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Abstract

Introduction. Sitosterolemia is a rare genetic disorder directly associated with dysfunction of ABCG5 and G8 genes. The
data obtained was used to analyze the cellular mechanisms and the role of transporters in absorption and excretion of serum
sterols. Thus, to understand the influence of mutations on the development of cardiovascular disease.

Aim. To investigate the clinical manifestation between sitosterolemia and familial hypercholesterolemia (FH), focusing on
how dysfunctions of transporters lead to the misdiagnosis of sitosterolemia as FH.

Research Strategy. The data collection was conducted by searching research papers in English based on lipidology.
The search strategy identified 118 papers, of which 42 were selected that meet established inclusion criteria: full-text
publications in English, meta-analyses, cohort studies, experiments on mice, whereas established exclusion criteria:
research papers in other languages, promotional articles, conferences, short reports. The research papers reviewed the span
from 1970 to 2022.

Results. Inactivation of genes causes the dysregulation of sterols. FH is characterized by elevated low-density
lipoprotein cholesterol (LDL-C), whereas sitosterolemia presents with moderate elevation in LDL-C but dramatic increase in
phytosterols. The phenotypic overlap between sitosterolemia and FH complicates detection. Both disorders manifest
cardiovascular complications with elevated total cholesterol (TC) levels. The lipid profile distinguishes these conditions,
necessitating HPLC, GC-MS tools. Genetic testing for mutations is essential for confirmation. The findings suggest that
sitosterolemia mimics the FH state. FH is managed primarily with statins, while sitosterolemia requires ezetimibe. In addition,
dietary modifications that reduce the intake of plant sterols are recommended.

Conclusion. This review highlights ABCG5 and ABCG8 mutations that impair sterol transport, causing plant sterol
accumulation. The condition often leads to xanthomas and early coronary artery disease. A major diagnostic challenge is the
overlap with FH, as similar lipid abnormalities can obscure proper diagnosis.
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BBepeHue. Cutocteponemus - 370 peakoe reHeTuyeckoe 3abonesaHume, HeMoOCpPeACTBEHHO CBA3AHHOE C AUCHYHKLMEN
reHoe ABCG5 u ABCGS8. [lonyyeHHble AaHHble WMCMONMb30BaNMWCh ANS aHanM3a KIeTOUHbIX MEXaHWM3MOB W PO
TpaHcnopTépoB B abcopbuum 1 BbiBEAEHWN CTEPONOB M3 OpraHuama. Takum obpasom, Lenbi UCCReaoBaHus SBNsSeTCs
NOHMMaHWe BNUSHUS MyTaLuii Ha Pa3BUTUE CEPLEYHO-COCYOUCTBIX 3a60nEBaHM.

Llenb. M3yunTb knuHWueCKne NpOSIBNEHWS CUTOCTEPONEMUN U CeMelHON runepxonectepuHemun (CT), ¢ akLueHToM Ha
TO, KaK AMCYHKLW TPAHCTIOPTEPOB NPUBOZAT K OLUMBOYHON AnarHo3y cutocteponemmuy kak Cr.

Crpaterusi noucka. COOp [OaHHbIX OCYLECTBNANCSA MYTEM MOMCKA HAy4HbIX CTaTell Ha aHITMIACKOM S3blKe,
NOCBALLEHHbIX nunugonorin. B xoge noucka 6bino BeisieneHo 118 nybnukauui, M3 kotopbix 42 ctaTbi COOTBETCTBOBANM
YCTAHOBMEHHbIM  KPUTEPUAM  BKMKOYEHUS: MOMHOTEKCTOBbIE NyBnMMKaLMM Ha  @HIMWACKOM  A13blke, MeTaaHanwu3bl,
MCCNENO0BaHWs NALMEHTOB, SKCMEPUMEHTBI Ha Mbllax. Vckniovanucb CTaTbn Ha OpYrux s3blkax, peknamHble Matepuansl,
MaTepuanbl KoHdepeHUMin 1 kpaTtkue oT4éThl. O630p OXBaTbIBaN UCCMeAOBaHWS, onybnnkoBaHHble B nepuog ¢ 1970 no
2022 roppl.

Pe3ynbTatbl. HaKTMBaLMs reHOB NPUBOAWT K AMCPErynauum TpaHcnopta creporos. [ns CI xapakTepHO noBbllLeHne
YPOBHS NMNONPOTENHOB HW3Kkoi nnoTtHocT (JIMHIM), B TO Bpems kak CMTOCTEPOrNEeMWs COMPOBOXOAETCH YMEPEHHbIM
yeennyennem JIMHM, HO 3HauWTEnbHbIM MOBbLILLEHWEM YPOBHS (pUTOCTEpPONnoB. PeHOTUNMYECKOe CXOACTBO Mexay
cutocteponemuein u CI 3atpygHseT wx gwarHocTuky. Oba 3aboneBaHusi COMPOBOXAAKTCS CEpPAEYHO-COCYANCTHIMM
OCINOXHEHNAMM W MoBbieHnem obuero xonectepuHa (OX). NunmaHbin npodunb NO3BONSET pasnuyaTh 3TW COCTOSHMS,
Ans yero Tpebytotes Takne meTodbl, kak BOXKX n MX-MC. [eHeTnyeckoe TecTMpoBaHWe Ha Hamuune MyTauuin SBnseTcs
HeobXoauMbIM [Nt MOATBEPXAEHUS AnarHo3a. [lonyyeHHble OaHHbIE MOKA3bIBAKOT, YTO CUTOCTEPONEMWSI UMUTUPYET
coctosiHue, cxoxee ¢ CI. OcHoBHOM meTod neveHust CIT — MCMONb3oBaHWE CTATWHOB, TOrAA Kak Ans CUTOCTEPONEMIM
TpebyeTcs HasHaueHue 33eTumuba. Kpome Toro, pekomeHZyeTcsi M3MEHEHWe pauuoHa C orpaHuyeHnem notpebnequs
pacTUTenNbHbIX CTEPOIIOB.

BbiBog. O630p nogyepkuBaeT, 4to MyTauum B reHax ABCG5 n ABCG8, HapyluaroLe TpaHCIopT CTEPOSIOB, Bbi3blBAKOT
HaKOMNEHWe pacTUTENbHbIX CTEPONoB. 3aboneBaHWe 4acTo NPUBOAMT K Pa3BUTUI0 KCAHTOM U PaHHEMY MOPaXKEHWHO
KopoHapHbIx apTepuin. OCHOBHOW AuarHoctuyeckoi npobrnemon sBnsietcs cxopctBo ¢ CI, Tak Kak CXOXue nunugHble
HapyLLeHUs 3aTPYAHSIOT NOCTAHOBKY NPaBUNbHOMO AMarHo3a.

Kntoueeble cnosa: ABCG5, ABCGS8, JlunudHbili npoghunb, cumocmepornemus, cemeliHas aunepxonecmepuHemus,
cmepon.
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Kipicne. Cutocteponemuss — ABCG5 xsHe ABCG8 renpepiHiv, AMCHYHKUMACLIMEH Tikenei 6aiinaHbiCTbl cupek
KesfeceTiH reHeTukanblk aypy. AnblHFaH [epekTep Xacyllamnblk MexaHusMaep MeH cTeponfapiblH, CiHyi MeH
LWblFapbINyblHAaFbl TacbiMangaylwbinapabliH, peniH Tangayra nanganadbiigel. Ocbinaiiwa, mMyTauusnapablH, Xypek-KaH
Tamblpnapbl aypynapbiHblH 4aMyblHa SCEPIH TyCiHyre 6onagbl.

Makcar. Cutocteponemuss MeH OTOAChIMNbIK TUNEPXONIECTEPUHEMUSIHBIH, KITMHWKANbIK KOpPIHICTEPIH 3epTTey, COHbIH
iliHae TacbiMangaylbinapgbiH, AMCHYHKUMANAps! CUTOCTEPONEMUSIHBI OTOACBINbIK MMMNEPXONecTepUHEMUS PETIHAE KaTe
[MarHocTukara kanam akeneTiHiH Tangay.

I3pey cTpateruscbl. ManiveTTep XuHay NUNOONOrAs canacbiHaasbl aFblNibiH TINIHAET FbINbIMU Makananapasl i3gey
apKbInbl XKy3ere acbipbingbl. [30ey HatwkeciHoe 118 xapusnaHbiM aHbIKTanbIn, onapabiH, 42-Ci ipikTey KputepuinepiHe
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CoWKeC Kenpi: TOMblK MTIHAI afbiNlbIH TiNiHOEM Makananap, MeTaaHanusgep, KOropTTbik 3epTTeynep, ThilKaHAapMeH
aKcnepumeHTTep. IpikTey KpuTepuiinepiHe coailkec kenmerenzep: 6acka Tingepaeri  3epTTeynep, apHamanblk,
MaTepuangap, KoHdepeHUMs MaTepuangapbl XaHe Kbickawa ecentep. 3eptreynep 1970-2022 xbinpgap apanbifbiH
KaMTblabl.

Hotuxkenep. leHgepaiH, WHaKTMBaUMACHI CTepongapdblH, peTTenyiH 6y3agbl. OTbachinbik, runepxonectepuHemMms
kesiHoe TeMeH Thifbl3ablikTasbl nunonpotenarepdiy, (TTIIM) gexreni xorapbinaiasl, an cutocteponemus kesiHge TTIIMM
OeHreri optawa fewrenge bonca ga, dutoctepongapablH, KypT ecyi barikanagbl. Cutocteponemnsi MeH OTbachInbik,
rMnepxonecTepuHeMuUs apacblHaasbl (PEHOTUNTIK yKCACTbIK, OnapablH, AMarHOCTUKAChIH KubiHAATadbl. Exi aypy ga xannbl
XonecTepuHHiH, (XKX) xorapbinaybIMEH XaHEe Xypek-KkaH Tamblpnapbl ackblHynapbiMeH cunattanagbl. byn xargannapab
axblpaTy ywWiH nunnati npodunb Kaxet, on ywiH HPLC xsHe GC-MS apicTepi kongaHbinagbl. [uarHoagsl pactay yLwiH
MyTauusanapFa TeHeTUKanblK TecTiney Xyprisy eTe MaHplagbl. AnblHFaH [epekTepre CyMeHcek, CUToCcTeponemus
0T6aChINbIK TMNEpXONECTEPUHEMUSIFA YKCAC KaFdanabl umuTaumsanangbl. OT6ackinbk rMnepxonecTepuHeMusiHbI eMaeyae
CTaTWHAEp Herisri Kypan 6onbin Tabbinagbl, an CUTOCTEPONEMWS XafhanbiHaa 93eTMMMO TaranbiHaanagbl. COHbIMEH
KaTtap, eciMaik CTeponaapblH TyTbIHyAbI LWeKkTeyre barbiTTansaH aneta yCblHbinagpl.

KopbITbiHAbI. byn wony crepongapabiy, TackimangarysiH 6ysatein ABCGS xaHe ABCG8 rengepingeri myTaumsanap
eCiMaik CTepongapblHbiH, XWHamNyblHa SKeneTiHiH aTtan kepceTedi. Aypy KCaHTOMaHblH, naitga GonybiHa XaHe Xypek
apTepusnapbiHbiH, epTe 3akbiMaaHybiHa wi ceben OGonagbl. Heriari AvarHOCTMKanbIK KublHObIK, — Oyn oTbachinbIk,
MMNEPXONeCTepUHEMUSIMEH YKCACTbIfbI, OATKEHI YKCAC NMMMMATI e3repicTep AypbiC AMArHO3 KOKLb KMbiHAATaAbI.

Tylin ces3dep: ABCG5, ABCGS8, nunudmi npocunb, cumocmeponemus, ombackibiK aunepxonecmepuHemus,
¢gumocmepon.
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Introduction hydrolysis. It provides evidence that the ATP hydrolysis
Sterols are essential building blocks of cellular  powers the sterol transport processes.
membrane and act as a precursor for steroid hormones [2]. ABCG5 and G8 dysfunction disrupts normal sterol

One type of sterol, phytosterols are structurally similar to  transport. Meaning that inactivation of heterodimers leads to
cholesterol and compete for absorption in the intestines  increased intestinal absorption of plant sterols in the tissues
[41], effectively lowering the LDL cholesterol level. The  [6]. This issue alters the lipid homeostasis, contributing to
transport of phytosterols is regulated by ATP-binding  the sitosterolemia disease [28].
cassette subfamily G5 and G8, encoding “sterolin-1" and Sitosterolemia is a rare autosomal recessive disease
“sterolin-2” proteins, respectively [17]. These genes  characterized by excessive absorption of dietary sterols in the
products primarily form heterodimeric complex, which is intestines and reduced elimination of these sterols through bile
responsible for homeostasis for sterols and non-cholesterol ~ [28,16]. It is worth noting that patients with sitosterolemia have
sterols, such as xenosterol and sitosterol. a high absorption rate of cholesterol, which is the possible
The ABCG5 and ABCG8 genes are located together in  reason for xanthomas and premature coronary artery disease
STSL locus on 2p21 chromosome [11,16,21]. Both genes  development [31]. It is worth noting that there are other clinical
share several common transcription factors. They are  signs. Elevation of phytosterols and incorporation into
regulated by Liver X Factor (LXR), Farnesoid X Factor  erythrocytes may lead to the development of stomatocytes,
(FXR) and Hepatocyte Nuclear Factor 4 alpha (HNF4a)  thrombo- and macrothrombocytopenia [27]. Other clinical signs
[35,22,13]. According to the recent studies that were  may occur, such as hematologic abnormalities, including the
conducted by cryo-electron microscopy, the structures of  presence of stomatocytes, thrombocytopenia, and
ABCG5/G8 genes reveal unique dimer interface, which is macrothrombocytopenia, which can be the result of
crucial for their transport cycle [15]. The nucleotide binding ~ accumulated plant sterols and their incorporation into red blood
domains of the heterodimeric complex exhibit several  cells and platelets, leading to abnormal morphology and
networks of interactions that are essential for ATP  function [25,38].
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Non - cholesterol sterols are obtained mostly from
plants and fish. It is known that xenosterols have poor
bioavailability. Healthy human body absorbs < 5% of
xenosterols with effective biliary elimination [27]. Since
sitosterolemia leads to poor biliary excretion and intestinal
hyperabsorption, patients with sitosterolemia show a 30 to
100 - fold increase in the serum phytosterols [33,18].
According to Wang et al. (2015), liver-specific [L-
G5G8(-/-)], intestine-specific [I-G5G8(-/-)], and total
[G5G8(-/-)] double knock-out mice had > 90-fold higher B-
sitosterol concentrations in tissues than in wild-type mice
[37].

This problem illustrates the importance of studying the
disease among Kazakhstanis. Since there is a lack of data,
it is impossible to conclude analyze the spread of
sitosterolemia in Kazakhstan. On the other hand, some
ABCG5/G8 mutations mimic familial hypercholesterolemia,
worsening detection and therapy. In the laboratory,
enzymatic colorimetric techniques for measuring cholesterol
levels are not suitable for detection of sitosterolemia. The
only possible solution is the use of high-pressure liquid
chromatography, gas  chromatography and gas
chromatography/mass spectrometry that can correctly
distinguish phytosterols from cholesterol [7].

The aim of this research study is to investigate the
clinical manifestation between sitosterolemia and Familial
Hypercholesterolemia (FH), focusing on how dysfunctions
of heterodimeric compex of sterolins 1 and 2 can lead to the
misdiagnosis of sitosterolemia as FH. Since both conditions
present similar symptoms but differ significantly in their
corresponding molecular mechanisms and treatment
approaches.

Through the study, the following research questions
were examined:

o  What is the role of ABCG5/G8 genes in lipid
metabolism?

o  What
transportation?

o  How do mutations in ABCG5/G8 contribute to the
phenotypic overlap between sitosterolemia and Familial
Hypercholesterolemia?

This study is directed to identify the role of ABCG5/G8
gene variants in alteration of sterol homeostasis, particularly
the abnormal absorption of non-cholesterol sterols in
sitosterolemia and compare it with the cholesterol
metabolism dysfunctions seen in FH. Thus, the study will
examine the implications of misdiagnosis, as treatment of
sitosterolemia requires a different approach to that of
familial hypercholesterolemia.

The data analysis seeks the understanding of how
genetic mutations affect lipid transport can influence
cardiovascular risk and provide guidance for clinicians in
accurately diagnosing and managing patients with these
rare lipid disorders.

Objective of this Review

The aim is to explore the molecular mechanisms of
heterodimeric ABCG5/G8 transporter dysfunction, its
contribution to lipid metabolism, and the clinical challenges
posed by the phenotypic overlap between sitosterolemia
and FH. Molecular diagnostics and personalized treatment
approaches hold great importance for people affected by
this disorder and particularly benefit regions like

is the cellular mechanism of sterol

Kazakhstan where data on the prevalence and effect of
sitosterolemia remain unknown. This review aims to
promote better cardiovascular health outcomes and
address the gap in genetic lipid disorder diagnosis in
Kazakhstan.

This goal requires full understanding of cellular
mechanisms of ABCG5/G8 gene expression. By obtaining
this data, it is possible to examine the relationship between
heterodimeric  transporters and lipid homeostasis.
Furthermore, correct monitoring techniques can be applied
to monitor lipid profiles.

Research strategy

The data collection was conducted by searching
research papers in English based on lipidology, which are
aimed at studying the role of sterols. The following
databases were used:

o Google Scholar (https://scholar.google.com/)

o Scopus
(https:/iwww.scopus.com/search/form.uri?display=basic#ba
sic)

o ScienceDirect (https://www.sciencedirect.com/)

o NU library (https://library.nu.edu.kz/)

The challenging factor is limited number of available
literature because ABCG5/G8 mutations are associated
with a rare sitosterolemia condition. Sitosterolemia is
considered as a rare disease since only about 100 cases
are reported around the world [13]. Thus, much of the data
comes from small sample sizes or case reports. On the
other hand, some papers do not provide WES data, so it is
hard to assess whether it is due to ABCG5/G8 mutations or
other gene alterations.

Our search strategy identified 118 papers, of which 42
were selected that meet established inclusion criteria: full-
text publications in English, meta-analyses, cohort studies,
experiments on mice. These inclusion criteria were set to
ensure a high level of evidence and scientific validity. We
had to choose those literatures where the cause of this
morbidity in cohorts is due to mutation of the ABCG5/G8
genes. Thus, established exclusion: research papers in
other languages, promotional articles, conferences, short
reports. The research papers reviewed the span from 1970
to 2022. The reason for a broad timeframe is the low
volume of research relevant to this direction with specific
experimental approaches.

Results and Discussion

Sterol Metabolism

Sitosterolemia is a disease associated with ABCG5 and
G8 genes. Sterolin-1 and sterolin-2 form heterodimeric
complex which acts as a sterol transporter. After digestion,
free cholesterol (FC) and fatty acids (FA) enter the intestinal
enterocytes in micelles.

As shown in figure 1, in the enterocytes, FC is reformed
into cholesteryl esters (CE) and incorporated into
chylomicrons (CM) with the help of the microsomal
triglyceride transfer protein (MTTP).

The cholesterol-rich CMs are secreted into lacteals and
enter venous circulation. Similar to cholesterol, xenosterols
are absorbed in micelles, but most are exported back to the
intestinal lumen. Meaning that phytosterols compete for
Niemann-Pick C1-Like 1 (NPC1L1) for uptake. This process
decreases the absorption of cholesterol preventing serum
sterol elevation.
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Figure 1. Enterohepatic sterol flux and regulation of ABCG5 and ABCG8 [39].

The ABCG5/G8 transporters form heterodimers that play
a crucial role in secreting xenosterols back into the lumen.
Xenosterols that remain may either be incorporated into CMs
and enter circulation or be incorporated into high-density
lipoproteins (HDL) with FC. Xenosterols are found in all
lipoproteins, with the highest concentrations in low-density
lipoproteins (LDL) and high-density lipoproteins (HDL).

In the liver, cholesterol is primarily absorbed via HDL
receptors and chylomicron remnants via LDL receptors
(LDLR) and LRP1. While cholesterol is incorporated into
VLDL for peripheral tissue delivery, xenosterols are
preferentially excreted via ABCG5/G8 into bile for intestinal
elimination.

Plant sterols are known for their cardiovascular benefits,
especially in reducing LDL cholesterol by competing with
dietary and biliary cholesterol for absorption in the
intestines. However, it is worth noting that at high
concentrations, they can contribute to conditions like
sitosterolemia, where elevated xenosterol levels lead to
symptoms such as xanthomas, liver disease, platelet
dysfunction, and atherosclerosis. It is usually misdiagnosed
as Familial Hypercholesterolemia.

Transcriptional and Post Transcriptional Regulation

The transcriptional and post-transcriptional regulation of
ABCG5/ABCG8 transporters plays a critical role in
maintaining cholesterol and sterol homeostasis. The
regulation of sterolins is tightly controlled by the actions of
transcriptional factors, known as Liver X Receptor (LXR),
Liver Receptor Homolog 1 (LRH1), GATA-4 and Hepatocyte
Nuclear Factor 4a (NHF4q) [35,22,23]. It is seen that LXR
elevates the mRNA and protein levels of sterolins in the
liver and intestines, respectively. The process is triggered in
response to dietary cholesterol. This is driven by the
accumulation of oxysterols, which activate LXR and
promote transporter expression [35,23,26,39].

Besides it, FXR agonists with the help of bile acids
regulate the expression of ABCG5/G8. However, the
activation of FXR depends on the action of Fibroblast
Growth Factor 15/19 (FGF15/19), which is secreted in
response to bile acids [35,39,40]. The suppression of
expression is led by Constitutive Androstane Receptor
(CAR) agonists [39,30]. This process is incorporated due to
the elevation of bile acid levels.

Meanwhile, thyroid hormones also participate in
regulation of ABCG5/G8 expression. According to recent
studies, the hormones increase mRNA levels and enhance
biliary cholesterol secretion [8].

There are several uncertain factors during post-
transcriptional regulation, since not much has been studied
in this direction. The formation of heterodimeric complex
requires proper protein folding, which is facilitated by lectin
chaperones, including Calnexin and Calreticulin [39,10].
Dysfunction of those chaperones leads to assembly failure.
Thus, proteins will be degraded within the endoplasmic
reticulum.

Both ABC transporters contain two nucleotide-binding
composite sites. In this site, the Walker A motif of one NBD
is bound to the motif of the other NBD [12,42]. Since the
ATPase activity of the sterolins is central to their sterol
transport, mutations in these regions alter the function of
the transporters. Surprisingly, the mutation Walker A or
Walker B in ABCG5 inactivates biliary sterol secretion,
whereas corresponding mutations in ABCG8 do not affect
secretion [36].

In fact, females have higher biliary cholesterol levels
and increased transporter expression in comparison with
male. In recent studies on mice, ovariectomy caused a
reduction of ABCG5/G8 mRNA levels [5]. Thus, estrogen
replacement therapy restored these levels. The research
highlights the influence of estrogen on cholesterol
metabolism.

Missense mutations in ABCG5/G8 interfere with dimer
formation, stability and ability for transport. According to
VarSome platform, for the total of 685 known mutations of
ABCG5, 61.80% labeled as uncertain significance. The
same goes for ABCG8, among 766 known gene variants
62.30% labeled as uncertain significance [14]. The lack of
studies in this direction dramatically increases the relevance
of research area.

Phenotypic Overlap in Sitosterolemia and FH

Familial Hypercholesterolemia (FH) is a genetic
condition which is attributed to further development of
coronary heart disease, including myocardial infarction [20].
The persistently high level of low-density lipoprotein (LDL)
cholesterol is a primary cause of this disease. The reason
for serum LDL cholesterol elevation is directly associated
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with deleterious mutations of LDL receptor (LDLR), protein
convertase  subtilisin/kexin  type 9 (PCSK9) and
apolipoprotein B (APOB) [34,9,17]. It is clear that
ABCG5/G8 genes action indirectly related to FH associated
genes. However, there is a correlation between
sitosterolemia and FH. Since mutations of sterolins mimic
the FH phenotype [3]. This problem complicates the

detection, clinical manifestation and dietary requirements.
According to the recent studies conducted by Tada (2019),
comparison of lipid profiles classified into four groups based
on their genetic background (No  mutation”,
‘“ABCG5/ABCG8 mutation carriers”, “Monogenic FH”,
“ABCG5/ABCG8-oligogenic FH), there is an association
between mutations of ABCG/G8 and FH phenotype [32].

Table 1.
Summary of comparison of clinical features, diagnostic markers, and treatment outcomes in sitosterolemia patients
with FH condition.
Characteristic Sitosterolemia Familial Hypercholesterolemia (FH)
Rare autosomal recessive disorder due to Common autosomal dominant disorder,
Definition mutations in the ABCG5/ABCGS8 genes, leading often due to mutations in .the LDLR, APOB,
. . or PCSK9 genes, leading to elevated
to excessive absorption of plant sterols.
plasma LDL-C levels.
Inheritance Autosomal recessive Autosomal dominant
. ABCG5/ABCG8 genes LDLR, APOB, PCSK9 genes
Key Mutation

(responsible for sterol excretion)

(involved in LDL receptor function)

Typical Sitosterol

30-100 times higher than normal levels

Normal sitosterol levels

(often 200-300 mg/dL)

level (Normal: <1 pg/mL) (<1 pg/mL)
Significantly elevated (>190 mg/dL
LDL-C level Can be normal to moderately elevated in heterozygous FH, >400 mg/dL

in homozygous FH)

Total Cholesterol

Normal to mildly elevated

Markedly elevated
(often >300 mg/dL in heterozygous FH,

ove! (often 200-400 mgldl) >600 mg/dL in homozygous FH)
High-Density . .
Lipoprotein Normal or slightly decreased Typically normal or reduced

Key Biomarker

Elevated sitosterol (>5 pg/mL)

Elevated LDL-C (Low-Density
Lipoprotein Cholesterol)

Clinical Presentation

Tendon xanthomas, premature atherosclerosis,
arthralgia, hemolytic anemia

Tendon xanthomas, premature atherosclerosis,
arcus corneae, xanthelasmas

BISK of Elevated due to excessive plant sterol absorption |  High due to long-standing elevated LDL-C
Cardiovascular )
Di and subsequent cholesterol dysregulation levels
isease
Other Associated Hemolytic anemia, arthralgia, Coronary artery disease, peripheral artery
Conditions hepatosplenomegaly, joint pain disease, stroke

Diagnostic Clues

Highly elevated sitosterol levels in blood; genetic
testing confirming ABCG5/ABCG8 mutation;
normal or mildly elevated LDL-C.

Markedly elevated LDL-C in the absence of
secondary causes, positive family history,
genetic testing confirming LDLR, APOB, or
PCSK9 mutation.

Treatment Approach

Ezetimibe to block sterol absorption;
Bile acid sequestrants (cholestyramine,
colesevelam); Statins; Low-sterol diet.

Statins to lower LDL-C; ezetimibe; PCSK9
inhibitors; lifestyle and dietary modifications.

It is worth noting that significant differences are seen in
total cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C) levels across these groups. Group 3, characterized
by monogenic FH, displays the median total cholesterol at
310 mg/dL, whereas median TC level of ABCG5/ABCG8
carriers at 290 mg/dL. The same trend is shown with LDL-
C. Group 3 shows the median levels at 234 mg/dL, whereas
the median level of ABCG5/G8 carriers at 199 mg/dL. While
high-density lipoprotein cholesterol (HDL-C) levels remain
relatively consistent across all groups. This analysis
indicates that ABCG5/G8 mutations result in a less severe
FH phenotype compared to monogenic FH. However, the
slightly lower LDL-C and TC levels in ABCG5/G8 carriers
still show a significant risk factor for cardiovascular disease.
The findings suggest that ABCG5/G8 mutations exacerbate
lipid dysregulation and contribute to elevated serum sterol

levels. Thus, the data supports the hypothesis that
ABCG5/G8 mutations mimic the hypercholesterolemic
state. While oligogenic inheritance involving ABCG5/G8
mutations leads to a more pronounced disruption in
cholesterol metabolism. Since the median TC level reaches
370 mg/dL, and the median LDL-C level at 266 mg/dL,
respectively.

This analysis indicates that ABCG5/ABCG8 mutations
result in a less severe hypercholesterolemia phenotype
compared to monogenic FH. However, the slightly lower
LDL-C and TC levels in ABCG5/ABCGS8 carriers still
represent a significant risk factor for cardiovascular disease.
The findings suggest that although ABCGS5/ABCGS
mutations do not drive cholesterol levels as high as
monogenic FH, they exacerbate lipid dysregulation and
contribute to an elevated cardiovascular risk profile, likely
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due to combined effects of sterol accumulation and
cholesterol metabolism disruption.

Furthermore, this research provided the analysis of
sitosterol levels (ug/ml) across the same groups [32]. The
subjects of group 1 are without any mutations showing the
median sitosterol level of 2.89 ug/ml, serves as a baseline.
While group 4, which consists of both FH and ABCG5/G8
mutations, exhibits the highest median sitosterol level at
4.06 pg/ml, which is almost twice higher than group 1. The
difference between groups highlights the critical role of
ABCG5/G8 mutations in disrupting the regulation of serum
sterols, which accumulate to dangerously high levels in
patients.

Meanwhile, group 2, characterized by ABCG5/ABCG8
mutations without an FH mutation, also displays elevated
sitosterol levels, with a median of 3.96 ug/ml. This finding
shows that ABCG5/ABCG8 mutations alone are sufficient to
cause a marked increase in sitosterol, independent of an
FH mutation. The similarity in sitosterol levels between
Groups 2 and 4 suggests that the ABCG5/ABCG8
mutations are the primary drivers of plant sterol
accumulation in both oligogenic and monogenic cases of
FH.

Clinical features

Patients suffering from pathologies caused by mutations
in the ABCG5 and ABCGS8 sterolins face several clinical
problems. These conditions are associated with a wide
range of severity. Diseased cohorts may show increased
plant sterol absorption by 3-12-fold. This leads to elevation
of serum sterol levels by 30-100-fold [33,18]. There are
different cases including mild symptoms such as fatigue to
more serious conditions such as tendon xanthomas,
dyslipidemia, premature atherosclerosis. In clinical practice,
this creates difficulties in diagnosis.

Laboratory diagnosis relies on measuring elevated
levels of plant sterols like sitosterol and campesterol, often
detected using gas chromatography (GC) or high-
performance liquid chromatography (HPLC). More
advanced techniques such as LC-MS/MS are used for
higher diagnostic sensitivity. Genetic testing for mutations in
ABCG5 and ABCGS is also used to confirm the diagnosis.
Sitosterolemia is a rare sterol condition, the lack of
standardized treatment methods worsens the therapeutic
approaches due to some deleterious and missense
mutations mimic familial hypercholesterolemia phenotype,
worsening detection and therapy.

NPC1L1 is a membrane protein located in the small
intestine and liver. It absorbs cholesterol by transporting
dietary and biliary cholesterol from intestinal lumen into
enterocytes. Treatment of sitosterolemia involves the use of
ezetimibe, which blocks sterol uptake in the intestine by
targeting the NPC1L1 transporter [29,4]. Statins also are
used as a treatment. However, the NPC1L1 inhibitor
ezetimibe is the most effective cure for this disease. This
medication significantly reduces both cholesterol and plant
sterol levels [24]. In extreme cases, hepatic transplantation
has been shown to normalize sterol levels by restoring
proper function to ABCG5 and ABCG8 in the liver [19].

Conclusion

This review has provided examination of the
pathophysiology and molecular processes of sitosterolemia.
The focus was largely on ABCG5 and ABCG8 gene

mutations that dysregulate sterol transport. These
mutations disrupt the balance between dietary sterol
absorption and excretion. Inactivation of transporters leads
to excessive accumulation of serum plant sterols. This type
of disruption mostly results in the formation of xanthomas
and premature coronary artery disease.

The significant diagnostic challenge is its clinical
overlap with Familial Hypercholesterolemia. The similarities
in lipid profile abnormalities between these conditions can
obscure the correct diagnosis.

One of the key issues raised in this review is the lack of
attention to sitosterolemia in Kazakhstan, where lipid
metabolism disorders are not comprehensively studied.
Traditional cholesterol measurement methods are not
capable of examining plant sterol levels, necessitating the
use of tools like high-pressure liquid chromatography, gas
chromatography-mass spectrometry.

Thus, the findings underscore the critical need for
increased awareness, improved diagnostic capabilities, and
further research into the prevalence and impact of
sitosterolemia and FH.
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