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“An ounce of prevention is worth a pound of cure”, Benjamin Franklin



Transformation of normal breast tissue to ductal carcinoma in situ to invasive ductal carcinoma. 

Genomic, 

Metabolomic, 

Epigenetic Factors











*Hydroxylation: CYP17A1 (17a-Hydroxylase) catalyzes

✓ Pregnenolone→DHEA* (major, ovary)

✓ Progesterone→Androstenedione (minor)

rs743572 SNP G/G (A/A) increased activity associated with inc PCOS, 

infertility, endometriosis, breast cancer (HT x10yrs)

*Aromatization: CYP19A1 (Aromatase) converts Androgens to 
Estrogens (E1/E2)

✓ Androstenedione→Estrone

✓ Testosterone→Estradiol (major, adipose tissue)

rs10046 SNP T/T allele associated with increased aromatase activity, higher 
levels of circulating estrogen in preMP women, POF, PostMP BC. C/C allele 
associated with lower levels estrogen in postMP women, dec PostMP BC. 





Phase I 

Estrogen Hydroxylation

✓ Cytochrome p450

✓ REDOX

✓ CYP1A1 (2-OHE)

✓ CYP3A4 (16a-OHE)

✓ CYP1B1 (4-OHE)

Phase II

Estrogen Conjugation

✓ Methylation (COMT)

✓ Glutathionization (GST)

✓ Glucuronidation (UGT)

✓ Sulfation (SOD2)

✓ Acetylation



Phase 1 involves the hydroxylation of Estrone
and Estradiol via the cytochrome P450 system 
through REDOX reactions. Catechol estrogen 
intermediates have variable estrogenic potential.

- CYP1A1 (2-OHE)

++ CYP3A4 (16a-OHE)

+++  CYP1B1 (4-OHE)





✓ CYP1A1: 2-OH Estrogens are inert, exert negative 
feedback, activates genotoxic polyaromatic
hydrocarbons (smoke)

✓ CYP3A4: 16a-OH Estrogens are proliferative, 
estrogenic, activates ER, mutagenic, carcinogenic. 
Induced by GCC, smoking, EtOH, OC, SJW and 
inhibited by grapefruit

SNP rs2740574 G/G increased activity associated with early menarche, BC, 
EC, PC in men.



The 2:16 Estrogen Metabolism Ratio predicts BC in premenopausal women.





✓ CYP1B1 expressed in breast tissue

✓ Hydroxylates to 4-OH Estrogens

✓ Proliferative, Estrogenic

✓ Forms Estrogen-3,4-Quinones

✓ Activated by CEE, benzopyrene, polyaromatic HC, 
dioxins, , industrial cleaners (PFAS, ScotchGaurd)

✓ Activating SNP G/G associated with ER+ BC

SNP rs1056836 G/G 3x increased activity, C allele more common 
in SEA women, induced by toxins, high BMI, CEE



✓ Estrogen-3,4-Quinones are highly carcinogenic

✓ Potentiated by oxidative damage and EDC exposure

✓ Genotoxic: DNA breaks/adducts

✓ Mutagenic: depurinate DNA 

✓ Carcinogenic: high levels in BC and HR breast tissue

✓ Induction & Propagation of BC

✓ Increased risk hormone responsive BC



4-hydroxy Estrogens and Breast Cancer Risk



BRCA, CHEK

BRCA1 functions as a whole genome repair system. When impaired by SNPs or 

with aging the carcinogencity of estrogen quinones may be augmented.



✓ Genetic SNP (3x)

✓ Obesity

✓ CEE

✓ Smoking

✓ Benzopyrene

✓ Polyaromatic HC

✓ Dioxin Herbicides

✓ Industrial Cleaners 
(PFAS/ScotchGaurd)



High levels of Estrogen-DNA adducts before the 

presence of breast cancer indicates that adduct 

formation is a critical factor in breast cancer initiation.





Phase II involves the inactivation 
of catechol estrogens (CE) formed in 
Phase I CYP P450 hydroxylation. 
Conjugation increases solubility, 
hydrophilicity of CEs and enables 
renal and biliary excretion

✓ Methylation (COMT)

✓ Glutathionization (GST)

✓ Glucuronidation (UGT)

✓ Anti-oxidation (SOD2)



✓ COMT major metabolizer of CE as well as 
catecholamines, NT, xenobiotics, Rx

✓ Methylated 2-OH Estrogens are anti-estrogenic, 
protective, anti-proliferative (ER)

✓ Lower levels of methylation of 4-OHE 
associated with increased risk BC

SNP rs4680 A/A lower level activity, less methylation, strongly influenced 
by lifestyle factors to increase risk BC, Obesity, Folate deficiency potentiate 
risks and genotoxicity





*Polymorphisms in genes encoding enzymes of 
folate metabolism confer BC risk due to their role 
in DNA methylation, synthesis and repair.

*MTHFR polymorphisms are associated with 
breast cancer risk when co-existent with 
methionine synthase (MTR) polymorphisms in 
the heterozygous state.”
Anticancer Res. 2012 Nov;32(11):4805-11



✓ GST conjugates reduced glutathione to 
quinones and semiquinone by-products of CE 
metabolism. GSTT1 is dominant form subject to 
CNVs. GSTT1 inactivates heavy metals, 
pharmaceuticals, xenobiotics, and ROS

✓ GSTT1: null poor detoxification, single is most 
common and CNVs of 2 or higher associated 
with increased inactivation of CE

✓ GSTM1, GSTP1 accessory pathways, subject to 
SNP variations





✓ Lifetime Estrogen Burden: early menarche, late MP

✓ Endogenous Estrogen Levels: 2-3x inc BC

✓ Circulating Primary Hormones: SHBG, DHEAS

✓ Genetic Variations in Estrogen Biosynthesis 
(Aromatase) and Receptor binding (ERb)

✓ Genetic Variations in Estrogen Metabolism: CYP1B1, 
CYP1A1, COMT, GST

✓ Methylation Status: COMT, MTHFR, MTR, Hg, Mg

✓ Circulating Estrogen Metabolites: 16-OHE1, 4-OHE

✓ Urinary 2:16 Ratio: dec risk BC OR 0.74 

✓ Estrogen DNA adducts: predicts BC risk





Tagging

Scaffolding



Ghisari M, et al. Polymorphism in Phase I and II genes and breast cancer risk and relations to persistent organic pollutant 

exposure: a case-control study in Inuit women. Environmental Health. 2014. March. 13:19.



BPA and DES are EDCs that are associated with increased breast

cancer risk through direct and indirect effects; with estrogen receptor

modulation and imbalancing of estrogen metabolism as well as

epigenetic effects in estrogen biosynthesis and metabolism.



“BPA displays weak estrogenic properties and could be
a weak carcinogen by a mechanism similar to that of
estrone (E(1)), estradiol (E(2)) and the synthetic estrogen 
diethylstilbestrol, a human carcinogen…..

The catechol of BPA may alter expression of estrogen activating
and deactivating enzymes, and/or compete with methoxylation
of 4-OHE(1)(E(2)) by COMT, thereby unbalancing the metabolism
of estrogens to increase formation of E(1)(E(2))-3,4-Q and the 
depurinating estrogen-DNA adducts leading to cancer initiation.

Thus, exposure to BPA could increase the risk of developing 
cancer by direct and/or indirect mechanisms".





A Functional 

Approach to optimize 

Estrogen BioSynthesis

and Metabolism.



✓ 17-hydroxylase (CYP17A1): ETOH, insulin, 
E2, PCOS, smoking, azoles

✓ Aromatase (CYP19A1) Induction: ETOH, 
BMI, IR, zinc deficiency, BPA, TCC

✓ Aromatase Inhibition: isoflavones, flax, 
EGC, vitC, chrysin, flavinoids/stinging nettles, 
azole Rx, metformin



✓ CYP1A1: crucifers, I3C, DIM, flax, kudzo, soy, 
caffeine, rosemary, exercise, T4

✓ CYP3A4: pesticides, smoking, Rx, OCP, CEE, 
HoT4, *grapefruit inhibits

✓ CYP1B1: Polycyclic aromatic hydrocarbons, 
smoking, dioxin, TCC, PCBs, PFAS *grapefruit, 
hops inhibit



✓ COMT: Hg, HC, Def MTHF, smoking, ROS 
inhibits. +Mag, Methyl donors, B vit support

✓ SOD: smoking, ROS inhibits. +Vit E, A, C, 
selenium, curcumin, NAC, EGCG, polyphenols, 
lycopene, ALA support.

✓ GST: +curcumin, glutathione, NAC, selenium

✓ UGT: dysbiosis, constipation block. +fibre, flax, 
lignans, biliary secretagogues







Questions?

Contact:

drpearlman@pearlrejuvenation.com


