTEOIVIMKAHOBBIM KOM-
IIOHEHTOM KOXKHOU COeAMHUTEILHOH TKAHU, KOTO-
pbIfl CBS3BIBAETCSA C KOJLJIAaT€HOBBHIMH (uOpHIa-
mu I Tuna u Biausietr Ha TGF-[. CBsi3bIBas U HEUTpa-
syt TGF-, 1eKOpUH CHHIKAeT CTHUMYJIUPYIOIIee
nericreue TGF-f3 Ha cuHTe3 KOJIareHa, GpubOpOHeK-
TUHA U VINKO3aMHHOIVIMKaHA. YPOBEHB JIeKOPHHA
YMEHBIIIAETCS MPU KEJIONAAX U TUIepTpohupoBaH-
HBIX pyOIax, a ero aHTHUGUOPO3HbIE CBOUCTBA IPU-
BJIEKAIOT BHUMaHUeE K HEMY KaK BO3MO>KHOMY Tepa-
MIEBTUYECKOMY CPEJICTBY [14, 15].

Takske aKTUBHO OOCY?K/IaeTCsl POJIb IEPUOCTHU-
Ha (6eJsiKa BHEKJIETOYHOTO MAaTPHUKCA), YPOBEHD KO-
TOPOTO PE3KO IOBBIIIEH IPU THIEPTPOPUUECKUX
pyO1ax u KeJyiouaax no CpaBHEHUIO ¢ HOPMAJIBHBIMU
TKaHAMH [16, 17].

[IpoBocnanuTesbHble (HAKTOPHI, TAKUE KAK WH-
tepaerikunbl [L-1a, IL-1B, IL-6 u dbaxkTop Hekpo3sa
OIIyX0JH ab(da, aKTUBUPYIOTCS B KEJIOUTHBIX TKa-
HAX, YTO TOBOPUT O TOM, YTO y MAIUEHTOB C KeJIO-
WU/IaMU TIOBBIIIEHA SKCIIPECCHSI ITPOBOCHAJIUTEND-
HBIX T€HOB B KO2Ke. DTO MOXKET CII0COOCTBOBATH XPO-
HUYECKOMY BOCIAJIEHHIO, KOTOPOE, B CBOIO OdYe-
penb, MOXKET BBI3BIBATh MHBA3UBHBIA POCT KEJIOU-
JIOB, XOTs 110 pe3yJsibTaTaM UCCJIe0BAHUA, KOTOPOe
6bL10 IpoBeZieHO B Typuuu (9O Uesl. B OCHOBHOH U
30 B KOHTDOJIBHOH TpyIIe), HOJIUMOP(QHBIE Bapu-
autel TNF-a (-308 G/A) u IL-18 (-511 C/T) okaza-
JIVCH HE CBSA3AHBI C IPEPACIIOIOKEHHOCTHIO K yrpe-
BOH ChINH, pyOIIeBAHUIO ITOCJIE AKHE HJIU TAMKECTHIO
axHe [18]. Bo3M0kHO, BKJIa/1 3TUX OT/IeIbHBIX IT0JIU-
MOpPGU3MOB B pa3BUTHE U3yYaeMbIX (PEHOTHUIIOB HE
CTOJIb BEJIUK, YTOOBI €r0 MOXKHO OBLJIIO OOHAPY?KUTH
B TAKHUX HEOOJIBIIUX I'PYyTIIIAX.

[ToBbIIIIEHHAA SKCIIPECCUS IPOBOCIAIUTEb-
HBIX (AKTOPOB 03HAYAET, UYTO KEJIOUAHBIE U THUIIEP-
Tpodudeckre pyoOLbl ABJIAIOTCA CIEACTBHEM BOCIIA-
JINTEJIBHBIX IIPOLIECCOB B PETUKYJIAPHOM CJIOE Jiep-
Mbl. PasjmuHble BHENIHVWE U BHYTPEHHUE CTUMY-
sl (MeCTHBIE, CUCTEMHBIE U T'€HETHUECKHE) IIOCIIe
MOBPEXKJEHUs MOTYT CII0COOCTBOBATH BOCIAJIE-
Huto. IIpupoza sTux pasgpakuresiel, CKopee Beero,
oTIpesiesisieT XapaKTepPUCTUKY, KOJIMYECTBO U Pa3BU-
THe KeJIOUJIOB W runeptpodudeckux pybros. NH-

sharply increased in hypertrophic scars and keloids
as compared to normal tissues [16, 17].

Pro-inflammatory factors, such as interleukins
IL-1qa, IL-1B, IL-6 and tumour necrosis factor alpha,
are activated in keloid tissues, which suggests that
patients with keloids have increased expression of
pro-inflammatory genes in the skin. These factors
may contribute to chronic inflammation which, in
turn, can cause invasive growth of keloids. How-
ever, a study in Turkey (90 individuals in the study
group and 30 in the control group) revealed that
polymorphic variants of TNF-a (-308 G/A) and
IL-1B (-511 C/T) were not associated with disposi-
tion to acne, post-acne scarring or severity of acne
[18]. It is possible that the contribution of these
individual polymorphisms to the development of
the studied phenotypes is not so significant that it
could be found in such small groups.

Increased expression of pro-inflammatory fac-
tors means that keloid and hypertrophic scars are
the results of inflammatory processes in the reticu-
lar layer of the dermis. Various external and inter-
nal stimuli (local, systemic and genetic) after da-
mage can contribute to inflammation. The nature
of these stimuli most likely determines the char-
acteristics, quantity and development of keloids
and hypertrophic scars. The intensity, frequency
and duration of these stimuli affect the rate of ap-
pearance and growth of scars. It is likely that the
clinical differences between keloids and hypertro-
phic scars reflect differences in the intensity, fre-
quency and duration of the reticular dermis inflam-
mation. Doctors cannot control the systemic and
genetic risk factors for the development of keloids
and hypertrophic scars, nevertheless, a number of
treatment methods that reduce inflammation can
be used [19].

Although most keloids occur sporadically, a ge-
netic disposition to their development is supported
by both familial aggregation of some keloids and
large differences in risk between populations. Ke-
loid scars are known to be 20 times more often
in African versus Caucasian descent individuals
[20]. According to the latest findings, only about
30 genes were studied for association with keloid
disease [21], while, for example, 650 genes were
studied for association with psoriasis.

Transforming growth factor TGF-f1 is a well-
known fibrogenic cytokine produced by many types
of cells, including skin fibroblasts. To investigate
whether this fibrogenic cytokine is involved in the
development of a hypertrophic scar, TGF-f1 gene
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TEHCHUBHOCTD, YACTOTA U MPOIOJIKUTETHHOCTD STUX
paszpakuTesiel BIUAIOT HA CKOPOCTD IOSBJIEHUS U
pocta py6110B. BrioyiHe BepOsITHO, UYTO KJIUHUYECKUE
pasyImyus MeX/1y KeJIOUJaMU U TUIePTPOIIecKu-
MH pyOLaMy OTPa’kaloT PA3IN4YusA B MHTEHCUBHO-
CTH, YaCTOTe U TMPOAOJIKUTETHLHOCTH BOCIIAJIEHUS
PeTHUKYIAPHON JepMbl. Bpauu He MOTYT KOHTPOJIH-
pOBaTh CUCTEMHBIE U TeHETHUECKHE (DAKTOPHI PHCKA
pasBUTHUA KeJIOUJHBIX U TUNepTpodUYecKux pyo-
LIOB, TEM He MeHee MOKHO HCII0JIb30BaTh PsIJT METO-
JIOB JIEUEHU I, KOTOPbIE 00eCIIeYNBAIOT YMEHbIIIEHE
BOCIIaJIeHus [19].

XoTsa OOJIBIIMHCTBO KEJIOUJIOB BCTPEUYAIOTCS
CIIOpaJINYecKy, TEeHEeTHYecKas IIPeApacIIOIOKeH-
HOCTH K UX PA3BUTHIO MOAAEPKUBAETCSA KAK CEMEH-
HOW arperanyieil HEKOTOPBIX KeJIOUZIOB, TaK U O0JIb-
UMY PA3JIUYUSIMUI B PUCKE MEXK/TY MOMYJISIIUSIMU.
V3BecTHO, UTO KeJIouAHBbIE PYOLBI B 20 pas3 dalie
BCTpEeYaoTCs y HEI'POUJIOB 110 CPABHEHUIO € eBPOIle-
ouzamu [20]. ITo mocaegHUM JaHHBIM BCErO OKOJIO
30 TeHOB M3YYaJINCh HA aCCOIHUAIIUIO C KeJIOUHOHN
OoJie3HBIO [21], TOT/Ia KaK, HAIIPUMED, HA acCOIlHa-
LIHIO C ICOPUA30M H3YUYEHO 650 TE€HOB.

Tpauchopmupyromuii dakrop pocra TGF-B1
SIBJISIETCSI XOPOIIO U3BECTHHIM (UOPOTEHHBIM ITH-
TOKHHOM, IIPOAYLIIPYEMBIM MHOTUMH TUIIAMHU KJle-
TOK, BKJITOUasi ¢pubpobsacTsl koxku. YToOBI Hccite-
JIOBaTh, BOBJIEUEH JIU 3TOT (GUOPOTEHHBIN ITUTOKUH
B pasBUTHe Truneprpodudeckoro pybma, skcipec-
cuto rena TGF-f1 onlenuBav Ha HEOOJIBIITUX 06pas-
ax Ko (B runepTpoduieckoi pyOIioBoi TKAaHU U
B HOpMAaJIbHOU KOK€) U OOHAPY?KUJIH, YTO B PyOII0-
Bo# TkaHu dKcupeccus TGF-f1 B 5 pa3 BbIlIe, YeM B
HOpPMAaJIbHOH KOXe [22].

Jpyrue uccienoBaTe I U3y4aiu YaCTOTHI Te-
HoTUIOB mostuMopdusma -509C/T rena TGF-f1 y
169 MaIMEHTOB C KEJIOUIAMHU U y 119 3/TOPOBBIX JIIO-
neri. C moMoIbl0 UMMYHO(DEPMEHTHOTO aHaJJIHU3a
ompe/esisaan maa3MeHHsii yposenb TGF-P1 y Bcex
HccsielyeMbIX U aHAJM3UPOBAJIM IJIa3MeHHBIH
ypoBeb TGF-p1 y mamueHTOB ¢ pa3/IMuHbIMU Te-
HoTunamu nosumopdusma -509 C/T rena TGF-f1
B I'pyIIle MAlMEHTOB C KeJIOWJaMH. Puck pasBu-
THs KeJIOUJIa Y MalueHToB ¢ ayyeneM C okazai-
cs B 1.4 pasa BblIe (95% TOBEPUTEIBHBIN HHTEP-
Bas (JIN) = 1.1-1.9, p < 0.05). YpoBeub TGF-B1 B
IJ1a3Me KPOBH MAIMEHTOB C KEJIOUJAMHU COCTABUJI
42 £+ 9 MKT/J, 4TO OBLJIO 3HAYUTEIBHO BBIIIIE, YEM
B KOHTPOJBHOU rpynrme (34 + 8 MKr/i, p < 0.05).
B rpymmne ¢ kesougamu ypoBeHb TGF-B1 B miazme
kpoBu nanueHToB ¢ reHoTunamu CC u CT 6511 cx0-
JKUM (40—43 £ 9 MKT/JI) ¥ 3HAUUMO BHIIIE, YEM Y
narueHToB ¢ renotunom TT (34 + 8 mkr/in) [23].

expression was evaluated on small skin samples
(in hypertrophic scar tissue and normal skin) and
found that TGF-f1 expression was five times high-
er in scar tissue than in normal skin [22].

Other researchers studied the distribu-
tion frequency of the -509C/T polymorphism of
the TGF-f1 gene in 169 patients with keloids and
119 healthy people. The enzyme-linked immunosor-
bent assay determined the plasma level of TGF-f31
in all the subjects and analyzed the plasma level
of TGF-[B1 in patients with different genotypes of
the -509 C/T polymorphism of the TGF-f1 gene in
the group of patients with keloids. The risk of ke-
loid formation in patients with allele C was 1.4-
fold higher (95% confidence interval (CI) = 1.1-1.9,
p < 0.05). The level of TGF-1 in the blood plasma
of patients with keloids was 42 + 9 pg/l, which
was significantly higher than in the control group
(34 + 8 ug/1, p < 0.05). In the keloid group, the level
of TGF-f1 in the blood plasma of patients with CC
and CT genotypes was similar (40—43 + 9 ug/1) and
significantly higher than in patients with TT geno-
type (34 + 8 ug/1) [23].

A meta-analysis of five studies (564 cases of ke-
loid scars and 620 individuals in the control group)
did not reveal a significant association of the -509
C/T polymorphism of the TGF-f1 gene with keloids
in five genetic models (comparison of alleles, he-
terozygotes and homozygotes, dominant and reces-
sive models), both in general analysis and in the
analysis of subgroups. In 3 studies, the risk of de-
veloping keloid scars was higher for carriers of the
T allele (C compared to T: odds ratio (OR) = 0.80,
95% CI = 0.65—-0.98, p = 0.03; CC compared to TT:
OR = 0.62, 95% CI = 0.41-0.94, p = 0.02). And in
2 studies, the risk was higher for carriers of the C al-
lele (C compared to T: OR = 1.52,95% CI = 1.15—2.01,
p = 0.004; CC compared to TT: OR = 2.14, 95%
CI = 1.24— 3.70, p = 0.02; CC in comparison with
CT+TT: OR =2.04,95% CI =1.29—3.24, p = 0.002).
Thus, there is still no clarity regarding the role of
the -509C/T polymorphism of the TGF-f1 gene in
the development of keloid disease [24].

In the Chinese Han population, GG genotype
of the polymorphism C -572 G gene IL-6 was as-
sociated with an increased risk of keloid scars
(GG versus CC: OR = 2.097, 95% CI = 1.100—3.995,
p = 0.025). G allele is also associated with an in-
creased risk of keloid scars (G versus C: OR = 1.317,
95% CI = 1.002-1.730, p = 0.048). Moreover, the
authors of this study revealed an increase in IL-6
levels in the serum of patients with keloids who
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MeTaaHau3 MATU UCCIIEIOBAHUN (564 citydas
C KeJIOUJTHBIMH PyOIaMu u 620 uesl. B TPyIIIe KOH-
TPOJISI) HE BBISBUJI 3HAUUMOM CBS3U MOJTUMOP(U3-
Mma -509 C/T rena TGF-f}1 ¢ KeJIOU/JaMH IO IISITU Te-
HETUYECKUM MOJIeJisiM (CpaBHEHUE ajiesiel, rere-
PO3UTOT W TOMO3WTOT, IOMUHAHTHASA U PEIECCUB-
Has MOJIEJTH), KaK B 00IIeM aHAJIU3€e, TaK U IIPU aHa-
JM3e TOATPYyNI. B 3 ucciie/loBaHUAX PUCK Pa3BH-
THA KeJIOUJHBIX pyOIlOB OBLI BBIIIE Y HOCUTEJIEH
annens T (C B cpaBueruu ¢ T: oTHOIIEHNE ITAHCOB
(O11II) = 0.80, 95% U = 0.65—0.98, p = 0.03; CC B
cpasHenuu ¢ TT: OIII = 0.62, 95% AU = 0.41-0.94,
P = 0.02). A B 2 UCCIEOBAHUAX PUCK OBLI BBIIIE Y
nocutesen astensa C (C B cpasuenuu ¢ T: OIIl = 1.52,
05% 1IN = 1.15—2.01, p = 0.004; CC B cpaBHEHUU C
TT: O = 2.14, 95% AU = 1.24-3.70, p = 0.02; CC B
cpaBHeruu ¢ CT + TT: Ol = 2.04, 95% U = 1.29—
3.24, p = 0.002). Takum 06pa3om, MoKa HeT ICHOCTH
OTHOCUTEJIBHO posu noaumopodusma -509C/T rena
TGF-f1 B pa3BUTHU KeJIOUTHOU 601e3HY [24].

B kwuraiickoi momyasanuu XaHb HOCUTEIbCTBO
reHotuna GG nonumopdusma -572 CG rena IL-6
OBLJIO ACCOITMUPOBAHO C IMOBBIIIIEHHBIM PUCKOM pa3-
BUTUSA KesouaHbIX pyonoB (GG B cpaBuenuu ¢ CC:
OIII = 2.097, 95% I = 1.100—3.995, p = 0.025). AJ-
aenb G Tak)Ke acCOIUMPOBAHA C MOBBIIIEHHBIM PH-
CKOM Pa3BUTHUSA KeJIOUAHBIX pyOI11oB (G B cpaBHEHUH
¢ C: Ol = 1.317, 95% IV = 1.002-1.730, p = 0.048).
Kpome TOro, aBTOpBI TaHHOT'O HCCJIEIOBAHUSA BBIsA-
BUJIN yBeJIMUeHUe ypoBHA IL-6 B CBIBOPOTKe y Ia-
IIUEHTOB C KEJIOUTHBIMH pyOIlaMu — HOCUTEJIEH Te-
HoTuna GG o cpaBHEHUIO C MAIUEHTAMHU — HOCUTE-
asivu resoruia CC [25].

B AHrmun nmpu u3ydeHUU HeOOJIBIION TPYIIIBI
MMAIMEHTOB C KeJIOUTHBIMHE pyOIiamu (B TOM 4ucie 1
IocJIe aKHe) OOHAPYIKUJIH, UTO mpucyTcrBue HLA-
DRB5 n HLA-DRB1*15 GbLJI0 aCCOITUHUPOBAHO C Ke-
JIOUIHOU 00JIE3HBIO [26].

B metaanmanu3 accomuanuu moJuMopdusMa
Arg72Pro rena P53 ¢ KeJIOUJHBIMU pyOIlaMu B KU-
TaWCKON IMOIYJIAIUN BKJIIOUEHBI PE3YJIBTAThI 6 HC-
CJIEIOBAaHUM, B KOTOPBIX YYacCTBOBAJIU 359 MaIlH-
€HTOB C KEJIOUJIHBIMHU PyOIlaMu U 493 YeJs. B Kade-
cTBe KOHTpoJIA. OpeieseHo, 4to Pro auaiesp noimn-
Mmopdusma Arg72Pro rena P53 saBisercs pakTopom
pUCKa Pa3BUTHUA KEJIOUIOB B KUTAWCKOHM IOIYJIA-
MU 110 cpaBHEHUIO ¢ aytesneM Arg (OII = 2.29, 95%
JN = 1.45-3.60) [27].

B KuTtae 6bLJIO TIPOBEJIEHO UCCTIEOBAHUE, B KO-
TOPOM Ha II€EPBOM 3Talle IPOAHAJIU3UPOBAIN 1056
MalMEeHTOB C aKHe U 1056 JIUI[ B TPyIIIIE KOHTPO-
JIs C WCIOJb30BAHUEM UHIIOB BBICOKOW ILJIOTHO-
ctu. Ha BTOpoM aTame uccie/oBaHusA Ha HE3aBUCH-
MOH koropTe (1860 mamnueHToB U 3660 Yesl. B IPyI-

were carriers of genotype GG compared with carri-
ers of genotype CC [25].

In England, when studying a small group of pa-
tients with keloid scars (including post-acne), it was
found that the presence of HLA-DRB 5 and HLA-
DRBi1*15 was associated with keloid disease [26].

The meta-analysis of the Arg72Pro polymor-
phism association of the P53 gene with keloid scars
in the Chinese population included the results of
6 studies in which participated 359 patients with
keloid scars and 493 individuals as a control
group. The meta-analysis found that the Pro al-
lele of the Arg72Pro polymorphism of the P53 gene
is a risk factor for keloids in the Chinese popula-
tion compared to the Arg allele (OR = 2.29, 95%
CI = 1.45-3.60) [27].

In China, a genome-wide association study of
severe acne in which, at the first stage, 1056 pa-
tients with acne and 1056 individuals in the control
group were analyzed using high-density chips. At
the second stage of the study, in the independent
cohort (1860 patients and 3660 individuals in the
control group) researchers tested 101 single-nucle-
otide polymorphisms, of which 3 showed consis-
tent association: rs747650 of the DDB2 gene and
rs1060573 (11p11.2), rs7531806 of the SELL gene
(1q24.2) which participate in androgen metabolism,
inflammation and scarring in severe acne [28].

Japanese multi-stage genome-wide association
study (824 individuals with keloid scars and 3205 in-
dividuals — the control group) revealed 4 polymor-
phisms in 3 chromosome regions: 1q41, 3q22.3-23
and 15q21.3. The most significant associations were
with rs873549 (OR = 1.77) on the chromosome 1.
Associations on the chromosome 3 were obtained
for rsi511412 in the FOXL2 gene (OR = 1.87) and
rs940187 in the BPESC1 gene (OR = 1.98). Besides,
researchers found an association with rs8032158
located in the NEDD4 gene on the chromosome 15
(OR = 1.51) [29].

In the Chinese Han population, to replicate the
results obtained in Japan, were analysed 714 cases
with keloid and 2944 cases in the control group
using the Sequenom MassARRAY System. The
authors found 3 single-nucleotide polymorphisms
in two regions associated with keloid scars: 1q41
(rs873549 and rs1442440) and 15q21.3 (rs2271289,
NEDD4). The researchers also found one risk hap-
lotype AG (OR = 2.02) and 2 protective haplotypes
GA and AA consisting of rs873549 and rs144244o0.
Thus, the researchers confirmed the association of
two loci 1q41 and 15q21.3 in the Chinese Han popu-
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Ile KOHTPOJISI) IPOBEPEH 101 OHOHYKJIEOTUIHBIH
mouMop¢du3M, U3 KOTOPBIX 3 MOKa3aJld acCOIU-
anuio: 1747650 reia DDB2 u rs1060573 (11p11.2),
rs7531806 rena SELL (1q24.2), KOTOpPbIE YUaCTBYIOT
B MeTaboiM3Me aH[POTEHOB, MpOoIeccax BoCHase-
HUA U 00pa3oBaHUU PyOIIOB IPU aAKHE TSIKEJIOH CTe-
nenu [28].

B x0/1e MHOrOCTYIIEHUATOTO SAMOHCKOTO HCCIIe-
JIOBaHUS MTOJTHOTEHOMHBIX acconuanuii (824 ues. ¢
KeJIOUTHBIMU PyOIaMu U 3205 JeJl. — Tpyma KOH-
TPOJIs) BBISIBUJIN 4 TOJTUMOpP(}U3MA B 3 XPOMOCOM-
HBIX 00J1aCTAX: 1941, 3922.3-23 1 15921.3. Haubosee
3HAYMMble acCONMAINHN HaOII0mamuch ¢ rs873549
(OI = 1.77) Ha 1-# XpoMocoMe. Accoluanuu Ha 3-i
XPpOMOCOMe TIOJIYUeHbI A1 1$1511412 B reHe FOXL2
(OII = 1.87) u rs940187 B rene BPESC1 (OIII = 1.98).
Kpowme Toro, o6Hapy»keHa accoruaiusi ¢ rs8032158,
pacnosioskeHHOM B reHe NEDD4 Ha 15-11 XpoMOcoMe
(OI1I = 1.51) [29].

B xuraiickoii monyssAanuu XaHb JJ1s pelIUKa-
WU pe3yJbTaToB, MOJyUYeHHbIX B fNoHMHU, TpoBe-
JIN aHAJIU3 714 CJIydaeB C KEeJOUJIOM U 2944 CIIy-
YaeB B KOHTPOJIPHOM TpyIIe C IOMOIIBIO CHUCTE-
Mbl Sequenom MassARRay. ABTopsl Hamiu 3 of-
HOHYKJIEOTUTHBIX MOJUMOp(HU3Ma B JIBYX PEruo-
HaX, aCCOIMUPOBAHHBIX C KEJIOUJHBIMHU pPyOIiaMu:
1941 (rs873549 u rs1442440) u 15q21.3 (rs2271289,
NEDD4). ABTOpBI TaK:Ke 0OHAPYKUJIN OAUH TaIljIo-
tun pucka AG (Ol = 2.02) u 2 3aIUTHBIX TAMJIOTH-
na GA u AA, cocrodimux ua rs873549 u rsi442440.
Takum 006pa3oM, aBTOPBI IOJTBEPAHUJIM ACCOIHA-
MO JIBYX JIOKYCOB 1041 ¥ 15(021.3 B KUTAUCKOH I10-
MyAs1uy XaHb, YTO MO3BOJISIET TOBOPUTH 00 0011IeM
reHETUUYeCKOM (paKTope, IpeApacIosarameM K
Pa3BUTHIO KEJIOUTHBIX pyOIIOB B ATIOHCKOMN M KUTaM-
CKOU TIOMYJIAIUAX [30].

Kesmonpaer passuBaroTcs npu ¢ubpomnporude-
PaTUBHBIX HAPYIIEHUAX HA (POHE XPOHUUECKUX BOC-
MMaJINTEJIbHBIX IIpolleccoB B Koxke. IlosiHOrEHOM-
HOE UCCJIEZIOBAaHHUE ACCOIMAIIMI ITOKA3aJi0 CBS3b C
rs8032158 B rene NEDD4. DTOT reH 3KCIIpeccupy-
eTcsi HEPBHBIMH KJIETKaMH-IPeIIeCTBeHHUKaMH,
WMeeT IIeCTh Pa3HbIX TPAHCKpHUITOB. Hocuresnb-
cTBO asess pucka C rs8032158 y maueHToB ¢ Ke-
JIOUAHBIME pyOIlaMu CBs3aHO ¢ U3buparesbHO 6O-
Jlee BBICOKOH DKCIIpeccrell TPAHCKPHUITA 3-TO THIIA
(TV3 NEDD4) u aktuBanueii NF-kB mytu. Ananus
nokasas, yTo NEDD4 TV3 yuyacTByeT B aKTUBalluU
NF-xB mocpenctBoM ero acconyanuu ¢ afamnTep-
HbIM Oesikom RIP. 9Tu pe3ybTaThl CBUAETETLCTBY-
10T 0 ToM, 4To NEDD4 TV3 aBjisieTcsa noTeHIua b-
HBIM THATHOCTHYECKUM MapKepOM U TepameBTHuYe-
CKOH MMUIIIEHBIO MPU XPOHUYECKUX 3a00JIeBaHUAX
KOKH, BKJIIoYast Kesouz, [31].

lation, which suggests a common genetic factor pre-
disposing to keloid scars in Japanese and Chinese
populations [30].

Keloids develop in fibro-proliferative disorders
with chronic inflammatory processes in the skin.
A genome-wide association study showed the link
with rs8032158 polymorphism in the NEDD4 gene.
This gene is expressed by neural precursor cells
and has six different transcripts. The presence of
the risk allele C rs8032158 in patients with keloid
scars is associated with selectively higher expres-
sion of type 3 transcript (TV3 NEDD4) and the
NF-kB pathway activation. The analysis showed
that NEDD4 TV3 is involved in the activation of NF-
kB through its association with the adapter protein
RIP. These results suggest that NEDD4 TV3 is a po-
tential diagnostic marker and therapeutic target for
chronic skin diseases, including keloid [31].

Genome-wide association study of 478 African
Americans (122 cases, 356 individuals in the con-
trol group) was conducted in the United States in
2014. An association with the q21.2-22.3 locus on
chromosome 15, which includes the NEDD4 gene,
was detected. Previously, an association with ke-
loid scars in Japanese and Chinese populations
was shown for this gene. However, among African
Americans, a more significant association was iden-
tified with the MYO1E gene. Besides, an association
with the q13.5 locus on the chromosome 11 was
established (MYO7A gene, rs35641839, OR = 4.71,
95% CI 2.38—9.32, p = 8.34 - 107°). The researchers
consider that the identification of polymorphisms
associated with the formation of keloid scars in two
myosin genes suggests that the altered cytoskeleton
contributes to the enhanced migratory and invasive
properties of keloid fibroblasts [20].

Long non-coding RNAs (IncRNAs) are thought
to play a significant role in the occurrence of human
diseases. Studies have shown that overexpression
of the long non-coding RNA AC067945.2 did not af-
fect cell proliferation in hypertrophic scar tissues,
but contributed to early apoptosis in normal skin
fibroblasts. Also, overexpression of AC067945.2
inhibited the expression of the COL1A1, COL1A2,
COL3A1 and a-SMA proteins. In turn, TGF-B1
can inhibit the expression of AC067945.2. Com-
pared with mRNAs in the control group, in the
AC067945.2 overexpression group, the 138 mRNAs
were differentially expressed, of which 14 were
up-regulated and 124 — down-regulated. Overex-
pression of AC067945.2 correlated with develop-
mental processes, binding, extracellular region
and the VEGF and Wnt signalling pathways. The
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ITosiHOTEHOMHOE accolMaTHBHOE HCCJIeZ0BA-
Hue 478 adppoaMepukanIiieB (122 ciaydas, 356 4es. B
rpy1me KoHTpoJs) nposeinu B CIITA B 2014 1. Beuia
oOHapy’KeHa accoluanus ¢ JIOKyCOM (21.2-22.3 Ha
15-11 XpoMocoMe, KOTOPBIN BKJoYaeT reH NEDD4.
Panee nyis aTOro reHa OpLya MOKa3aHA aCCOIUAIINI
C KeJIOUTHBIMU pyOIlaMu B SITTOHCKOU M KUTAHCKOH
monynsnusax. Ho y appoamepukanies 60see 3HAYH-
Mad cBA3b BbIABJIeHA ¢ reHoM MYO1E. Kpome Toro,
YCTaHOBJIEHA accoluanus ¢ JOKYCcOM (13.5 Ha 11-U
xpomocome (ren MYO7A, rs35641839, OII = 4.71,
95% ]I 2.38-9.32, p = 8.34 - 107%). ABTOPBI IpeAIIO-
JIaraloT, uTo HuAeHTU(UKAIIUA TOJITUMOP(PU3MOB, ac-
COLIMUPOBAHHBIX C 0OpPa30BAaHNEM KEJIOUTHBIX PyO-
[IOB B IBYX r'eHAaX MUO3UHA, CBU/IETEIBLCTBYET O TOM,
YTO U3MEHEHHBIN IIUTOCKeJIeT CIIOCOOCTBYeET yCule-
HHUIO MUTPAIIMOHHBIX M NHBA3UBHBIX CBOMCTB KeJIO-
UIHBIX (pubpobacTos [20].

CuuTaercs, 4TO JJIMHHBIE Hekopupytomre PHK
(IncRNAs) urpamoT 3HaYMMYIO POJIb B BO3BHUKHO-
BeHUHU 3a00sieBaHUN uesioBeka. MceemoBaHus I10-
KaszaJik, YTO CBepXdKCIIpeccHs AJUHHOU HEKOIU-
pyiomeit PHK AC067945.2 He Bimsijia HAa KJIETOY-
HYyI0 Iposiudepanuio B runepTpodUpPOBAHHBIX TKA-
HAX pyOIa, HO crocoOCTBOBajsia PAaHHEMY arlloIl-
TO3y B HOPMaJIBHBIX dubpobiacrax koxu. Kpome
Toro, ceepxakcrpeccuss AC067945.2 WHTHOUPOBA-
s1a sxcpeccuio 6exkoB COL1A1, COL1A2, COL3A1 1
a-SMA. B cBoro ouepenn, TGF-f31 moxkeT uHTHOUPO-
BaTh 3Kcipeccuto AC067945.2. B rpynie co cBepx-
skcrapeccueir AC067945.2 y 138 MPHK skcmpeccus
OTJIMYasach OT TPYHIIBI KOHTPOJISA, U3 HUX Y 14 OHA
ObLyIa MTOBBINIEHA U Y 124 TIOHIKeHa. CBepXaKcIpec-
cua AC067945.2 KoppesupoBajia ¢ IIPOIEeccaMu
pasBUTHS, CBA3BIBAHUEM, BHEKJIETOYHOH 00J1aCTHIO
u curHajpHbIMU yTsaMu VEGF u Wnt. Hccenenoa-
Hue BeIsABUIIO QyHKIUK HOBOM INcRNA AC067945.2,
KOTOpBIE MOT'YT IIOMOYb IIOHATH MEXaHU3MBI, Pery-
nupyemble AC067945.2, B maToreHese runeprpodu-
yeckux py6IoB [32].

OOHapy:keHa CBEpXdKCIIPecCHs IJIMHHOW He-
kopupyomeii PHK ncRNA8975-1 B runeprpodu-
YecKUX pyOlax u KoKHbIX ¢ubpobiacrax. CBepx-
skcrpeccusi IncRNA8975-1 mpemsiTCTBYeT MPOJIH-
depanuu kyeTok U cHuUkaet skcrpeccrio COL1A2,
COL1A1, COL3A1 u a-SMA B ¢dubpobiactax ru-
neprpoduUeckux pPyOLOB, TOrAa KaK HOKJAyH
IncRNA8975-1 maer obpatubiii 3dpdert. lanbHew-
IIIMe HCCJIeIOBAaHUs MEXaHU3MOB, KOTOPBIMU pery-
nupyercsi skcrnpeccuss IncRNA8975-1, BO3MOKHO
[IPUBEAYT K JIyYIIEMY IOHHMAHHIO IIAaTOTeHe3a T'U-
neprpoduueckux pyomos [33].

IIpu runepskcrpeccuu Majiol WHGOPMAIIMOH-
Hoit PHK miR-155 TopmosuTcs nmposudeparus kie-

study revealed the functions of the new IncRNA
AC067945.2, which may help to understand the
mechanisms regulated by AC067945.2 in the
pathogenesis of hypertrophic scars [32].

Overexpression of long non-coding RNA
ncRNA89g75-1 was detected in hypertrophic
scars and skin fibroblasts. Overexpression of
IncRNA8975-1 inhibits cell proliferation and down-
regulates the expression of COL1A2, COL1A1,
COL3A1 and a-SMA in fibroblasts of hypertrophic
scars, while knockdown of IncRNA8975-1 has the
opposite effect. Further studies of the mechanisms
that regulate the expression of IncRNA8975-1 may
lead to a better understanding of the hypertrophic
scars pathogenesis [33].

Overexpression of micro-RNA miR-155 inhibits
cell proliferation, reduces the collagens expression in
vitro, and inhibits the collagen fibers arrangement in
vivo, i.e. miR-155 is a critical regulator in the forma-
tion and development of hypertrophic scars which
can be a potential target for their molecular therapy
[34]. Another small messenger RNA, miR31-5p, is
essential in the formation of hypertrophic scars by
inhibiting FTH (factor-inhibiting HIF-1) and regulat-
ing the HIF-1a pathway. Knockdown of miR31-5p
effectively suppresses the formation of hypertrophic
scars. Thus, miR31-5p may be another target for hy-
pertrophic scars therapy [35].

Wound healing and scar formation are well de-
scribed at the cellular and molecular levels, but tru-
ly effective molecular or cellular modern therapies
still do not exist. Recent discoveries have shown the
role of skin stem cells and fibroblasts in the rege-
neration of injuries and scar formation. These find-
ings can help develop a therapy that prevents and
reduces scarring in people without significant side
effects. New methods of treatment associated with
the use of human stem cells, as well as agents that
target specific cells and modulate the immune re-
sponse to trauma, are currently at different stages
of research [36, 37].

CONCLUSION

The study of the genetic aspects of scar forma-
tion after acne, as well as the determination of mo-
lecular genetic markers of this condition, is almost
at the very initial stage. It is likely that in the years
to come this gap will be filled, which will give im-
petus to the development of new effective means of
preventing and treating this disease.
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TOK, CHU’KaeTcs BHIPAbOTKA KOJIJIAaT€HOB in Vitro u
IIO/]ABJISIETCS PACIIOJIOKEHIE BOJIOKOH KOJIJIaTeHa in
VivO, T.e. MiR-155 — 5TO KPUTHUYECKH BasKHBIU PETy-
JIATOP B CTAHOBJIEHUU U Pa3BUTHUU TUnepTpodude-
CKHX PyOIIOB, KOTOPBIA MOXKET OBITH IOTEHIINATBHOM
MUIIIEHBIO B UX MOJIEKYJISIpDHOU Tepanuu [34]. Jpy-
ras masnas uadopmaruonas PHK — miR31-5p —
WUrpaeT BaXKHYI0 POJIb B (POPMHPOBAHUM THUIIEP-
Tpoduueckux pyoIoB myrteMm uHruOmpoBanus FIH
(factor-inhibiting HIF-1) u perynupoBauus HIF-1a
nytu. Hokzmayn miR31-5p acddekTuBHO momaBiis-
et ¢popMUpOBaHHE TUIIEPTPOdUUecKUuX pyoIoB. Ta-
KM 006paszoM, miR31-5p MoKeT ObITH ellfe O/THOH Te-
pamneBTUYECKON MUIIIEHBIO TTPU THIEPTPOPUUECKUX

pybuax [35].

JleueHue paH 1 06pa3oBaHue PyOIIOB OCTATOU-
HO XOPOIIIO ONHMCAHbI HAa KJIETOYHOM U MOJIEKYJIAP-
HOM YPOBHSIX, HO JIEUCTBUTEJIBHO 3(h(PEKTHBHBIX
MOJIEKYJISIPHBIX MJIN KJIETOYHBIX COBPEMEHHBIX Me-
TO/IOB JIeUeHUs Bce ellle He cyllecTByeT. HenaBHue
OTKPBITHS ITOKA3aJTH POJIb CTBOJIOBBIX KJIETOK KOXKH
1 Gubpo6IACTOB B pereHepaluy TpaBM U 06pa3oBa-
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3AKIIOUEHUE

M3yueHrie TEHETHYECKUX ACIIEKTOB ITPOO6JIEMBI
dbopmupoBanus pyoOIoB Hocse aKHe, a TAKIKE OIIpe-
JleJIeHue MOJIEKYJISIDHO-TEHETUYECKUX MapKepOB
9TOT0 COCTOSIHUS HAXOAUTCsA MPAKTHYECKH Ha ca-
MOM HavaJIbHOM 3Talie. BeposTHO, B OJrkaiiime
TOZIBI ATOT MPO0OesT OyAEeT 3aIoHEH, YTO ACT TOJI-
YOK K pas3paboTkKe HOBBIX 3(P(PEKTUBHBIX CPECTB
pOodUIAKTUKHU U JIEYEHHU I 9TOTO 3a60JIeBaHUS.

KoHuukT MHTEpecoB. ABTOPHI 3asBJISAIOT
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