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The hydroxylation of estradiol results in the fotima of catechol estrogens such as 2-hydroxyestré2liOHE,)
and 4-hydroxyestradiol (4-OHE These catechol estrogens are further oxidizeplittone metabolites by peroxidases
or cytochrome P450 (CYP450) enzymes. Catecholgesteocontribute to hormone-induced carcinogengsigberating
DNA adducts or reactive oxygen species (ROS). dstigly, many of the natural products found imbtjvorganisms
have been reported to show protective effects sgaarcinogenesis induced by catechol estrogetisodgh some
compounds have been reported to increase thetpofvtatechol estrogens via oxidation to quinoreatnolites, many
natural products decreased the activity of cateebibbgens by inhibiting DNA adduct formation, R@8duction, or
oxidative cell damage. Here we focus specificaliytite chemopreventive effects of these natural coms against
carcinogenesis induced by catechol estrogens.
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(CYP450), which may lead to the formation of DNAlads
INTRODUCTION or the generation of reactive oxygen species (RCS8)alieri
et al., 1997; Cavalieri et al., 2006). In additithe increased
Excessive exposure to estrogen increases thefisieast  level of quinone metabolites has been associateccauncer
cancer and other types of hormone-related canCate-  cell growth as well as DNA mutation or transforroatin
chol estrogens are active estrogen metabolitesiefbby ~ normal epithelial cells (Lareef et al., 2005; Carakt al.,
aromatic hydroxylation of primary estrogens atesitthe  2006).
C-2 (2-hydroxyestradiol; 2-OHJror C-4 position (4-hydro- Many natural products have been shown to exhibit pr
xyestradiol; 4-OHB); the 4-OHE has been suggested as a tective effects against catechol estrogen-indueediro-
more potent carcinogen than 2-OH@acLusky et al., genesis by inhibiting the formation of DNA adductghe
1981; Zhu and Conney, 1998). The catechol estrogens production of ROS. Moreover, some of the naturdl- su
further oxidized to quinone metabolites such asatel  stances have been reported to induce importantmergy
estrogen-2,3-quinone (CE-2,3-Q) and catechol estr8gl-  involved in the detoxification or conjugation ofteehol
qguinone (CE-3,4-Q) by peroxidases or cytochrome0OP45 estrogens and their quinone metabolites. Althowggtain
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Table 1.Chemopreventive effects of natural compounds tethal estrogen-induced carcinogenesis

Natural

compounds Experimental model Effects Ref
ch iol Molecular docking study  |human recombinant CYP1BL1 activity Takemura eRall0a
rysoerio
y MCEF-7 cells lformation of 4-OHE from 17B-estradiol Takemura et al., 2010b
Genistein MCF-7 cells texpression of MNnSOD Borras et al., 2006
Arandomized soy . . .
Isoflavone isoflavone intake study lgEgﬂ%iﬁ%ﬂﬁgro;géfgﬁ?ggm’ 4-OHE, Xu et al., 1998
(premenopausal women)
Lipoic acid/ lformation of depurinating estrogen-DNA .
Melatonin LC/IMS/MS adduct CE-3,4-Q Zahid et al., 2007
. . lproduction of CYP1B1 and 4-OHE
Quercetin MCF-10F cells {production of CYP1A1 and 2-OHE Mense et al., 2008
MCF-10A cells ”107'[3”_‘3;?2(1?;'2'0”5 and 4-OHg from Chen et al., 2004
LC/MS/MS, lformation of depurinating estrogen-DNA adduct Zahid et al., 2007;
MCF-10F cells CE-3,4-Q Zahid et al., 2011
texpression of NQO1
MCE-10E cells lf40_rom:|t:_|20(r)1rocf: Ié}l_%pz—rgatlng estrogen-DNA adducts from Zahid et al., 2008
tformation of methoxy-catechol estrogens
. lformation of depurinating estrogen-DNA adduct
Resveratrol MCF-10F cells TNI2 activity Lu et al., 2008
. lintracellular ROS formation
MCF-10A cells |oxidative DNA damage Chen et al., 2004
. 14-OHB-induced ROS production
MCF-10A cells 14-OHB-induced cell transformation Park etal, 2012
texpressions of Nrf2 and UGT1A8
Female Sprague-Dawley Telimination of catechol estrogens
rats |DNA damage Zhouetal., 2018
lpathological development of breast cancer
Sulforaphane MCF-10Acells lformation of depurinating estrogen-DNA adducts Yangl., 2013
Tocopherol MCE-10A cells texpression of DNA repair proteins, BRCA1 and PARP-1 Lee et al., 2009

TGSH/GSSG ratio

Abbreviations: CYP1B1; Cytochrome P450 1B1, 2-O}1E-hydroxyestradol, 4-OHE4-hydroxyestradiol, CE-3,4-Q; estrogen-3,4-quon
NQOL1; NAD(P)H:quinone oxidoreductase 1, Nrf2; naclactor erythroid 2-related factor 2, ROS; re@ctixygen species, UGT1AS;
UDP-glucuronosyltransferase 1A8, LC/MS/MS; liguld@matography/tandemass spectrometry, BRCA1; breast cancer suscey
gene 1, PARP-1; poly (ADP-ribose) polymerase-1, Gfiiathione, GSSG; glutathione disulfide

natural compounds have been shown to display cgenic

effect against cancers by increasing the actiitgstrogen,
this review focuses specifically on the protectffect of

natural products against carcinogenesis inducezhteghol

estrogens (Fig. 1, Table 1).

Effects of natural compounds on estrogen metabolizg
enzymes

have been reported in several studies. Some sthdies
described the harmful effects of certain naturahpounds
in women with breast cancer. Phytochemicals withtechol
structure such as quercetin, catechin, ar)eepicatechin
have been shown to reduce catechol-O-methyltrassfer
(COMT) activity in the cytosol of healthy mammaisgsties,
while other compounds without a catechol strucfgemei-
stein, chrysin, and flavone) showed no effect @anrsen

The effects of natural compounds on estrogen mietabo et al., 2004). Isoflavones, especially genisteith daizein,
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Catechol Estrogen 4-OHE,-
Induced Carcinogenesis

Fig. 1. Protective effects of natural compounds on catexdtmgen 4-OHEinduced carcinogenesis. 4-OHE metabolized by CYP1E
from 17B-estradiol and it is further oxidized to the gemaE-3,4-Q. During their redox cycling, ROS iegeroduced. The natural com
pounds shown in the figure indicate that each camghibits or promotes certain stages of thechateestrogen-inducezhrcinogenesi
4-OHE;: 4-hydroxyestradiol, CE: catechol estrogen, Q: quin@é450: cytochrome P450, ROS: reactive oxygeciepeNQO: NAD(P)F

quinone oxidoreductase.

significantly reduced the levels of both COMT mRBiAd
enzyme activity as well as the methylation of 4-QHE

2-OHE, (Mense et al., 2008). Resveratrol (3,4',5-trihygiro
stilbene), a phytoalexin present in grapes, styoregluced

human mammary adenocarcinoma MCF-7 cells (Lehmanithe formation of both 2-OHEand 4-OHEk from 17B-

et al., 2008). In addition, genistein and daizémudated the
formation of estrogen genotoxic metabolites andbited
the detoxification of catechol estrogens in MCFRellschby
suppressing the expression of COMT (Wagner 2@08).

estradiol (Chen et al., 2004). In addition, chryishea natural
methoxyflavonoid, selectively inhibited human retimant
CYP1B1 activity and prevented the formation of tare
genic 4-OHE from 17B-estradiol (Takemura et al., 2010a;

On the other hand, studies have reported thatahatur Takemura et al., 2010b).

compounds exert protective effects against estrogiced
carcinogenesis. In a randomized soy isoflavon&énstudy,
the urinary excretion of PBrestradiol, 4-OHE 2-OHE, and
other metabolites was significantly reduced in bothand
high isoflavone diets (Xu et al., 1998). Interagiincertain
natural products regulate estrogen metabolism tjgitimg
the production of CYP1B1-mediated 4-OHnd increasing
the production of CYP1Al-mediated 2-OklBuercetin, a
natural flavonoid found abundantly in fruits andje&bles,
decreased the production of CYP1B1 and 4-Qhihile
increasing the CYP1A1 metabolism and the produaifon
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Effects of natural compounds on the formation of
estrogen-DNA adducts

CE-3,4-Q and significantly smaller amounts of C&Q,
form depurinating DNA adducts such as 4-GiNE-guanine,
4-OHE-N3-adenine, and 2-OHE3-adenine (Cavalieri et
al., 2006). These DNA adducts result in apurirtessiand
the error-prone repair of the apurinic sites gensreritical
mutations triggering cancer (Gaikwad et al., 2007 for-
mation of catechol estrogen-derived quinones doeldre-
vented with certain natural compounds, such aglpad,



melatonin, and resveratrol. These natural prodhasts been
reported to inhibit the formation of depurinatirgiregen-
DNA adduct CE-3,4-Q (Zahid et al., 2007). Anothieidy
also reported that resveratrol effectively inhithitiee forma-
tion of catechol estrogen-DNA adducts (Zahid et24i11).
The levels of the depurinated adducts, 4-@NE-guanine

et al,, 2018).

Reduced glutathione (GSH) has been known to protect
cells from oxidative damage. The GSH/oxidativeaihibne
(GSSH) ratio is tightly regulated under normal gtods;
however, the ratio decreases under oxidative dondit
(Pastore et al., 2003; Lee et al., 2009; Zitkd.e2@12). It

and 4-OHE-N3-adenine, were also reduced by sulforaphanédjas been reported thatandy-tocopherols, which are abun-

an isothiocyanate found in cruciferous vegetablesd et
al., 2013).

Lowering the level of depurinating DNA adducts aslw
as reduction or detoxification of estrogen quinamey be
critical to reduce the risk of cancer initiatiorafdd et al.,
2008). The reduction of estrogen quinones is cadpy
NAD(P)H:quinone oxidoreductase 1 or 2 (NQO1 or NpO2
(Gaikwad et al., 2007). Resveratrol acts as ancidaf
NQOL1. It induced the expression of NQO1, decretized
formation of depurinating estrogen-DNA adducts from

dant in tree nuts, regulate the markers of oxidasivess
and the expression of DNA repair elements. The numa
breast epithelial MCF-10A cells treated with 4-Qlskowed

an increase in intracellular ROS formation and eretese

in the GSH/GSSG ratio. Howevestocopherol treatment
up-regulated the expression of DNA repair proteind
y-tocopherol treatment increased the GSH/GSSG Ipgtio
reducing the level of GSSG (Lee et al., 2009).

CONCLUSION

4-OHE, or CE-3,4-Q, and increased the formation of anti-

proliferative methoxy-catechol estrogens (Zahial.e2008).

Effects of natural compounds on catechol estrogen-
induced oxidative damage

The catechol estrogens, and their semiquinonesiier q
nones, undergo further redox cycling resultindvapgroduc-
tion of ROS. Excessive ROS production results idaiike
DNA damage or cell transformation, which incredakesisk
of cancer. Therefore, it is important to inhibié tbatechol
estrogen-derived ROS production. Genistein up-eted!
the expression of antioxidant enzyme manganeseesigiee
dismutase (MnSOD) (Borras et al., 2006) and reswtra
activated the nuclear factor erythroid 2-relatetbfe2 (Nrf2),

a representative transcription factor of antioxidarzymes,
by inducing the nuclear translocation of Nrf2 (ltal 2008).
Resveratrol attenuated the intracellular ROS faonmand
oxidative DNA damage induced by catechol estro¢@hen
et al., 2004). It also efficiently inhibited 4-OREduced cell
transformation as well as ROS production (Park,e2@12).
More recently, resveratrol has been reported i@ase the
expressions of Nrf2 and UDP-glucuronosyltransfelas&
This accelerated metabolic elimination of cateelstiiogens,
inhibited estrogen-induced DNA damage, and supgdess
the pathological development of breast canteno (Zhou
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Catechol estrogens act as endogenous tumor irstiato
when their quinone metabolites react with DNA tonfo
specific depurinating adducts (Cavalieri et al97)9 They
may also act as tumor promoters via ROS overprigtuct
leading to changes in gene expression associatadhei
progression or promotion of tumor growth (Park.e2809;
Parl et al., 2009; Fussell et al., 2011). Diveratunal pro-
ducts have been shown to exhibit anti-inflammatangi-
proliferative, or anti-metastatic effects in mayyets of cells
bothin vitro andin vivo (Yuan et al., 2006; Jiang and Liu,
2011). In this review, we focused specifically ba impact
of natural products on critical events of hormamduiced
carcinogenesis following exposure to catechol gstro

Considering the safety issues associated with otiowel
anti-cancer drugs, natural compounds extracted @iets
have been considered as an interesting altern@iaes et
al., 2012). Many studies suggest that certain algtunducts
may act as potential chemopreventive agents agaimst
monal cancer initiated by catechol estrogens. ®demtural
products have been shown to block most of theakiiteps
in estrogen-derived genotoxic pathways. They haenb
reported to inactivate catechol estrogens, inhfist pro-
duction of DNA adducts, or modify enzymes thatliittthe
oxidative cell damage.



Although dietary agents have undergone extensivme
anistic and preclinical studies, no such compourase
been approved for routine cancer treatment. Tige heauri-
ation in COMT activity or CYP profile between bretissue
samples is a hindrance to prediction of the effettm-
dividual exposure to natural compounds (Thompsah an
Ambrosone, 2000; Moon et al., 2006; Ji et al., 2008re-
over, the general mechanisms of certain compouedsoa
established and even the safety of highly condeatfaod
supplements is unclear. Therefore, in order togrevate-
chol estrogen-mediated carcinogenesis, it is negessin-
vestigate the precise mechanisms, determine tbedosages,
and obtain quantitative insights into the specifimposition
of natural substances.
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