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Annotation. Tamoxifen (TAM) (1-[4-(2-dimethylaminoethoxy)-phenyl]-1,2-diphenylbut-1(Z)-ene) is a non-steroidal selective estrogen
receptor modulator (SERM), which is recognized as the "gold standard" of hormone therapy for estrogen-dependent breast cancer
(BC). It is known that adjuvant treatment with TAM increases recurrence-free survival and overall survival in patients with hormone-
receptor-positive breast cancer. Also, tamoxifen manifests itself as a partial estrogen agonist, which can be associated with the
development of complications such as endometrial cancer, venous thromboembolism, etc. The presence of resistance and relapses
during TAM therapy, which reach up to 30%, remains an actual problem. Therefore, studying the mechanisms underlying the
individualization of both therapeutic effect and toxicity associated with TAM remains an important challenge. In the detoxification of
both TAM and its active metabolites, glucuronidation processes, which belong to the second phase of biotransformation of xenobiotics
and actively take place in the liver as well as in the mammary gland, play an important role, and therefore the study of this process can
contribute to the understanding of the interindividual variability of the therapeutic effect and toxicity of TAM. The aim - to analyze the
data of the scientific literature on the study of the influence of glucuronyltransferase (UGT) enzymes and their polymorphic forms on
the biotransformation of TAM and its active metabolites in the treatment of hormone-receptor-positive breast cancer. A retrospective
analysis of the literature of scientific databases Scopus, Web of Science, PubMed., MedLines for 2013-2023 was carried out. It is
possible to draw the following conclusions that UGT isozymes are responsible for the conjugation and detoxification of tamoxifen and
its metabolites in the form of glucuronides 4-OH-tamoxifen-N-glucuronide, 4-OH-tamoxifen-O-glucuronide and endoxifen-O-
glucuronide. UGT1A8, UGT1A10, UGT2B7, UGT2B15 and UGT2B17 isoforms played the greatest role in glucuronidation of tamoxifen
and its active metabolites, but UGT1A4 was recognized as the main one. Depending on the content of active TAM metabolites and their
glucuronides in the blood plasma, it can be stated that carriers of the UGT2B15 Lys523Thr and UGT2B17del alleles demonstrated
increased enzyme activity, and individuals with one variant UGT2B15 523Thr allele can even be considered superactive metabolizers
of 4-OH-tamoxifen-O- glucuronide and endoxifen-glucuronide. Also, high levels of 4-OH-tamoxifen-N-glucuronide were observed in
carriers of the allele of the UGT2B17del genotype. Carriers of the above alleles have high activity of glucuronidation processes and low
levels of active metabolites of TAM, which calls into question the rationality of prescribing TAM as hormone therapy. In contrast,
patients with UGT1A4 48Val, UGT2B7 268Tyr alleles, or with wild-type genotypes for UGT2B17 nodel and UGT2B15 523Lys, will have
high levels of active metabolites and are the group of choice for tamoxifen therapy in estrogen-receptor-positive breast cancer
because they will have a low rate of glucuronidation and detoxification. However, in order to create a system of clinical algorithms for
the formation of tamoxifen-sensitive groups of patients, further detailed study of other possibilities of the biotransformation system in
the metabolism of tamoxifen is required.
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Introduction

Breast cancer (BC) is a major medical, social and
ethical problem. Every minute, up to 3 cases of breast
cancer are registered in the world, and unfortunately, more
than one thousand people die from this pathology. In
Ukraine, over the past 20 years, the number of cases of
breast cancer has increased by almost 2.8 times, and the
morbidity and mortality rates from breast cancer are much
higher compared to other countries of the world by 45%
and 56%, respectively. Of great importance in the treatment
of this disease is hormone therapy, the "gold standard" of
which is tamoxifen, which belongs to selective estrogen
receptor modulators (SERMs). But the complexity of
predicting therapeutic and toxic effects against the
background of a significant percentage of resistance in
patients requires a detailed understanding of all processes

of TAM metabolism. The therapeutic effect of TAM therapy
is determined precisely by its active metabolites formed
after the first phase of biotransformation of xenobiotics. In
the detoxification of active metabolites, an important role is
played by the system of glucuronyltransferase enzymes,
which is one of the most powerful in the second phase of
metabolism of xenobiotics and can significantly affect the
rate of detoxification and, accordingly, the therapeutic effect
of TAM.

The aim - to analyze the data of the scientific literature
on the study of the influence of glucuronyltransferase (UGT)
enzymes and their polymorphic forms on the
biotransformation of TAM and its active metabolites in the
treatment of hormone-receptor-positive breast cancer.
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Materials and methods

A retrospective analysis of the literature of scientific
databases Scopus, Web of Science, PubMed., MedLines
for 2013-2023 was carried out.

Results. Discussion

The main ways of detoxification and elimination of TAM
and its active metabolites are conjugation reactions of the
second phase of xenobiotic metabolism, such as sulfation
and glucuronidation (the process occurs due to the
conjugation of TAM and its active metabolites with glucuronic
acid) [1, 2, 6, 7, 9]. TAM and 4-OH-TAM undergo N-
glucuronidation, while O-glucuronidation is characteristic
of 4-OH-TAM and endoxifen [2, 7, 22, 28]. These TAM
glucuronide conjugates were determined by researchers
in the urine and plasma of patients with breast cancer who
received TAM endocrinotherapy [6, 7, 28].

The human UGT1 and UGT2 gene families are known
to encode 19 transcripts that have been identified in many
tissues. UGT1 isoforms are encoded by one gene locus
on chromosome 2-q37 [7, 12, 23]. Thus, UGT1A isoforms
have more than 50% sequence homology with each other,
but less than 50% identity with members of the 2B family.
UGT1A isoforms are synthesized by alternative splicing of
a unique exon 1 to common exons 2-5. Approximately two-
thirds of the lumenal domains of the proteins are encoded
by the UGT1A locus. The structure of the enzyme is encoded
by the first nine functional exon "cassettes" (UGT1Al and
UGT1A3-10) and three non-functional exon 1 sequences
(UGT1A2, UGT1A11, and UGT1A12), which encode unique
N-terminal domains. Common exons 2-5 encode a UDP-
glucuronic acid (UDP-GA) binding site and the remainder
of the lumenal domain, which is identical in all UGT1A family
members [12, 23, 29]. The human UGT2 gene family is
divided into two subfamilies, UGT2A and UGT2B. In contrast
to the UGT1 family, most UGT2 genes are represented by
six exons that are not shared among UGT2 family
members. UGT2 genes are located on chromosome 4-
g13. Much attention to the study of the UGT2 family is due
to the number of isoforms of the UGT2B subfamily [ 28,
30,].

Polymorphic variations of the coding region of UGT
genes are associated with changes in both UGT
expression and enzyme activity, which can significantly affect
the processes of glucuronidation of endo- and exogenous
xenobiotics [15, 25]. It was shown that among the many
UGT isoforms involved in TAM detoxification (including
UGT1A8, UGT1A10, and UGT2B7), UGT1A4 was identified
as the main UGT isoform involved in the glucuronidation of
TAM and its metabolites. UGT2B7 demonstrated the highest
affinity and activity for trans-4-hydroxytamoxifen [ 26, 16,
30]. The UGT1A4 gene encodes an enzyme that catalyzes
the formation of a glucuronide bound by quaternary
ammonium to TAM [4, 7, 8, 18]. Two unlinked m issense
polymorphisms were identified in this gene: in codon 24
Pro>Thr (rs6755571) and in codon 48 Leu>Val

(rs2011425). Individuals homozygous for UGT1A4 48VAL
demonstrated significantly lower mean concentrations of
both TAM glucuronide metabolites compared to individuals
with the wt/wt plus wt/48Val genotype. The effect of the
above-mentioned polymorphisms on the speed of the
enzymatic reaction also depends on which of the TAM
metabolites undergoes glucuronidation [18].

At the same time, there are contradictory, ambivalent
results. Data from in vitro studies indicate similar rates of
glucuronidation of TAM as a substrate in the presence of
both polymorphic alleles (UGT1A4 24Thr and UGT1A4
48Val) as well as by the wild-type enzyme [32]. This was
confirmed by the absence of differences in the
concentrations of TAM metabolites between the two
UGT1A4 genotypes (SNP UGT1A4 24 Thr and UGT1A4 48
Val) in the blood plasma of patients [33]. However,
individuals homozygous for UGT1A4 48 Val had significantly
lower mean concentrations of 4-OH-TAM-O-Gluc and
endoxifen-Gluc than wt/wt plus wt/48Val subjects. Low
activity of trans-4-hydroxytamoxifen glucuronidation was
also observed in carriers of the UGT1A4 24Thr/48Leu allele
[4, 8, 18].

Data from numerous experimental studies indicate that
glucuronidation activity for the trans-isomers of 4-
hydroxytamoxifen or endoxifen is not detected in individuals
with the UGT1A8 allele, 173Ala/277Tyr, while
glucuronidation activity for TAM in carriers of the UGT1A8
173Gly/ Allele 277Cys or UGT1A10 139Lys did not change
compared to the values of wild-type carriers. UGT2B7 is
the main liver enzyme responsible for O-glucuronidation of
trans-isomers of 4-OH-TAM and endoxifen [2, 7]. In various
studies of the enzyme UGT2B7, which is located in the
epithelium lining the ducts of the mammary glands,
significant individual variability in its activity has been shown.
There are different data on the activity of glucuronidation in
the case of a missense polymorphism of the UGT2B7 gene
in which the amino acid tyrosine replaces histidine at
position 268 (rs 7439366) [7, 10]. Some authors did not
obtain a correlation between the concentrations of endoxifen
or 4-OH-TAM in blood plasma in carriers of the UGT2B7
268Tyr allele [2, 28], in contrast to others, who claim a
significant tendency to decrease 4-OH-TAM O-
glucuronidation with an increase in the number allele
UGT2B7 268Tyr. Individuals homozygous for the UGT2B7
268Tyr allele showed average substrate/product ratios for
4-OH-tamoxifen/4-OH-tamoxifen-O-glucuronide and 4-OH-
tamoxifen/4-OH-tamoxifen-N-glucuronide, indicating
reduced activity glucuronidase in contrast to wild-type
homozygotes or polymorphism heterozygotes. However,
carriers of the UGT2B7 268Tyr allele showed a decrease
in glucuronidation activity for the trans-isomers of 4-
hydroxytamoxifen and endoxifen compared to wild-type
UGT2B7 268His [2, 31, 34]. Carriers of the wild-type
UGT2B7 268His allele showed significantly higher
glucuronidation activity to trans-4-hydroxytamoxifen and
trans-endoxifene compared to the UGT2B7 268Tyr variant.
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The UGT2B15 isoform was originally identified as a potent
androgen steroid glucuronidator. However, its participation in
the metabolism of not only endo but also exogenous
xenobiotics has been shown [5, 21, 31]. Two non-
synonymous polymorphisms in the UGT2B15 gene,
Asp85Tyr (rs1902023) and Lys523Thr (rs4148269), most
likely have little effect on the detoxification of TAM and its
active metabolites, although there are data on studies of
carriers of the Lys523Thr UGT2B15 polymorphism, which
indicate changes in the glucuronidation activity of TAM itself in
carriers of this polymorphism [5, 21, 30, 31]. The authors
claim that carriers of the UGT2B15 Lys523Thr and
UGT2B17del alleles are associated with a possible increase
in enzyme activity and substantiate their data by the fact that
the main hepatic isoform of UGT2B17 carries more than 95%
of the amino acid sequences in common with UGT2B15 and
has a similar substrate specificity. Such a high sequence
identity between UGT2B15 and UGT2B17 suggests that the
genes arose as a result of duplication. Thus, patients with
one variant allele of UGT2B15 523Thr demonstrated
significantly higher levels of 4-OH-tamoxifen-O-glucuronide
and endoxifen-glucuronide, possibly indicating the effect of
variation in the number of gene copies [5, 21, 31].

Also, high levels of 4-OH-tamoxifen-N-glucuronide were
observed in the blood plasma of UGT2B17del genotype
carriers, which can be attributed to a mechanism that
compensates for the higher expression of other genes in
UGT2B17 del/del carriers [30]. In addition, studies have
shown that the activity of UGT1A10 and UGT2B7 was
reduced in malignant breast tumors compared with the
corresponding enzymes in normal breast tissues [7, 10,
27, 20]. Also, the glucuronidation activity of estradiol, the
most physiologically active form of estrogen, was reduced
in most cases of breast cancer compared to normal breast
tissue [11, 14, 27].

For quite a long time, studies of TAM metabolism
features were focused on the role played by genetic
changes in biotransformation system enzymes (insertions,
deletions, and mutations) that affect their activity and/or
expression [14]. However, it is now recognized that
epigenetic mechanisms also play an important role in the
functioning of TAM metabolism enzymes [24]. One of the
main epigenetic mechanisms is DNA methylation. DNA
hypermethylation of CpG-rich regions (also known as CpG
islands) located in the promoter region of many genes of
biotransformation enzymes also leads to changes in their
expression and activity. Studies are currently underway to
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BNNIUB NONIMOP®I3MIB ®EPMEHTIB POAVHU YO®-TMIOKYPOHITTPAHC®EPA3 HA BIOTPAHC®OPMALIIO
TAMOKCU®EHY NPWU TEPANII NIOMIHANTbBHUX ®OPM PAKA MOJIOYHOI 3ANO3U

Opyenko I1. O., lWikapyna B. M., Kayyna C. O., KakapbkiH O. 51, Koeanb4yk A. 1., Koeanbyyk b. I1., lleyegaucmuii O. M.,
®inbyykoe [. O.

AHoTauifa. TamokcugpeH (TAM) (1- [4-(2-OumemunamiHoemokcu)-geHin]-1,2- dugerinbym-1(Z)-eH) uye HecmepoidHUl cernekmueHul
modynsimop ecmpozeHosux peuenmopie (SERM), skul eusHaHul "3onomum cmaHOapmom" 20pMOHomeparnii ecmpo2eH3anexHo20
pakKy monoyHoi 3ano3u (PM3). Bidomo, wo ad'toeaHmHe nikyeaHHsi TAM 36inbwye 6e3peyudusHy 8uxueaHicmb i 3a2arnbHy 8UXU-
8aHicmb y nauieHmoK 3 20pMOHasbHO-peyenmop-no3umusHum PM3. Takox mamokcugheH nposienisie cebe i ik 4acmkosul ecmpozeH-
azoHicm, wo Moxe 6ymu rog'si3aHo 3 PO3BUMKOM yCKnaOHEeHb Makux K pak eHdomempito, eeHo3Ha mpomboembonis ma iH. Akmyarb-
HOW Mpobnemoro nuwaemscsi HasisHicmb pe3ucmeHmHocmi ma peuyudisie npu mepanii TAM, ski cseatomb 0o 30%. ToMy 6UBYEHHS
MexaHiamig, Wo nexamb 8 OCHo8i iHOugiOyanizauii Sk ikyeanbHO20 eghekma mak i mokcu4yHocmi, nog'asaHoi 3 TAM, 3anuwaemscs
saxnueoro npobnemoro. B demokcukauii sk TAM, mak i tio2o akmusHUX memabornimie 6eriuKky porib eparmb MPOUECU /110Ky POHiI3auil,
sKi 8iOHocsimbcsi 0o Opyeoi hasu biompaHcghopmauii KceHobiomukig | akmueHO MPOXodsimb 8 MeYiHYi, a8 MakoX 8 MOJIOYHIU 3ano3i i
MOMYy 8UBYEHHST Ub020 MPOUeCcy MOXe Crpusimu pOo3yMiHHIO MiKiHOUBIOyanbHOI MiHmIuU8oCmi IiKy8asrbHO20 egheKkmy i mokcu4yHocmi
TAM. Mema - npoaHanisyeamu OaHi Haykogoi nimepamypu wo00 8UBHEHHS ernusy ¢hepmeHmig entoKypoHinmpaHcgpep3 (UGT) ma ix
rnonimopghHux ¢hopm Ha biompaHcehopmauio TAM ma tio2o akmusHUX memabonimie npu meparii 20pPMOHaIbHO-peyernmop-no3umus-
Ho20 PM3. lposedeHuli pempocnekmusHuUl aHani3 nimepamypu Haykogux 6a3 Scopus, Web of Science, PubMed., MedLines 3a 2013
- 2023 poku. Moxnueo 3pobumu HacmyrHi 8UCHOBKU, wo isocpepmeHmu UGT egidnosidanbHi 3a KOH'102auito ma 0emoKcuKauito mamok-
cugeHy ma loz2o memabornimie y auansadi entokypoHidie 4-OH-mamokcugeH-N-enokypoHidy, 4-OH-mamokcugeH-O-2moKypoHidy i
eHOokcugheH-O-2noKypoHidy. Halbinbwy ponb 8 2noKypoHizauii mamokcugheHy ma U020 akmueHux memabonimie manu i3ogoopmu
UGT1A8, UGT1A10, UGT2B7, UGT2B15 m UGT2B17, ane ocHosHotw 6yno esusHaHo UGT1A4. B 3anexHocmi 8id emicmy & nna3mi
Kposi akmusHux memabornimie TAM ma ix antoKypoHidie MOxXHO cmeepdxysamu, wo Hocii anenie UGT2B15 Lys523Thr ma UGT2B17del
npodemMoHcmpyeanu nidsuweHy akmueHicme ¢hepmeHmy, a ocobu 3 o0HUM eapiaHmHum anenem UGT2B15 523Thr mMoxHoO Hagimb
g8gaxkamu cynepakmusHuMu memabonizamopamu no 4-OH-mamokcugheH-O-enoKypoHidy ma eHOOKCcUgheH-2moKypoHIiOy. Takox eu-
CoKi pigHi 4-OH-mamokcugpeH-N-enokypoHudy criocmepizanucsi y Hociie anernto UGT2B17del eeHomuny. Ocobu Hocii suujeskasaHux
anenie Malmp 8UCOKY aKmueHiCmb MPoUecie 2/MoKypoHi3auii i HU3bKU pieHi akmueHux memabonimie TAM, wo cmasumb nid CymHig
pauioHanbHicmb rpusHadyeHHs: TAM y sikocmi 2opmoHomepanii. Hasnaku, nayienmu 3 anensamu UGT1A4 48Val, UGT2B7 268Tyr abo
3 eeHomunamu Oukozo muna 0ns UGT2B17 nodel ma UGT2B15 523Lys, 6ydymb Mamu 8uUCOKi pigHi akmusHUx memabosimis i €
epyroto subopy Ons mepanii mamMoKCUgheHOM ecmpoe2eH -peuenmop -rno3umueHO20 pakKy MOJIOHYHOI 3ar03u, OCKinbku 6ydymb mamu
HU3bKY weudkicmb 2rtoKypoHidauii i demokcukauii. OOHaK Ornisi CMEOPEHHS cuCMeMU KIiHIYHUX aneopummig no ¢hopMy8aHHIO MaMoOK-
cugeH yymnueux epyn nayieHmie nompibHo nodanbwe demarnbHe 8UBYEHHS i IHWUX Moxusocmel cucmemu biompaHcghopmauii 8
memabonismi mamokcugeHa.

KniouoBi cnosa: mamokcugpeH (TAM), 6iompaHcehopmauia, YA®- anokyporinmpaHcgepasa (UGT), pak MonoyHoi 3ano3u; ¢apma-
KOo2eHemuka.
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