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Lienb: aHanus nnTepaTtypbl, NOCBALEHHOW 3NUAEMMUONOTMK, NAaTOTEHE3Y PAa3/IUYHbIX TUMOB NMPOrPECCUPYIOLLErO CEMEWHOTO BHYTPUNEYEHOUYHOTO XO-
necrtasa (MCBX).

Martepuan u metogbl: NPoBeEH NOUCK IUTePaTypbl, 3arpy>KeHHoM Ha nnatdopmax PubMed no cnesytoLwmm KaYEBbIM CI0BaM: NPOTPECCUPYHOLLUIA
CeMENHbIN BHYTPUMEYEHOUHDIN XonecTas, 60n1e3Hb U CUHAPOM baitnepa, HOBOPOXKAEHHbIE. Bbln BbIGPaHbI M MPOaHaAU3UPOBaHbI 76 Hay4HbIX PaborT,
ony6/MKoBaHHbIX 33 nocneaxue 10 net.

PesynbTarthl: K HacTosLemy BpemeHu [CBX 06beanHaeT 12 TMNOB, XapaKTepH3YOLLMXCA HapyLWeHWeM cUHTe3a Be/IKoB, obecneynBaloLLmMx TPAHCMoPT
YENUHBIX KUCNOT. HecmoTps Ha onpesenéHHble pasnnyuns, Bce TUMbl XapaKTEPU3YHOTCA CXOAHOM KIMHUYECKON KapTUHON. [JnarHocTka 60MblUMHCTBA
T1noB MCBX MOXKeT HauMHaTbCA C 0bHapyKeHWs y pebEéHKa ¢ Nnpamoi runepbunnpybuHemmnein HOPManbHOro YPOBHA Y-IyTaMUHNENTUAA3bI.
3aKnoyeHne: reHeTUYeCcKUe UCCAEA0BaHNA NOCNEAHErO AECATUNETMA 3HAUUTENBHO PACLLMPUAN Halle NPeACTaBNEHUE O XONeCcTaTUYeckux 3abone-
BaHMAX, NOKa3aB WMPOKNUIA AMana3oH GEeHOTUNOB — OT TAXKENbIX GOPM C paHHel MaHudecTaumen 40 OTHOCUTENbHO A0OPOKAYECTBEHHBIX CIYYaeB C
06paTMOi HeOHaTaNbHOM MaHWdeCcTaLMel, peLMaMBUPYOLWMM f06POKaYECTBEHHBIM TEYEHWEM UM Pa3BUTUEM XOIECTa3a Ha poHe BepemMeHHOCTH
WM NPUEMA HEKOTOPbIX NMPenapaTos.

KntoueBble cnoBa: npozpeccupyroujuli cemeliHblli 8Hympune4éHoYHbIl Xonecmas, HoBOPOHOEHHbIE, Oemu, X0Necmamuy4eckas Heamyxd, npamas
2unepbunupybuHemus.
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Objective: To analyze the literature on the epidemiology and pathogenesis of different types of progressive familial intrahepatic cholestasis (PFIC).
Material and methods: A literature search was conducted on the PubMed platform using the following keywords: progressive familial intrahepatic
cholestasis, Byler's disease and syndrome, and neonates. A total of 76 scientific papers published in the past 10 years were selected and analyzed.
Results: PFIC currently encompasses 12 types, all characterized by defective synthesis of proteins that facilitate bile acid transport. Although there are
some differences among the types, they generally present with similar clinical symptoms. The diagnosis of most PFIC types can begin by identifying a
normal level of y-glutamyl peptidase in a child who is experiencing direct hyperbilirubinemia.

Conclusion: In the past decade, genetic studies have greatly enhanced our understanding of cholestatic diseases. These studies have uncovered a
variety of phenotypes, ranging from severe forms that manifest early to more benign cases that show a temporary neonatal presentation. Additionally,
some cases may feature recurrent mild symptoms or develop cholestasis due to pregnancy or certain medications.
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Mporpeccupytownii- ceMenHbIM BHYTPUNEYEHOUHDBINA XOnecTas
(MCBX) —progressive familial intrahepatic cholestasis (PFIC) — onucaH
Brepsble B 1965 rogy KneiitoHom (Clayton RJ) y amuLueid, anstowwmxcs
MHOTOUYMCIEHHBIMM MOTOMKaMM [xkeiikoba balinepa [1]. K HacTosLLe-
My BpemeHu MNCBX npeacTaBnseT cobovi reHeTUYeCcKn PasHOPOAHYHO
PaCLUMPAIOLLYIOCA TPYNNY XONecTaTUYecKMX ayTOCOMHO-PeLeccus-
HbIX TeNaTonaThii, XapaKTepU3YIOLLMXCA HapyLLeHWeM MemMbpaHHOro
TPaHCMoPTa XKENYHbIX KUCAOT [2].

Progressive familial intrahepatic cholestasis (PFIC) was first
identified in 1965 by Clayton RJ among the Amish communi-
ty, who are numerous descendants of Jacob Byler [1]. PFIC rep-
resents a genetically diverse and expanding group of cholestatic
autosomal recessive hepatopathies characterized by impaired
membrane transport of bile acids [2].

Currently, 12 types of PFIC have been documented, with
an overall incidence of 1 case per 50,000-100,000 individuals.
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K HacToslemMy BpemeHn onucaHo 12 tunos MCBX c obueit ya-
cToTol 1 cnyyalt Ha 50000-100000. Mpwu Bcex TMnax 3abonesaHus B
10-20 pa3 MOBbILAETCA CbIBOPOTOYHbIV YPOBEHb XKENYHbIX KWUCOT,
4TO ABNAETCA MPUUYMHOWM WMHTEHCMBHOTO 3yAa. KapauHanbHbIM Aua-
FHOCTUYECKMM NpU3HaKom bonblunHcTBa TMNOB MCBX saBnseTca oTcyT-
CTBWE MOBbILIEHUA Y-FYTaMUHTPaHcnenT1aasel (y-ITr) npu Bbicokom
ypoBHe LWEnouHol docdaTasbl. TakkKe K XapaKTepHbIM NpU3HaKam
OTHOCATCA renaToMeranus, cTeaTtopen, remopparnyecknin CMHAPOM,
nopTasbHas rMNepTeHsua U nevyéHouHaa HepocTaTodHocTb. Cpeau
Hanboee YacTbIx BHEMEYEHOUHbIX NPOABIEHWI BbIAENAETCA SHTEPO-
natus [2].

MCBX 1 Tvna uam 6onesHb baiinepa (OMIM 211600) Bbi3biBa-
eTca MyTauuamu B reHe ATP8B1(18q21), KoampyroLLemM membpaHHbI
6enok FIC1, asnatowmiica ATd-a301 P-Tuna, KOTopas aKcnpeccupyet-
€A BO MHOTUX TKaHAX OPraHM3ma, B YaCTHOCTM B XONIAHTMOLMTAX U anu-
KasbHOM MembpaHe renatouuToB. K HacToALLEMY BPEMEHW OMUCAHO
He meHee 119 naTtoreHHbIX MyTauuii B reHe ATP8B1, Hanbonee pac-
MPOCTPaHEHHBIMU U3 HKX ABastoTca €.136C>T (p.Argd6*), c.208G>A
(p.Asp70Asn) u c.698+1G>T.

B neyenn ATP8B1/FIC1 nepemeluaet onpeaenéHHble pocdonu-
nuapl (pochatmanncepuH n dochaTnansTaHONAMMH) U3 BHELLHETO
MOHOCN0A MeMBpaHbl BO BHYTPEHHMII. MexaHU3Mbl, NpyBoAALLME K
HaKOMIEHMIO KENUHBIX KNCAOT BHYTPU renaToLmMTOB NPy HapyLleHun
JMNUAHON acMMMETPUM BUCNoA MembBpaHbl, 0 KOHLA He U3y4eHbl.
Huskan akcnpeccua FIC1 nogaBnser akcnpeccuio dapHEe3oMaHbIX
X-peLenTopos, KOTOpPbIe, B CBOKO oYepesb, MHAYLMPYIOT IKCPEeccUio
BSEP, oTKaumBatoLme conmn XENYHbIX KMCAOT U3 renatoumToB B Npo-
cBeT KaHasnbLes [3].

Ona HopmanbHoW paboTbl FIC1 Heobxoauma Ko-3Kcnpeccus
6enka CDC50A, a myTaummn B CDC50A TakKe MOryT NpUBOAUTL K GeHo-
Tny PFIC-1 [4]. Tetepogumep FIC1-CDC50A y4yacTByeT B IOKaM3aLMM
Ha anuKanbHOW MembpaHe 3HTEPOLMTOB HaTPUIA-3aBUCMMOTO me-
PEHOCUMKaA KENYHbIX KucaoT ASBT (SLC10A2), ocyluecTBASAOWEro Ux
aKTUBHYI0 abcopbLMIO B KMLLEYHUKE, YTO, BEPOATHO, ABNAETCA NPUYM-
Hoit amapew npm MNCBX-1 [5].

KnmHuyeckn MCBX-1 npepncTanseT coboit xonectatmyeckoe
3aboneBaHue ¢ HU3KMM ypoBHem y-ITl1, renato-crnaeHomeranve,
NOPTaNbHON TUNEpTEH3UEN, WHTEHCMBHBIM 3YAOM, MOBbILEHHbIM
YPOBHEM TPAHCAMMHA3 U KENYHbIX KUCNOT B KPOBU. Bce cumnTombl
MOTYT Pa3BUTbCA YKe B NEPBble MecALbl KMU3HU [4]. OTAIMYUTENbHBIM
npusHakom MNCBX-1 aBnaeTca Hannyme BHENEYEHOUYHbIX CUMNTOMOB,
TaKMX KaK BOAAHWCTaA Auapes, NaHKPeaTuT, HepoceHCopHas Tyroy-
XOCTb, PUOPO3 NErKMX 1 rMNOTUPEO3 [3, 4, 6, 7]. IHTeponaThs, Hapaay
C HapyLUeHWeM BCaCbIBaHWA XMPOPACTBOPUMbIX BUTAMWUHOB ABAAETCA
NPUUYMHOM HYTPUTUBHOTO AedULMTA U 334ePHKKM GU3NYECKOTO pa3Bu-
TvA. MCTONOrMYECKM BbIABNAIOTCA KaHA/IbLIEBbIA XONeCcTas, rmraHTo-
KNETOYHasA TpaHchOpMaLMsa, NOPTaNbHbIN U AONBKOBbIN GUOPO3, Npu
OTCYTCTBMM NPOTOKOBOW NponndepaLmu.

MCBX 2 Tuna unu cuHgpom baiinepa (OMIM 601847) nepsoHa-
Ya/sIbHO OMMCaH B M30NIMPOBAHHbIX MonyaAuuax Ha CpegHem BocToke,
B lpeHnaHgun un LLseumun. Bmecte ¢ Tem, N0 AaHHbIM MeAUKO-TeHe-
TUYECKMX WUCCNeSOBAHWI MMEHHO Ha 2 TWM MPUXOAMTCA OKONMO MNo-
NIOBUHbI BCeX NOATBEPXAEHHbIX cnyydaes MCBX. MaTtonorua ceAsaHa
¢ MyTaupeit B reHe ABCB11 (2¢24), oTBETCTBEHHOM 3a CUHTE3 ben-
Ka-TpaHcnopTépa BSEP, nokan1M30BaHHOroO TONbLKO B NeYeHu, MO3ToMy
npu MCBX OTCYTCTBYIOT Kakue-nnMbo BHEMEYEHOUHbIe MPOABAEHMA.
BSEP cBs3blBaeT afeHO3MHTpUbOChaT, y4acTBYHOLLMIA B aKTUBHOM
TpaHCNopTe XENYHbIX CONei U3 renaToLMTOB B KaHanbLibl. OTcyTCTBUE
WK HapyweHue paboTbl TpaHcnopTépa BSEP npuBoaMT K NOBbiLe-
HUIO BHYTPUKNETOYHOM KOHLEHTpauum conei xénun [8]. Ana MBCX-
2 XapaKTepHa HeoHaTa/bHas MaHUdecTaLms, HEBbICOKUI YpOBEHb
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All types of this disease exhibit a 10-20-fold increase in serum
bile acid levels, leading to intense itching. The main diagnostic
characteristic of most PFIC types is the absence of an increase
in y-glutamyl transpeptidase (y-GTP) alongside elevated alkaline
phosphatase levels. Other notable signs include hepatomegaly,
steatorrhea, hemorrhagic syndrome, portal hypertension, and liv-
er failure. Enteropathy is one of the most common extrahepatic
manifestations [2].

Byler disease, also known as PFIC type 1 (PFIC-1: OMIM #
211600), is caused by mutations in the ATP8B1 gene located on
chromosome 18q21. This gene encodes the membrane protein
FIC1, a P-type ATPase expressed in various tissues, particularly in
cholangiocytes and the apical membrane of hepatocytes. To date,
at least 119 pathogenic mutations in the ATP8B1 gene have been
identified, with the most common being c.136C>T (p.Argd6*),
€.208G>A (p.Asp70Asn), and c.698+1G>T.

In the liver, FIC1 (ATP8B1) is responsible for translocating
specific phospholipids, such as phosphatidylserine and phospha-
tidylethanolamine, from the outer to the inner monolayer of the
membrane. The mechanisms that lead to the accumulation of bile
acids in hepatocytes when the lipid asymmetry of the membrane
bilayer is disrupted are not fully understood. Reduced expression
of FIC1 limits the expression of farnesoid X receptors, which are
crucial for inducing the expression of BSEP. BSEP, in turn, is re-
sponsible for pumping bile salts out of hepatocytes and into the
lumen of the bile tubules [3].

For normal FIC1 function, co-expression of the CDC50A pro-
tein is necessary, and mutations in CDC50A can also result in the
PFIC-1 phenotype [4]. The FIC1-CDC50A heterodimer plays a role
in localizing the sodium-dependent bile acid transporter ASBT
(SLC10A2) to the apical membrane of enterocytes, facilitating
their active absorption in the intestine, which likely contributes to
diarrhea in PFIC-1 [5].

Clinically, PFIC-1 is a cholestatic disease characterized by low
y-GTP levels, hepatosplenomegaly, portal hypertension, severe
pruritus, and elevated blood transaminase and bile acid levels. All
symptoms can arise in the first months of life [4]. The hallmark of
PFIC-1 includes extrahepatic symptoms such as watery diarrhea,
pancreatitis, sensorineural hearing loss, pulmonary fibrosis, and
hypothyroidism [3, 4, 6, 7]. Enteropathy and impaired absorption
of fat-soluble vitamins lead to nutritional deficiency and delayed
physical development. Histologically, tubular cholestasis, giant
cell transformation, and portal and lobular fibrosis are observed
without ductal proliferation.

PFIC type 2, also known as Byler syndrome (PFIC-2: OMIM
# 601847), was initially reported in isolated populations in the
Middle East, Greenland, and Sweden. However, medical genetic
studies indicate that type 2 accounts for approximately half of
all confirmed PFIC cases. The condition is linked to a mutation in
the ABCB11 gene (2g24), which synthesizes the BSEP transporter
protein localized solely in the liver, meaning there are no extrahe-
patic manifestations in PFIC. BSEP binds adenosine triphosphate,
playing a role in the active transport of bile salts from hepato-
cytes to the tubules. The absence or dysfunction of the BSEP
transporter results in an increased intracellular concentration of
bile salts [8]. PFIC type 2 is characterized by neonatal onset, low
y-GTP levels, elevated transaminase and alpha-fetoprotein levels,
hepatomegaly, intense pruritus, failure to thrive, and rapid (fast-
er than type 1) progression to fibrosis, along with a high-risk of
developing hepatocellular carcinoma within the first year of life
[9]. Over 200 ABCB11 mutations associated with PFIC type 2 have
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y-I'TM, BbICOKMIA ypOBEHb TPaHCaMMHa3 U anbda-peTonpoTenHa, rena-
TOMEranus, MHTEHCUBHbIN 3y, OTCTaBaHWe B GU3NYECKOM Pa3BUTUK,
6bicTpoe (bbicTpee, Yem npu 1 TMNe) HenpepbIBHOE NPOrPeccHpoBa-
HWe [0 cTagun ¢vbpo3a, a TaKkKe BbICOKUI PUCK Pa3BUTWA renato-
LeNIIONAPHOM KapLMHOMBI Y3Ke Ha NepBOM roZy u3Hu [9]. OnucaHo
6onee 200 mytaumii ABCB11, cBasaHHbIx ¢ MCBX-2 [4]. Y 58% eBpo-
NencKMX NauueHToB 0bHapyKmnBatoTca myTaumm p.E297G u p.D482G,
APYrMMM PacnpocTpaHEHHbIMKU MyTaumamu asaatotca G238V, G982R,
R1153C, R1286Q u AGly.

[lo6poKauecTBeHHbIM PeLMANBUPYIOLMIA BHYTPUNEYEHOUHDIN
xonectas (OPBX) (Benign Recurrent Intrahepatic Cholestasis, BRIC)
M3BECTHbIA Kak cuHApom AareHeca-CamMepcKuana WM HOpPBEX-
CKUIA X0NecTas, a TakKe UHdaHTUNbHAA XonecTaTuyeckan 6onesHb ¢
nocneayowmmMm AMmMAGoCcTasom, B HacToALlee BPemMA PaccMaTpuBa-
eTca Kak markas ¢opma MCBX-1 n MCBX-2. BapuaHT APBX-1 cBasaH
C reTepo3nroTHbIMU MyTaumammn B reHe ATP8B1, Takumm Kak p.T888K
€.1429+2T7>G, c.1817T>C v p.I606T [9, 10].

3abonesaHne NoiMMopdHO No BpemeHn MaHudecTaLum u xa-
paKTepu3yeTca NepuoAUYecKMMU SMU304aMMI KEeTYXM U 3yAa Npu OT-
CYTCTBMM NPOrpeccMpoBaHna 3abonesaHuns neyeHn. O6oCTpeHnsa Mo-
ryT CONPOBOXKAATLCA abA0OMMHANBHOM 60NbIO M acTeHneit. Hepeako B
paHHeM HeOHaTa/NbHOM Nepuose OTMEYAETCA BblparKeHHbIN XonecTa-
TUYECKMIN KOMMOHEHT runepbuampybuHemmn, onucaHbl ciydam oa-
Ta/lbHbIX KPOBOM3INAHMI. B nocneayoLLem sann3oapl KenTyxv 1 3yaa
BO3HMKaOT 0ObIYHO B KOHLLE BTOPOrO, Hayase TPETbero AecaTuneTus
YKU3HW, ONATCA B CPeAHEM 0KON0 3 MecALLEeB. Y HEKOTOPbIX NaLMeHTOoB
BO3MOHO YMepeHHOe NOBbILLEHME YPOBHSA TPAHCAMMUHA3 U IMNUAOB,
peaKo MOXeT OTMeYaTbCcA NOTPEBHOCTb B KOPPEKLMM Koarynonatum,
TaKKe PEeAKO Pa3BMBAETCA MO3KEUYKOBO-CMMHaNbHAA Helponatus
C NOTEpEeN CyXOXUbHBIX pednekcos. B oTaenbHbIX HabnoaeHuax
onucaHbl AMMPaTUYECKME OTEKU. B MeXnpucTynHom nepuoge, Kak
npasunao, CUMNTOMbI OTCYTCTBYIOT. Y XKeHWWH MaHudectauma [APBX
MOXKET bbITb CBA3aHa C HePemMeHHOCTbIO UAKM NPUEMOM OpPasbHbIX
KOHTPaLenT1BOB. XapaKTep U3MeHeHUn BUOXMMUYECKMX TECTOB KPO-
BM TaKKe cootetcTByeT MCBX-1. UMetoTca peakne coobLueHus o cy-
yaax [JPBX-1 ¢ TpaHchopmaumeli B bonee arpeccMBHOE MopaskeHue
neyeHu B nocneaytowem. Takke Kak MCBX-1, y naumeHToB ¢ 406poKa-
YeCTBEHHbIM BapMaHTOM 3ab0n1eBaHUA MOTYT Hab/IIOAATbCA BHeNeyYé-
HOYHble CUMNTOMbI B BUZE AMapew, NaHKpeaTuTa, Manbabcopbumm n
MOYeKaMeHHOIN 601e3HU.

BepoATHO, CyLLEeCTBYIOT BapuMaHTbl, 3aHMMalOLLME MONOXKEHUE
mexay knaccuyeckum MCBX n PBX, ogHako dakTopbl, onpeaenstio-
wye GeHOTUNUYECKYIO pPeann3aLmio, He M3ydeHbl. [eTepo3nroTHble
CNy4an, MOTyT NPOABAATLCA B ONPeAENEHHbIX CUTyaLMAX, Hanpumep,
B BUAE recTalMOHHOro X0/1ecTasa, accoLMmMpoBaTbes ¢ NpUémom ne-
KapCTBEHHbBIX CPECTB, B YAaCTHOCTU OpabHbIX KOHTpaLenTeos [11,
12].

NCBX 3 Tuna (OMIM 602347) cBAzaH ¢ myTauueli B reHe ABCB4
(7921), KogmpytoLem cuHTe3 6eKa MHOXKECTBEHHOM 1eKapCTBEHHOM
ycToiumsoctn (MDR3), obecneumnBatoLiero TpaHcnopt dochatmamn-
XO/IMHA U3 renaToLumTa Yepes KaHanbLEeBYO MemMbpaHy renaToLuToB B
KaHanbLpl. HapyweHue cekpeuymn Gocdhonmnuaos B KEnub orpaHnum-
BaeT CMHTE3 MULLE/IN U NPOBOLMPYET TOKCUYECKOE AEWCTBUE KENUHDBIX
KMCNOT Ha NPOTOKOBbIV 3NUTENNIA. B pe3ynbTaTe NpomncxoamT HeKpo3
W TUraHTOKNETOYHaA TpaHCPOpPMaLMA renaToLmMToB, pacLuMpeHne Ka-
HafbLEeB, NepUNOPTasbHOE BOCMAAEHWE W NopTabHbI Gubpos [13].
Opyrum nospexaatoLiym GpakTopom ABAAETCA KPUCTANUZALLUA XoNe-
CTEpPVHa, NPOMUCXOAALLAA KaK B MEIKUX NPOTOKAX, TaK U B KENYHOM
nysbipe [14].

KapguHanbHbim otanunem MCBX-3 oT nepBbix ABYX TMMNOB AB-
NAETCA BbICOKMI CbIBOPOTOUHbIN ypoBeHb y-ITI 1 HOpManbHas Cbi-

been identified [4]. The mutations p.E297G and p.D482G are
found in 58% of European patients; other common mutations in-
clude G238V, G982R, R1153C, R1286Q, and AGly.

Benign recurrent intrahepatic cholestasis (BRIC or Summer-
skill-Walshe-Tygstrup-syndrome) or Norwegian cholestasis, as
well as infantile cholestatic disease accompanied by subsequent
lymphedema, is currently considered a mild form of PFIC-1 and
PFIC-2. The BRIC-1 variant is linked to heterozygous mutations in
the ATP8B1 gene, such as p.T888K, ¢.1429+2T>G, ¢.1817T>C, and
p.1606T [9, 10].

The disease is polymorphic in terms of its manifestation
timing and is characterized by periodic episodes of jaundice and
itching without the progression of liver disease. Exacerbations
may be accompanied by abdominal pain and asthenia. Often, in
the early neonatal period, a pronounced cholestatic component
of hyperbilirubinemia is observed, and cases of fatal hemorrhag-
es have been reported. Subsequently, episodes of jaundice and
itching typically arise at the end of the second decade or the be-
ginning of the third decade of life, lasting on average about three
months. Some patients may experience a moderate increase in
transaminase and lipid levels; rarely, coagulopathy correction
may be needed, and cerebellar-spinal neuropathy with loss of
tendon reflexes may develop infrequently. Lymphatic edema has
been described in some observations. During the interictal peri-
od, there are generally no symptoms. In women, the manifesta-
tion of BRIC may be linked to pregnancy or the use of oral con-
traceptives. The pattern of changes in blood biochemistry aligns
with PFIC-1. There are rare reports of PFIC-1 cases subsequently
transforming into more aggressive liver disease. Similar to PFIC-1,
patients with the benign variant of the disease may experience
extrahepatic symptoms such as diarrhea, pancreatitis, malab-
sorption, and urolithiasis.

There may be variants between classical PFIC and BRIC,
but the factors determining the phenotypic expression have not
been studied. Heterozygous cases may appear under certain cir-
cumstances, for instance, as gestational cholestasis, and could be
associated with medication use, particularly oral contraceptives
[11, 12].

PFIC type 3 (PFIC-3: OMIM # 602347) is associated with a
mutation in the ABCB4 gene (7¢21), which encodes the synthe-
sis of the multidrug resistance protein (MDR3). This protein fa-
cilitates the transport of phosphatidylcholine from hepatocytes
through the canalicular membrane into the canaliculi. Impaired
secretion of phospholipids into bile limits micelle synthesis and
provokes the toxic effects of bile acids on the ductal epithelium.
Consequently, this leads to necrosis and giant cell transformation
of hepatocytes, dilation of the canaliculi, periportal inflammation,
and portal fibrosis [13]. Another damaging factor is cholesterol
crystallization, which can occur in small ducts and the gallbladder
[14].

The main distinction between PFIC-3 and the first two types
is the elevated serum level of y-GTP coupled with normal serum
and biliary concentrations of bile acids. Transaminase levels are
usually elevated. Despite its later onset (occurring in only a third
of cases in infancy, more frequently during old age or adoles-
cence) and the lesser severity of the leading clinical syndromes,
the disease can progress rapidly to cirrhosis and liver failure.

Alongside cholestatic jaundice, the clinical presentation of
PFIC-3 includes hepatosplenomegaly, portal hypertension with
variceal bleeding, osteoporosis, and delayed physical develop-
ment. Mental retardation may also be observed. Instances of the
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BOPOTOYHasA M BUAMapHaA KOHLEHTPALMA XKENUHBIX KUCNOT. YPOBEHb
TpaHCaMM1Ha3, Kak NPaBuIo, NOBbILWeH. HecMoTps Ha 6onee No3aHIO
MaHudecTaLmio (TONbKO B TPETU CyYaes B rPyAHOM BO3pacTe, yalle
B CTapliem, AaXe MOAPOCTKOBOM) MU MEHBbLUYIO BblpaXKEHHOCTb OC-
HOBHbIX K/IMHUYECKMX CUHAPOMOB, NPOrpeccpoBaHune 3abonesaHus
C pa3BuUTMEM LMPPO3a MU NEeYEHOYHON HEAO0CTaTOYHOCTU NMPOUCXOAUT
TaKe bbICTpO.

B KnuHM4eckoi KaptuHe MCBX-3, NOMMMO XOnecTaTU4ecKow
YKENTYX1, NPUCYTCTBYET renaTocnieHoMeranuns, nopTanbHas runep-
TEH3MA C BApPMKO3HbIMU KPOBOTEUEHWAMM, OCTEOMNOPO3, 3aAEPHKKa
b13MYecKoro pasBuTHA, @ TaKKe MOXKET HabnoaaTbcA YMCTBEHHasA
oTCTanocTb. OnucaHbl CyYan UarHoCTUKM 3abonesaHnA Npu passu-
TUW KPOBOTEYEHMA M3 BeH nuLeBoaa [15], a Takxke cayyaun passutus
renaToLenNtoNAPHON KapLIMHOMbI U XONAHTMOKapLMHOMbI [4].

OnucaHo 60/blIOE KONMYECTBO MATONOTMUYECKMX BapUAHTOB
reHa ABCB4, KoTopble NpMBOAAT K Pa3/IMYHOMY YPOBHIO HapyLUeHWA
¢dyHKUMKM MDR3, yTo onpenenseT BOSMOXKHOCTb CyLLEeCTBOBAHWUSA Ma-
NomaHndecTHbix Gopm, NPOABNAIOLMXCA TONBKO B OMNpesenéHHbIX
YCNIOBUAX WUAN ONpesensitolme CKAOHHOCTb K Pa3BUTMIO XonecTasa
[16]. MyTaums B reHe ABCB4 cBa3aHa He To/bKO ¢ MCBX-3, OHa TaKke
ONWCbIBaNACh Y NALMEHTOB C KENYHO-KAMEHHOMN 6ONE3HBIO C HU3KUM
coaepaHuem docponmnuaos (GBD1/LPAC), npu xonectase, casaH-
HOM C MapeHTepanbHbIM MUTAHWUEM, NPU TPAH3UTOPHOM XOsiecTase
HOBOPOXAEHHDIX U XoecTase HepeMeHHbIX. B 6onblUMHCTBE Cyya-
eB MCBX 3 MGBD1/LPAC cBs3aHbl C pasnnYHbIMU MyTaLMAMM B reHe
ABCB4, nepBbii1 Yalle CBA3aH C FOMO3UIOTHbIMM, @ BTOPOM — C reTe-
PO3UTOTHbIMM BapuaHTaMu. KoMBUHMPOBaHHbBIN deHOTUN ABnseTcA
60/bLUION PeAKOCTbIO.

TpaHcnnaHTauma neyeHn y nauuneHTos c MNCBX-3 conpsaxkeHa ¢
pagom npobnem, Tem He MeHee, ABNAEGTCA €AUHCTBEHHBIM METOLOM
NeyeHus. YacTb NaLMeHTOB (OT OAHOM TPeTH 40 TPEX YeTBepTen) nme-
€T Y/Iy4LLEHWE MPU UCNIOb30BAHUMN YPCOLEOKCUXONEBOW KUCIOTbI [4].

Takum 06pa3om, TAKECTb, NPOrHO3 U CNEKTP KAMHUYECKUX NPO-
ABNEHUI y HocuTeNen myTaumin reHos ATP8B1, ABCB11, ABCB4 oueHb
LIMPOK M BKNKOYAET KaK CPAaBHUTENbHO MATKME BapUaHTbI TeYEHMA 3a-
60n1eBaHNA C HAa4YaNOM BO B3POC/ION *KM3HM (L0OPOKAYECTBEHHBIN Me-
PUOAMYECKMIA XONeCTas, NeKapCTBEHHO-UHAYLIMPOBAHHbIN X0N1ecTas U
xonectas b6epemeHHbIX), Tak U TAKENble GOpMbl XoNecTasa, NpUBoAs-
LMe K Pa3BUTUIO LMPPO3a NeYeHN B paHHeM AeTcKkom Bospacte [17].

MpuunHoii MCBX-4 (OMIM 615878) sBnsetca HapyleHue
CMHTe3a benka «MAOTHbIX KOHTakToB» (ZO — Zonula occludens), oby-
cnosneHHoe myTtaumeii B reHe TIP2 (9g21.11). ZO akcnpeccupyetcs
B OONbLUMHCTBE INUTENNA/IbHBIX KNETOK U ABNAETCA KOMMOHEHTOM
MEXKKIETOUYHbIX COEAWHEHUN, CTabUAU3UPYA COEAMHEHUA MEXAay
aKTUHOM LIMTOCKeNeTa M LUMTONAa3mMaTuyeckumm C-KoHueBbiMU ben-
KaMK, TaKMMM Kak KnayauHbl (CLDN1, CLDN2). B neyeHu nioTHble
COeIMHEHMA CNOCOOCTBYHOT NPEAOTBPALLEHUIO YTEYKU KOMMOHEHTOB
XEnun B napeHxumy [3, 4, 18].

Y naumeHToB ¢ MCBX-4 pa3BMBaeTCs TAKENbIN XONECTaTUYECKMIA
cMHApoMm 6e3 nosblweHus Y-l ¢ BbICOKUM puUcKoM GopMUpOBaHUsA
LMppo3a. B HEKOTOPbIX Cyyasnx BbIABAAAACH MMNEPKAIMEMUA, TYXO-
Ta, HEBPO/IOTUYECKNE U PECNIMPATOPHbIE HAPYLLUEHWA, YTO CBA3AHO C
YHMUBEpCanbHOI aKcnpeccueit TIP2 BO Bcex aNUTENMANbHBIX KNeTKax
opraHmsma [19]. OnucaHbl cnyyam Kak ¢ TAXKENoi maHudecTtaumen
3aboneBaHuWA B 4ETCKOM BO3pacTe, Tak 1 ¢ bonee no3aHum Gopmmupo-
BaHMEM LIMPPO3a Y NOAPOCTKOB U B3pOC/bIX. OTMEYaeTca 3HaunTeNb-
Han BapuabenbHOCTb KNMHUYECKUX NPOABAEHUIA AaXKe Y FTOMO3MUIOT C
OZHOM ¥ TOW e myTaumeit. Tak, onvcaHa cembs ¢ 12 netbmu, rae 06a
poauTens bblan reteposurotamu ¢ mytaumen TJP2 ([NM_004817.3]:
€.[3334C>T]; [3334C>T]), @ y rOMO3MIOTHbIX A€TEN TAXKECTb Bapbu-
poBana ot $opMMPOBaHUA LMPPO3a B Bo3pacTe oT 16 o 36 net Ao
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disease being diagnosed due to bleeding from the esophageal
veins have been documented [15], along with cases of hepatocel-
lular carcinoma and cholangiocarcinoma [4].

Numerous pathological variants of the ABCB4 gene have
been identified, leading to various levels of MDR3 dysfunction.
This suggests the existence of low-manifest forms that may pres-
ent only under specific conditions or indicate a tendency to de-
velop cholestasis [16]. The mutation in the ABCB4 gene is not
only associated with PFIC-3; it has also been reported in patients
with low-phospholipid cholelithiasis (GBD1/LPAC), cholestasis
linked to parenteral nutrition, transient cholestasis of the new-
born, and cholestasis during pregnancy. In most instances, PFIC-
3 and GBD1/LPAC result from different mutations in the ABCB4
gene, with the former more commonly associated with homozy-
gous variants and the latter with heterozygous ones. A combined
phenotype is exceedingly rare.

Liver transplantation in patients with PFIC-3 presents vari-
ous challenges; however, it remains the only treatment option.
Some patients (one-third to three-quarters) show improvement
with ursodeoxycholic acid therapy [4].

Therefore, the severity, prognosis, and range of clinical
manifestations in individuals carrying mutations in the ATP8B1,
ABCB11, and ABCB4 genes are broad. This includes relatively mild
variations of the disease that onset in adulthood (such as benign
periodic cholestasis, drug-induced cholestasis, and cholestasis of
pregnancy) and severe forms of cholestasis that can lead to liver
cirrhosis in early childhood [17].

PFIC type 4 (PFIC-4: OMIM # 615878) is caused by a disor-
der in the synthesis of the tight junction protein 2, also called
zona occludens 2, resulting from a mutation in the TIP2 gene on
chromosome 9qg21. ZO is expressed in most epithelial cells and
is a component of intercellular junctions, stabilizing connections
between cytoskeletal actin and cytoplasmic C-terminal proteins
such as claudins (CLDN1, CLDN2). In the liver, tight junctions pre-
vent bile components from leaking into the parenchyma [3, 4,
18].

Patients with PFIC-4 experience severe cholestatic syn-
drome without an increase in y-GTP and have a high risk of devel-
oping cirrhosis. In some cases, hyperkalemia, deafness, neurolog-
ical issues, and respiratory disorders have been observed, likely
due to the universal expression of TIP2 in all body epithelial cells
[19]. There are documented cases of both severe disease man-
ifestations in childhood and the later development of cirrhosis
in adolescents and adults. Significant variability in clinical man-
ifestations has been noted, even among homozygotes with the
same mutation. For instance, a family with 12 children had both
parents as heterozygotes for the TJIP2 mutation ([NM_004817.3]:
¢.[3334C>T]; [3334C>T]). In homozygous children, disease sever-
ity varied, with some developing cirrhosis by ages 16 to 36 years
while others experienced transient cholestasis during pregnan-
cy [20]. Chinese researchers reported a 2-year-old patient with
a complex heterozygous mutation ¢.2448+1G>C/c.2639delC
(p.T880Sfs*12) in TJP2, who exhibited progressive cholestatic
jaundice, hepatosplenomegaly, facial dysmorphism, and delayed
physical development [21].

Mirza N et al (2020) reported a 15-year-old adolescent with
chronic cholestatic jaundice, delayed physical growth, and a posi-
tive test for antibodies against smooth muscle cells. Subsequent-
ly, a heterozygous missense variation in exon 17 of the TIP2 gene
(chr9:g.71854869T>C) was revealed [22]. Halabi H et al (2023) de-
scribed a case of PFIC type 4 in a one-and-a-half-month-old child
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TPaH3UTOPHOTO X0NecTasa Bo Bpemsa bepemeHHOCTU [20]. Kutalicku-
MM aBTOpPaMM ONMCaHa NaLMeHTKa 2 IeT CO CI0XKHOM reTepo3nroTHOM
myTaumen ¢.2448+1G>C/c.2639delC (p.T880Sfs*12) 8 TIP2, y KoTopoi
Hab/toAaNack NPOrPeccHpyoLLAs XONeCTaTUYeCKan KenTyxa, renato-
CMAIEHOMEranus, NMLEBOV ANCMOPOU3M U 3adepiKa (U3NYECKoro
passutua [21].

MHAMACKMe aBTopbl ONMcanun NoapocTka 15 NeT ¢ XpOHUYECKUM
TEYEHMEeM XONEeCTaTUYECKOM KeNTyXu, 3aflepKKoin Gusnyeckoro pas-
BUTUA U NONOXKMTEIbHBIM TECTOM Ha aHTUTENA NPOTUB IN1aKOMbILLEY-
HbIX KNETOK, C BbIABNEHHOW reTepo3nroTHOM MWCCEHC-BapuaLymen B
3k30He 17 reHa TJP2 (chr9:g.71854869T>C) [22]. AsTopbl 13 Cayaos.-
CKo ApaBuu onucanu ciyyai NCBX-4 y nonytopamecayHoro pebéHka
¢ MyTaumeit B ak3oHe 17 TJP2 (+) (C.2524C>T), KoTopomy notpebosa-
Nacb TPaHCMaHTaLuusA neyvenu [23]. K HacTosLeMy BpeMeHM UMetoTcs
MHOro4YncaeHHble onucaHua cnyydaes MNCBX 4 Kak B paHHeM AeTCKOM
BO3pacTe, Tak My B3POC/IbIX, @ TaKKe y bepemeHHbix [24-26].

MCBX 5 Tvna (OMIM 617049) cBsizaH ¢ myTaumamu B reHe NR1H4
(12923), kopupytolem agepHblid dapHesonaHbiin X-peuentop (FXR),
KOTOPbIV aKTUBMPYETCA KENUHBIMM KMCNOTaMK. FXR yyacTByeT B IKc-
npeccum Kak BSEP, Tak 1 MDR3, 6enKoB, 3auMHTepecoBaHHbIx B [TCBX-2
1 MNCBX-3. MEnuHble KUCNOTbI BbINOMHAOT QYHKLMIO CUTHANbHBIX MO-
NeKyN, KOHTPOAMPYIOLLMX SKCNPECCHIO FTeHOB, YHaCTBYIOLLMX B MeTabo-
NIU3ME KENYHbIX KUCIOT, MMNWUA0B, OKO3bl MU aMUHOKUCAOT. AKTUBA-
uma FXR no mexaHn3my 0bpaTHOM CBA3M NOAABNAET CUHTE3 KENYHDBIX
KUC/OT M MX SHTEpOrenaTYeckyto Lmpkyaaumio [27-30]. FXR nosbiwwa-
eT aKkcnpeccuto pakTopa pocta pubpobnactos (FGF19), uto npusoamT
K nogasneHuio umtoxpoma P450 7A1 (CYP7A1) M CHUNKAET CuHTe3
XENYHbIX Kucaor [31].

MCBX 5 Tmna 0bbl4HO XapaKTepusyeTca MaHudecTaumen xone-
CTaTUYeCcKoro 3ab601eBaHNA B HEOHATa/IbHOM NEPUOLE C HOPMASTbHBIM
yposHem y-ITN 1 BbICTPbIM NPOrpeccupoBaHUeEM A0 TEPMUHANbHOM
cTaguu 3a60/1eBaHWA, NOBbILLEHHBIM YPOBHEM anboa-peTonpoTenHa
W Heonpeaensemomn 3Kcnpeccuei NeYEHOUHOro KENYHOro Hacoca
[NA 3KCNopTa KENYHbIX coneld (ABCB11). YHMKaNbHbIM NPosBAeHUEM
MCBX-5 asnaetca K-He3aBucMman Koarynonatua, CBA3aHHasA C OTCYT-
cTBuem FXR-3aBUCUMON MHAYKLMM reHOB GUOPUHOTreHa 1 HEKOTOPbIX
Apyrnx GakTopoB cBEPTbIBaHMSA [32-35]. TcTtonornyeckm NMCBX-5 npo-
ABNAETCA BHYTPWAONbKOBLIM XONECTa30M C MPOTOKOBOM peaKLimei,
$1bpo30M, NPOrPECCHPYIOLLMM B MUKPOY3I0BOM LIMPPO3, U TMraHTO-
KNeTouHol TpaHchopmauyei [4].

LLinpokas BoBneyéHHocTb FXR B perynvpoBaHne MHOrMx BMao08
0obmeHa M MoTeHLUManbHaA BO3MOMXKHOCTb €ro PerynupoBaHus npu-
B/IEKAIOT BHUMaHWe UccnefoBaTenieil HOBbIX MeXaHU3MOB /leveHus
OXXUpeHus, anabeta, HEANKOTrONbHOW KUPOBOW DONE3HW MEYeHU U
XONecTaTuyeckux 3abonesanuii [36, 37].

MCBX 6 Tna (OMIM 619484) onucaH y NaUMEHTOB C MyTaLUAMM
B reHax SLC51A(3¢29)/SLC51B(15q22), koampytolmx Komnaekc ben-
KOB MepeHoCcUMKa OpraHNYecKMX pacTBOpEHHbIX Belects — OST a/B,
UrPAIOLLLEro KNHOUYEBYHO POJ/b B TPAHCMOPTE KENYHbIX KMCNOT, MeTabo-
JINTOB CTEPOMZOB M PAZA IEKAPCTBEHHbIX CpeacTs. NMomumo basona-
TepasbHOM MembpaHbl B NMeYeHW, AaHHbIN KOMMIEKC NPeACTaB/ieH B
KULLIEYHMKe 1 noyKax [38, 39].

MyTauum n noammopduam SLC51A moryT urpatb posb B reHe-
3e pAga cnyyaes MMCBX, a TakkKe TPAH3UTOPHbIX MeAMKAMEHTO3HbIX U
reCTaLMOHHbIX XONECTaTUYECKUX HapyleHuin [40-42]. MpenctaBneH
KNMHWYEeCKU ciyyal 2,5-neTHero naumeHta u3 MakuctaHa ¢ myTa-
uvei B reHe SLC51A (NM_152672, ¢.556C>T, p.GIn186*), y koTtoporo
OTMeYasacb XpPOHWYECKas Auapes C Manbabcopbuyeli, 3azepkka
dU3NYECKOro pPasBUTMA, LMPPO3 NeYeHn ¢ Koarynonatuei [43]. UH-
TepHaLMOHaNbHbIM KONIEKTUBOM aBTOPOB NPesCTaBAeHo OnucaHve
2 naumeHToB ¢ baunskHero BocToka (6patba 11 v 3 net), y KoTopbix €

with a mutation in exon 17 of TIP2, specifically C.2524C>T, who
required a liver transplant [23]. To date, numerous reports have
documented PFIC-4 cases in both early childhood and adulthood,
including among pregnant women [24-26].

PFIC type 5 (PFIC-5 OMIM # 617049) is associated with mu-
tations in the NR1H4 (12¢23) gene, which encodes the nuclear
farnesoid X receptor (FXR), activated by bile acids. FXR plays a
crucial role in the expression of BSEP and MDR3, which are in-
volved in PFIC-2 and PFIC-3. Bile acids act as signaling molecules
that modulate the expression of genes involved in the metabo-
lism of bile acids, lipids, glucose, and amino acids. The activation
of FXR through a feedback mechanism inhibits the synthesis of
bile acids and their enterohepatic circulation [27-30]. FXR pro-
motes the expression of fibroblast growth factor (FGF19), which
suppresses cytochrome P450 7A1 (CYP7A1) and reduces bile acid
synthesis [31].

PFIC type 5 is typically marked by neonatal onset of choles-
tatic disease with normal y-GTP levels, rapid progression to termi-
nal disease, elevated alpha-fetoprotein levels, and undetectable
expression of the hepatic bile salt export pump (ABCB11). A dis-
tinctive characteristic of PFIC-5 is the K-independent coagulopa-
thy linked to the lack of FXR-dependent induction of fibrinogen
genes and several other coagulation factors [32-35]. Histological-
ly, PFIC type 5 shows intralobular cholestasis with ductal reaction,
fibrosis leading to micronodular cirrhosis, and giant cell transfor-
mation [4].

The extensive involvement of FXR in regulating various met-
abolic pathways and its potential for modulation has drawn re-
searchers' attention to new mechanisms for treating obesity, dia-
betes, non-alcoholic fatty liver disease, and cholestatic disorders
(36, 37].

PFIC type 6 (PFIC-6: OMIM # 619484) has been described
in patients with mutations in the SLC51A (3g29)/SLC51B (15¢22)
genes, which encode the organic solute carrier protein complex
OST a/B. This complex is crucial in transporting bile acids, steroid
metabolites, and various drugs. In addition to being present in
the basolateral membrane of the liver, this complex is also found
in the intestine and kidneys [38, 39].

Mutations and polymorphisms in SLC51A may contribute to
several cases of PFIC, as well as transient drug-induced and ges-
tational cholestatic disorders [40-42]. A clinical case involving a
2.5-year-old patient from Pakistan with a mutation in the SLC51A
gene (NM_152672, c.556C>T, p.GIn186%*) is presented. This pa-
tient exhibited chronic diarrhea with malabsorption, delayed
physical development, and liver cirrhosis with coagulopathy [43].
Sultan M et al (2018) reported on two brothers from the Middle
East, aged 11 and 3 years, who experienced chronic diarrhea
from a young age. They also had severe deficiencies in fat-soluble
vitamins and exhibited signs of cholestatic liver disease, including
elevated y-GTP activity. Whole exome sequencing revealed a ho-
mozygous single nucleotide deletion in codon 27 of SLC51B [44].

PFIC type 7 (PFIC-7: OMIM # 619658) is linked to a mutation
in the USP53 gene, which encodes the synthesis of ubiquitin-spe-
cific peptidase 53. The disease manifests as cholestatic jaundice
without an increase in y-GTP, an elevation of transaminase levels,
liver fibrosis, and, in some cases, hearing loss and impaired phys-
ical and neuropsychic development. It has been demonstrated
that USP53 regulates the function of TIP2 (involved in PFIC type
4) in the liver; therefore, mutations in the USP53 gene may influ-
ence some phenotypic features observed in cases of TIP2 defects
[45-47].
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paHHero Bo3pacTa OTMeYasacb XPOHUYECcKan Auapes, TAXKENbIN ae-
GULMT KMPOPACTBOPUMbIX BUTAMUHOB C MPU3HAKaMW XOnectaTu-
Yeckoro 3abosieBaHUA MeyveHu, BK/IHOYAA MOBbILEHHYH aKTUBHOCTb
y-TTM. CekBeHMpOBaHMe BCEro IK30Ma BbIABWUIO0 FOMO3UTOTHYHO OfHO-
HYKNEOTUAHYIO Aeneumto B KogoHe 27 SLC51B [44].

MCBX 7 Tvna (OMIM 619658) cBA3aH ¢ myTaumeli B reHe USP53,
KOAMPYIOLLEM CUHTE3 YBUKBUTUH-CNeunduyeckor nentmaasbl 53.
3aboneBaHve NPOABAAETCA XONECTATUYECKON KeNTyxol 6e3 nosblle-
HuA y-ITM, noBbILWEeHWeM YPOBHA TPaHCAMMHA3, PUOPO30M NeyeHu, y
4acT1 NALMEHTOB — TYTOYXOCTbIO, HapyLleHneM GU3NYECKOro U HepB-
HO-TICUXMYECKOro pa3BuTKA. MokasaHo, yto USP53 perynnpyet dyHK-
umto TIP2 (npuuactHoro K MCBX 4 TMna) B neYeHu, No3Tomy MyTaLmm B
reHe USP53 moryT urpaTb posib B HEKOTOPbIX GEHOTUMMUYECKMX NPU-
3HaKax, HabntogaeMbix B cnyyanx gedekra TIP2 [45-47].

CaynoBCKMe aBTOpbI NPEACTaBUAM AnUTeNbHOe HabntopeHue
3 POACTBEHHbIX MALMEHTOB C TAMKE/BIM X0NeCTaTUYeckMm 3abonesa-
HMEM, Y KOTOpPbIX Obina BbiABAeHa BuannenbHana myTaums c.951del:
p.(Phe317Leufs*6) B reHe USP53. MauueHTbl XapaKTepu3oBaAMChb
HU3KUM OU3NYECKUM U HEPBHO-MICUXMYECKUM pa3BUTMEM. Y Bcex
OTMEYaNcA TAXENbIN 3yA, XOPOLO KOPPEKTUPYEMbI MPUEMOM pU-
damnuumHa. Y 0AHON NaLMeHTKM C paHHEro Bo3pacta OTMevanachb
TAXENAA rMnoKanbumemua. Y 2 n3 Hux B Bospacte 9 u 14 net passu-
nacb Tyroyxoctb. Mpu nabopaTtopHOM UCCNEA0BAHUM OTMEYACA HOP-
MasibHbIV ypoBeHb Y-ITI 1 BbICOKMI — anbda-petonpoTenHa. OgHow
U3 NaLMeHTOK B BO3pacTe 6 neT notTpebosanock NPoBeaeHUe TpaHc-
nAaHTaummn nevenun. NMpu mopdonornyeckom nccaefoBaHUM neyeHn
onpeaensnach BblpaxKeHHas NPOTOKOBAA npoaudepauus, MMMPoLm-
TapHaA MHOWABTPALMA U TUIraHTOKNETOYHaA TpaHchopMaLmA renato-
uuToB [48].

Kutaiickue aBTOpbl onucanu 7 neauvaTpUYEcKUX NaLMEHTOB C
MyTaumammn reHa USP53, y KOTOpbIX Ha nepBom MONYrOAMU XKU3HU
0TMey4asnocb 06paTMMOe MOBbILEHWE YPOBHSA NPAMOro GunnpybrHa
npu HopMasibHoOM ypoBHe y-ITT. B nocneaytoliem bbina nposegeHa
6uoncua neyeHu, BbIABMBLUAA BHYTPUAONbKOBOM X0NecTas, rMraHTo-
KNETOYHbIE M3MEHEHMA renaToumuTos 1 Gubpos [49].

TypeLKmre aBTopbI NPELCTaBUAN KNMHUYECKUI ciyyall 16-neTHero
NOAPOCTKA C AO0OPOKAYECTBEHHBIM PELIMAMBUPYIOLLMM BHYTPUMEYE-
HOYHbIM XONIeCTa3oM, CBA3AHHbIM C TOMO3WUTOTHOW MyTauuen B 14 k-
30He reHa USP53 (NM_001371399.1:c.1558C>T), y KoToporo anu3ozpl
X0/1ecTasa Hab/ofanuch ¢ 6-MecAYHOro Bo3pacTa U He COMpPOoBOXKAa-
NCb noBbleHnem y-ITI. Bruoncus neyeHu nokasana 6annoHHyto ge-
reHepaLmio renatounTos, TUNKYHY0 ana JPBX, a TakKe BHyTpuneyé-
HOYHBIV U KaHaNbLEBbIM XonecTtas ¢ buampybuHoctasom [50].

K HacToALemy BpemeHn onucaHo He meHee 15 cnydyaes xone-
CTaTUYeCKnX 3a60n1eBaHui ¢ MyTaumeit B reHe USP53. OTeuecTBeHHbIE
nccnefoBaTeNn onucany 2-NeTHero nauueHTa C 3aTAXKHON HeoHa-
Ta/IbHOM ¥KENTYXOM KOHBIOraLMOHHOIO TUMA, K 3 MecALam MMeBLLIEro
NOBbILLEHWUE YPOBHA TPAaHCAMMHa3, renaTocnaeHOMEraauto, BbICOKMA
YPOBEHb WENOYHOM pocdaTasbl, HO He MoBbIWeEHHbIN y-TTM. K rogy
PeBEHOK MMeN YyMepEeHHYH0 3aiePKKY GU3NYECKOTO PasBUTUA U TYToy-
X0CTb. Y NaupeHTa 0TMeYanocb HeObbIYHOE MHOXKECTBEHHOE Haslnune
MENIKMX reMaHrvom B neveHun. Ha goHe Tepanum ypcoaesokcmxone-
BOI KMUCNIOTOM OblNa OTMEYEHA YacTMYHAA NONOKUTENbHAA AUHAMMKA
neyéHoYHbIX NokasaTenei. MposeaEHHOE CEKBEHMPOBAHWE BbIABUIO
6uannensHyto mytaumto ¢.1017_1057del (p.(Cys339TrpfsTer7)) B go-
meHe USP53 [51].

MCBX 8 Tuna (OMIM 619662) cBzaH ¢ myTaumamm B reHe KIF12,
KOAMPYIOLEM KUHE3MH3aBUCUMBbIN Genok. [edekt cvHTe3a benka
NPUBOAMUT K HaPYLIEHMIO NONAPHOCTM renaToLMTOB U BHYTPUKIETOY-
HOro TpaHcnopTa ¢ GOPMMPOBAHMEM HEOHATa/IbHOMO CKAEpo3npy-
IOLLEro XonaHruTa, bbICTPbIM NPOrPecCMpPOBaHMEM LMPPO3a U Nop-
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Maddirevula S et al (2019) presented long-term observa-
tions of three related patients with severe cholestatic disease,
in which a biallelic mutation (c.951del; p.(Phe317Leufs*6)) was
identified in the USP53 gene. These patients exhibited low levels
of physical and neuropsychic development, and all experienced
severe itching, adequately controlled by rifampicin. One patient
had severe hypocalcemia from an early age, and two developed
hearing loss at ages 9 and 14. Laboratory tests showed normal
y-GTP and elevated alpha-fetoprotein levels. One patient re-
quired liver transplantation at age 6. Morphological examination
of the liver showed significant ductal proliferation, lymphocytic
infiltration, and giant cell transformation of hepatocytes [48].

In a study by Zhang J et al (2020), seven pediatric patients
with mutations in the USP53 gene were reported to have expe-
rienced a reversible increase in direct bilirubin levels, while their
y-GTP levels remained normal during the first half of their lives. A
follow-up liver biopsy revealed intralobular cholestasis, giant cell
changes in hepatocytes, and fibrosis [49].

Ates BB et al (2023) reported a clinical case involving a
16-year-old adolescent diagnosed with benign recurrent intrahe-
patic cholestasis. This condition was linked to a homozygous muta-
tion in exon 14 of the USP53 gene (NM_001371399.1:¢.1558C>T).
The patient had experienced episodes of cholestasis since six
months of age but increased y-GTP levels did not accompany
these episodes. A liver biopsy revealed balloon degeneration of
hepatocytes, characteristic of BRIC, and intrahepatic and tubular
cholestasis featuring bilirubin stasis [50].

Currently, at least 15 cases of cholestatic diseases associated
with mutations in the USP53 gene have been documented. Thus,
in a study by Shatokhina O et al (2021), a 2-year-old patient pre-
sented with prolonged neonatal jaundice of the conjugation type.
At three months of age, the child exhibited elevated transami-
nase levels, hepatosplenomegaly, and increased alkaline phos-
phatase levels; however, there was no rise in y-GTP levels. By the
time the child was one year old, they showed moderate delays
in physical development and experienced hearing loss. Notably,
the patient had an unusual presence of multiple small hemangi-
omas in the liver. Following treatment with ursodeoxycholic acid,
some improvement in liver parameters was observed. Genetic
sequencing identified a biallelic mutation (c.1017_1057del; (p.(-
Cys339TrpfsTer7)) in the USP53 domain [51].

PFIC type 8 (PFIC-8: OMIM # 619662) is linked to mutations
in the KIF12 gene, which encodes a kinesin-dependent protein.
The defect in protein synthesis disrupts hepatocyte polarity and
intracellular transport, resulting in neonatal sclerosing cholangitis
and rapid progression of cirrhosis and portal hypertension. The
y-GTP level is elevated [52, 53]. Maddirevula S et al (2019) de-
scribed two unrelated patients and two cousins with mutations
(NM_138424.1: c.463C>T: p.[Arg155*]; NM_138424.1: c.656G>A:
p.[Arg219GIn]; NM_138424.1: ¢.610G>A: p.[Val204Met]) in the
KIF12 gene, experiencing sclerosing cholangitis and rapidly pro-
gressive biliary cirrhosis with portal hypertension. Two of these
patients underwent liver transplantation at ages 10 months and
6 years. All three patients aged 5 to 20 were alive at publication
[48].

Neonatal sclerosing cholangitis (NSC) is linked to a wide
array of involved genes, often presents extrahepatic manifesta-
tions, and is associated with an increase in y-GTP. Numerous ob-
servations pertain to cases of NSC connected to mutations in the
DCDC2 gene [54-58]. Various studies have reported hearing loss,
central nervous system disorders, and renal pathology in carriers
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TaNbHOW runepTeHsunm. YposeHb y-ITI nosbiweH [52, 53]. ABTopbl 13
CaypoBckolt ApaBumn onvcanun AByX He CBA3aHHbLIX POACTBOM M ABYX
[BOIOPOAHbIX NauneHToB ¢ myTaunamm (NM_138424.1: c.463C>T:p.
[Arg155*]); (NM_138424.1: c.656G>A:p.[Arg219GIn]); (NM_138424.1:
€.610G>A:p.[Val204Met]) B reHe KIF12 co cKNepo3vpyrOLLLMM XONaHvi-
TOM U BbICTPO NMPOrpPeccUpyOLLMM BUAMAPHBIM LIUPPO3OM C GopmMu-
poBaHWEM MOPTasbHOM rMnepTeHsuu. [gym naumeHTam 6bblna npo-
BeJieHa TpaHCMaHTaLumMA neyenn B Bospacte 10 mecaues u 6 net. K
MOMEHTY NybavKaLmmn Bce Tpoe NaumeHToB Oblin KMBbI B BO3pacTe
5-20 ner [48].

HeoHaTanbHbI ckneposupytowmii xonaHrut (HCX) cesasbiBaert-
€A C LWMPOKUM CMEKTPOM BOB/IEKAEMbIX FeHOB, UMEET HepeaKo BHe-
ne4yéHouHble NPOABAEHUA U CONPOBOXAAeTCA nosblweHuem y-ITI1.
Bonblioe KonmyecTBo HabnogeHUI OTHOCUTCA K caydasam HCX, acco-
LMMPOBaHHbIX ¢ MyTauuamu B reHe DCDC2 [54-58]. B page vccneso-
BaHWIA COOBLANOCh O HAMYMK Y HOCUTENen myTaumii B reHe DCDC2
TYrOYXOCTW, HapYLUEHWUI B LeHTPasbHOW HEPBHOW CUCTEME, a TaKKe
NaToNIorMM NOYEK, Y4TO NO3BO/IANO PACCMATPUBATD 3TU CIyYau KaK Lint-
nvonatuum [59-63].

NCBX 9 tuna (OMIM 619849) cBA3aH C MyTauMAMM B reHe
ZFYVE 19 (zinc finger FYVE-type containing 19), Koaupytowiem 6enoK
ANCHR — perynatop KOHTPO/IbHOM TOYKM MUTOTUYECKOTO LIUTOKMHE3A
(Abscission/NoCut checkpoint regulator). 3a6onesaHue npossnserca
renaTo-CnieHoMerasnei, NopTanbHOW TMNepTeH3nen, TAXKENON xone-
CTaTUYECKOM KEeNTyxol C paHHein MaHudecTaumen, ¢ runepxonecre-
pUHEMMEN U BbICOKMM ypoBHeM y-ITI. Kakux-1Mbo BHeneYE€HOUHbIX
nposBaeHnii MyTauun reHa ZFYVE 19 He onucaHo. Mopdonornyeckoe
UCCNefoBaHVE BbIABAET BPOXAEHHBIN GKOPO3, ManbbopmaLmio
NPOTOKOBbIX MAACTUHOK, NponndepaLmio NpoTokos. CYnTaeTcs, YTo
MMeloLLIMeca U3MEHEHNA ABNAIOTCA Pe3y/IbTaTOM LIMANAPHBIX Aedek-
TOB XO/IAHMMOLMTOB, YTO NO3BOAAET paccmaTtpmeatb [CBX 9 Trna Kak
upnvonatuio [64].

Kutalickue asTopbl onucanu 9 feTeit ¢ myTauusmu B reHe
ZFYVE 19 (c.314C>G,p.S105X; ¢.379C>T,p.Q127X; ¢.514C>T,p.R172X;
¢.547C>T,p.R183X; ¢.226A>G,p.M76V), y KoTopbIx chopmmnpoBanachb
nopTanbHaa runepteHsuna. Yetbipém fetam notpebosanacb TpaHc-
nAaHTaums neyveHu [65]. UTanbaHCKME aBTOPbI ONUCANN 6-NETHIO
[1eBOYKY MAPOKKaHCKOTO NMPOUCXOXAEHUA C TOMO3UTOTHOW MyTaLmei
B reHe ZFYVE 19, cTpaZaBLUyO XONECTaTUYECKOMN KENTYXOW C UHTEH-
CMBHBIM 3yA0M, HEe pearmpylowWwmm Ha NPUEM pudamnuumHa 1 ypco-
[1€30KCMX01IEBOI KMCNOTbI, HO C 3pdeKTOM OT Npuéma ofeBuKcunbaTa
[66].

MCBX 10 Tuna (OMIM 619868) cBsizaH ¢ myTaumeii 8 reHe MYO5B
(18921.1), KoAMpyOLWEM TPAHCMOPTHbIA BHYTPUKNETOUHbIN 6enok
M1o3uH Vb, o6HapyKMBaemblit B KMLLEYHWKe U B neveHn. MyTtaumm
MYO5B TaKe cBA3biBaeTCA ¢ 6ONE3HbIO BKIOYEHUA MUKPOBOPCH-
HOK (MVID), onncaHHOM 3HaUYMTENbHO PaHbLLE, XapaKTepum3ytoLLencs
TMNOMNAACTUYECKOW aTpodUeit MUKPOBOPCUHOK LLETOYHOM KaéMKM U
NPOABASAIOWENCA TAKENON BPOXKAEHHOW 3HTeponatueit. He meHee,
4yem y NONOBMHbI NALMEHTOB PA3BMBAETCA XONECTATUYECKanA KeNTyxa
C HOPMasibHbIM YPOBHEM Y-TTI1 U CHUXKEHHBIM YPOBHEM MEPBUYHbIX
KENYHBIX KUCNOT B KPOBW. YacTU NaLMEHTOB CO BpemMeHeM TpebyeTca
TPaHCNaHTaLMA NeyeHn [67].

B nocnegytouiem, 6uannensHole mytaummu MYOSB 6biam 06Ha-
pY*KeHbl Y HEKOTOPbIX MaLLMEHTOB C XONecTaTUieckum 3abonesaHmem
neyeHu, He MMEIOLLMX AMapen AN UMEIOLLMX He TAXENYI0 SHTepona-
TUIO, UMW MMEBLUME e€ TONIbKO B paHHeM Bo3pacTe. CTeneHb nopaxe-
HWA NeYeHMN TaKKe CUbHO OTINYaANACh.

B nybaukaumsax cooblanocb 0 5 HEPOACTBEHHbIX AETAX, Y KO-
TOPbIX Ha NMEPBOM FOAY KWM3HW Pa3BUIaCh XONECTAaTUYECKan KenTyxa
C HOpmanbHbIM yposHem y-ITI, renatocnieHomeranva u auapes.

of DCDC2 gene mutations, which led to these cases being classi-
fied as ciliopathies [59-63].

PFIC type 9 (PFIC-9: OMIM # 619849) is associated with
mutations in the ZFYVE 19 gene (zinc finger FYVE-type containing
19), which encodes the Abscission/NoCut checkpoint regulator
(ANCHR) protein. The disease manifests as hepatosplenomegaly,
portal hypertension, and severe cholestatic jaundice with early
onset, along with hypercholesterolemia and elevated levels of
y-GTP. No extrahepatic manifestations of the ZFYVE 19 gene mu-
tation have been reported. Morphological examinations reveal
congenital fibrosis, malformation of the ductal plates, and duct
proliferation. These changes are thought to result from ciliary de-
fects in cholangiocytes, supporting the classification of PFIC type
9 as a ciliopathy [64].

Luan W et al (2021) describe nine children with mutations in
the ZFYVE19 gene, specifically the following mutations: ¢.314C>G
(p.5105X), ¢.379C>T (p.Q127X), ¢.514C>T (p.R172X), ¢.547C>T
(p.R183X), and ¢.226A>G (p.M76V). All of these children devel-
oped portal hypertension, and four of them required liver trans-
plantation [65]. Pepe A et al (2023) reported on a 6-year-old girl
of Moroccan descent who had a homozygous mutation in the
ZFYVE19 gene. She experienced cholestatic jaundice accompa-
nied by severe itching, which did not respond to treatment with
rifampicin and ursodeoxycholic acid. However, she showed im-
provement with odevixibat [66].

PFIC type 10 (PFIC-10: OMIM # 619868) is associated with
a mutation in the MYO5B gene (18g21.1), which encodes the in-
tracellular transport protein myosin Vb found in the intestine and
liver. MYO5B mutations are also linked to microvillous inclusion
disease (MVID), an earlier identified disorder characterized by hy-
poplastic atrophy of brush border microvilli and severe congenital
enteropathy. At least half of patients exhibit cholestatic jaundice
with normal y-GTP levels and reduced primary bile acid levels in
the blood. Some patients ultimately require liver transplantation
[67].

Subsequently, biallelic MYO5B mutations were discovered
in some patients with cholestatic liver disease who exhibited no
diarrhea or only mild enteropathy or had early-life enteropathy.
The extent of liver damage varied significantly among cases.

Gonzales E et al (2017) and Aldrian D et al (2021) reported
on five unrelated children who developed cholestatic jaundice
during their first year of life. These children presented with nor-
mal y-GTP levels, hepatosplenomegaly, and diarrhea. Liver bi-
opsies conducted on three patients revealed variable lobar and
portal fibrosis, multinucleated giant hepatocytes, and cholestasis
in both hepatocytes and tubules without signs of ductal prolifera-
tion. Treatment with ursodeoxycholic acid was partially effective;
however, episodes of cholestatic jaundice recurred periodically.
Notably, no progression of liver failure was observed in any of the
patients [68, 69].

Qiu YL et al (2017) reported on 10 patients from 8 unrelated
Han families who developed cholestatic jaundice, accompanied
by severe itching, hepatomegaly, and intermittent elevations in
transaminase levels, while y-GTP levels remained normal during
the first 18 months of life. The progression of the disease varied,
ranging from persistent and progressive cholestasis to transient
cholestasis with complete recovery. Unfortunately, one patient
died while on the liver transplant list [70]. Another study doc-
umented six unrelated patients with PFIC type 10, displaying
varying degrees of symptoms, with only one child requiring liver
transplantation at age 5. Four patients showed no signs of en-
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Buoncusa neyeHu, BbINONHEHHaA 3 mauueHTam, Nokasana Bapuabens-
Hblli [ONEBOM WM MOpPTaNbHbIA GUOPO3, MHOrOAAEPHbIE MUraHTCKUE
renaToLuTbl, renaToLeNtoNAPHDBIA U KaHa/bLEBbINA X0necTas npu oT-
cyTcTBMM nponndepaLmmM NpPOTOKOB. JleyeHne ypcose30KCUX0NeBoim
KMCNOTOW [aBano YacCTUUHbIA 3PEKT, HO 3NM30AblI XONECTaTUYeCKoM
KeNTyXv Nepuoanyecky NoBTOPAANCh. HW y ofHOrO naumeHTa He 6bi10
OTMEYEHO NPOrpeccupoBaHmMA NEYEHOYHON HEAOCTAaTOYHOCTM [68, 69].

lpynna KMTalcK1x aBTOPOB B 3TOM e rofly coobumna o 10 na-
LIMeHTax U3 8 HePOACTBEHHbBIX XaHbCKUX CEMENA, Y KOTOPbIX B Nepsble
MoATOpa rofla *M3HM OblI0 OTMEYEHO Pa3BUTUE XONECTATUYECKOW
YKENTYXM C MHTEHCUBHBIM 3yZ10M, renaToMeranaus, HenocToAHHOE no-
BbllUeHWe TPaHCaMMHA3 Mpu HopmanbHOM yposHe y-ITM. TeyeHne
3aboneBaHuMn 6b110 BapnabenbHbIM OT CTOMKOrO 1 NporpeccupytoLLe-
ro xonectasa A0 TPAH3UTOPHOrO X0MecTasa € NOAHbIM Bbl340POB/Ie-
Huem. OAMH NaLMeHT yMep, HaxoAACh B CMMCKE Ha TPAHCMaHTaLuIo
neuyenu [70]. B apyrom nccnesoBaHUm coobLanock o 6 HepPoACTBEH-
HbIX NaymeHTax ¢ MCBX 10 Tvna, ¢ pasnnYHOMN TAXKECTbIO NPOABNEHWUN,
U3 KOTOPbIX TPAHCM/IAHTaLMA neYeHn notpeboBanacb TObKO OAHO-
My pebéHKy B Bo3pacTe 5 neT. Y 4 nauueHToB He BbiI0 CUMNTOMOB
3HTEponaTuu, a y 2 B MI1aAeHYecTBe OTMeYanach TAxENaa auapes,
noTpeboBaBLas NPOBEAEHWUSA MAPEHTEPANIbHOTO MWUTAHUA, OLHAKO
B MOC/MeAYIOLEM CUMMTOMbI SHTEPOMATUM B 3HAUYUTENbHON Mepe
yMeHbLwmnance [71].

B 0630pe MHTepHALMOHANBHOMO KOJIEKTVBA aBTOPOB 0606LLe-
Hbl AaHHble 114 naupeHToB ¢ MyTauuamu B reHe MYOSB (BK/toyas
cobCTBEHHbIE HAabNOAEHWMSA), CPeaAM KOTOPbIX ObiIM KaK MauMeHTbl C
MVID, cmelaHHbIM 3aboneBaHnem (MVID 1 xonectas) U M30aMpo-
BaHHbIM X01€CTa30M. ABTOPbI CAeNa/IN 3aK/0YEeHNe, YTO Y NaLMEHTOB
6e3 TAMENOW 3HTEPONATUM NPOUCXOAUT IKCMNPECCHA MOSHOPa3Mep-
HbIX MyTaHTHbIX 6enKoB MYO5B ¢ octaTouHo dyHKUmel [69].

Takum obpa3om, MaTonorua, CBA3aHHAA C MyTaLMAMU B reHe
MYO5B B 3HauUMTENbHOWM Mepe HEOLHOPOAHA Kak MO TAXKECTM, TaK U
NO COOTHOLIEHWUID BUAMAPHBIX U SHTEPUTUYECKUX HApyLUeHWN. B Ha-
cToAlee Bpema peHoTUNMYecKas HeOAHOPOAHOCTb NALMEHTOB C Ha-
pyweHuammu MYOS5B 06bACHAETCA CUHTE30M Pas/IMUHbIX AeEKTHbIX
6enkos [72]. Mpegnonaraetcs, yto Mytauum B reHe MYOS5B moryt
COCTaBAATb MATYHO YaCTb MAMONATUUYECKOTO X0NeCcTasa y negmarTpuye-
CKMX MALMEHTOB C HU3KUM ypoBHem y-ITM [73].

MNCBX 11 tuna (OMIM 619874) 6bln AMarHOCTMPOBaH y Na-
LMEHTa C TOMO3UroTHOM myTaumert R148W B reHe cemadopuHa-7A
(SEMA7A), yyacTsytoLLero B nepesaye CUrHaioB v MUrPaLMmM KNeTok,
ero AMcdyHKLUMA BbI3bIBAET X0ONECTa3, HapyLlaa NONAPHOCTb renaro-
uutos. MNpeanonaraetca, uto mytauua SEMA7A cHUXaeT akcnpeccuto
NEPEeHOCYMKOB XKENUHBIX KACIOT B KaHanbLeBoii membpaHe (BSEP u
Mrp2). CemacdopuH-7A TaKKe npeacTaBnseT cobot aHTUreH CUCTEMbI
rpynn kposu JMH (John Milton Hagen). Hanbonbluas akcnpeccus ce-
madopuHa-7A onpeaenseTca Ha AMmdOLUTaX, YTO onpeaenseT ero
y4yactve B UMMyHHOM oTBeTe [74, 75].

MCBX 12 tuna (PFIC-12) Bbi3biBaeTcs MyTauuamu B reHe VPS33B,
KOAMPYIOLLEM TPAHCMOPTHbIA U IM30COMaNbHbIA 6enoK. MpuunHom
XonecTasa B 4aHHOM C/lyyae Tak:Ke ABNAETCA U3MEHEHME NONAAPHOCTM
renaTouuToB. Y NauuMeHTOB MOTYT HabaaaTbCA KOCTHO-CYCTaBHbIE
fedopmauuu v TybynsipHble HapyLIEHWA, YTO NO3BOIMNO0 MMEHOBATb
€ro CMHAPOMOM apTPOrPUNO3a — NOYEYHON ANCHYHKLMM — XOonecTasa
(Arthrogryposis-Renal Dysfunction-Cholestasis (ARC) syndrome). Y ua-
CTM NALMEHTOB X0NecTa3 He CONPOBOXAaeTca cuHapomom ARC [76].

3AKNIOYEHUE

[mnarHocTka 3aboneBaHUi, NPOABAAIOWMXCA NPSAMON rUnep-
6unMpybrHemmnelt y HOBOPOXKAEHHbIX M AeTeil paHHero BO3pacTa,
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teropathy, while two presented with severe diarrhea in infancy
that necessitated parenteral nutrition, though symptoms of en-
teropathy later significantly improved [71].

A review by Aldrian D et al (2021) analyzed data from 114
patients with mutations in the MYO5B gene. This study includ-
ed observations from patients with Microvillous Inclusion Dis-
ease (MVID), mixed disease (MVID and cholestasis), and isolated
cholestasis. The authors concluded that patients who do not have
severe enteropathy produce full-length mutant MYO5B proteins
that retain some residual function [69].

Thus, the pathology associated with mutations in the
MYO5B gene is largely heterogeneous in both severity and the
ratio of biliary and enteric disorders. The phenotypic heterogene-
ity of patients with MYO5B disorders is explained by synthesizing
various defective proteins [72]. It is estimated that mutations in
the MYO5B gene may account for one-fifth of idiopathic cholesta-
sis in pediatric patients with low y-GTP levels [73].

PFIC type 11 (PFIC-11: OMIM # 619874) was diagnosed
in a patient with a homozygous R148W mutation in the sema-
phorin-7A (SEMA7A) gene, which is involved in cell signaling and
migration; its dysfunction causes cholestasis by disrupting he-
patocyte polarity. It is suggested that the SEMA7A mutation re-
duces the expression of bile acid transporters in the canalicular
membrane (BSEP and Mrp2). Semaphorin-7A is also a JMH (John
Milton Hagen) blood group system antigen. The highest expres-
sion of semaphorin-7A is observed on lymphocytes, demonstrat-
ing its participation in the immune response [74, 75].

PFIC type 12 is caused by mutations in the VPS33B gene,
which encodes a protein involved in transport and lysosomal
function. This condition leads to cholestasis, which is associated
with changes in the polarity of hepatocytes. Patients may expe-
rience bone and joint deformities, as well as tubular disorders,
resulting in what is referred to as arthrogryposis-renal dysfunc-
tion-cholestasis (ARC) syndrome. However, in some patients,
cholestasis may occur independently of ARC syndrome [76].

CONCLUSION

Diagnosing diseases that cause direct hyperbilirubinemia in
newborns and young children can be challenging, especially after
ruling out the most common obstructive causes. Advances in ge-
netic research and liver transplantation highlight the need for de-
veloping algorithms to evaluate these patients. Such algorithms
will facilitate timely diagnoses for cases that require surgical in-
tervention and provide long-term prognoses for initially mild and
transient cases.
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noc/ie WCKAKYeHWUs Hanbonee PacnpoCTPaHEHHbIX OBCTPYKTUBHbBIX
NPUYMH, MOKET NPELCTaBAATL COBOM CAOKHYI0 Npobnemy. Pacwm-
peHne BO3MOMKHOCTEN MPOBEAEHUA EHETUYECKMX WUCCAef0BaHUI U
TpaHCNNAHTALMK NeyeHu, AenaeT HeobXoAMMbIM pa3paboTKy anro-

puTMoOB O6CJ'Ie,lJ,OBaHMF| TaKuUX NauMeHToB, YTO NO3BOJIUT HE TOIbKO
CBOEBPEMEHHO ANArHOCTUPOBATbL Cy4dan, Tpe6y|0Lu,V|e onepaTtmBHOro
Nle4eHuA, HO MU OCyLLEeCTBNATb AOJ’IFOCpOHHbIVI MPOrHoO3 B M3HA4Ya/lbHO
He TAXENbIX U TPAH3UTOPHDbIX C/1yYanx.
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