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According to Breastcancer.org
• 1 in 8 women will develop invasive breast cancer in her lifetime

• As of January 2021, there are more than 3.8 million women with a history of breast 
cancer in the U.S., including women currently being treated and women who have 
finished treatment

• It’s the most commonly diagnosed cancer among American women

• In women under 45, breast cancer is more common in Black women than white women. 
Overall, Black women are more likely to die of breast cancer dt aggressive cancer

• 5-10% are associated with known genetic mutations like BRCA

• 85% of women with breast cancer have no family history!
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Breast Cancer

Breast cancer is an unfortunate combination 

of genetics, hormones, lifestyle, and 

environmental factors.
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The Objective of the Webinar

Understand key markers in the DUTCH test 

and how they related to breast cancer in order 

to possibly mitigate risk.
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Key DUTCH Markers and Breast Cancer
1. Estrogen excess

2. Phase 1 metabolites: 4-OH-E1 and 16-OH-E1

3. Phase 2 metabolite: methylation

4. Cortisol Pattern

5. Melatonin

6. Pyroglutamate

7. 8OHdG
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Key DUTCH Markers and Breast Cancer
• Please remember, if one or some of these markers are 

concerning, it does not always immediately indicate cancer. 

There is no absolute.

• Take these results into consideration with the individual in front 

of you.

©2021 Precision Analytical Inc 11



Key DUTCH Markers and Breast Cancer
1. Estrogen excess

2. Phase 1 metabolites: 4-OH-E1 and 16-OH-E1

3. Phase 2 metabolite: methylation

4. Cortisol Pattern

5. Melatonin

6. Pyroglutamate

7. 8OHdG

©2021 Precision Analytical Inc 12



©2021 Precision Analytical Inc 13



Does estrogen cause cancer?
Should someone take estrogen?
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Dense Breasts and Estrogen
• Dense breast = high amounts of glandular and fibrous tissue, lower 

amounts of fat tissue

• Dense breast tissue as seen on mammogram have an increased risk 
of breast cancer

• >75% density have 4-6x the risk of cancer

• In a 2018 study, estrogen (ERT) use was not associated with dense 
breasts/breast cancer but estrogen + progestin was associated

• Azam S, Lange T, Huynh S, et al. Hormone replacement therapy, mammographic density, and breast cancer risk: a cohort study Cancer Causes Control. 2018; 29(6):495-505.
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Androgen Excess and Estrogen?
• “Elevated circulating androgen levels are consistently associated with increased 

breast cancer risk, but the underlying mechanism of action is unclear.”

• “In breast tumors, AR expression has been detected in up to 85% of cases, although 

this varies by breast cancer subtype; while almost all ER+ cancers express AR, only 

10–35% of triple negative (ER-/PR-/HER2-) breast cancers express AR.”
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• “Elevated levels of circulating postmenopausal androgens (androstenedione and testosterone) and androgen 

precursors (dehydroepiandrosterone (DHEA) and its sulfated form (DHEAS)) increase breast cancer risk, with 

women in the top quartile of these hormones at 2–3 fold increased risk versus women in the lowest quartile. 

Because these androgens are the obligate precursors for estrogens, it is not known whether their observed effect 

is independent of the estrogen association. In addition, epidemiologic studies have not examined the functional 

role of androgen metabolites synthesized within the breast. Indeed, the normal breast contains the steroidogenic 

enzymes needed to convert circulating precursors to biologically active forms, with the derived 5α-reduced 

androgens, particularly dihydrotestosterone (DHT), being the most potent. In women, however, levels of 

circulating DHT are often below assay detection, and do not reflect peripheral 5α-reductase activity. Rather, 

androsterone glucuronide (ADT-G), a distal metabolite of DHT, together with androstanediol glucuronide 

(found as 2 isomers: 5α-androstane-3α,17β diol-3-glucuronide (3α-diol-3G) and 5α-androstane-3α,17β diol-17-

glucuronide (3α-diol-17G)), have been shown to reflect total tissue-level androgenic activity better than the 

proandrogens (eg, testosterone, androstenedione, etc.).”
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Yes. We test that.
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What about Progesterone?
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Progesterone: It’s Complicated
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Let’s Focus on 
Estrogen Metabolism
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Key DUTCH Markers and Breast Cancer
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2. Phase 1 metabolites: 4-OH-E1 and 16-OH-E1
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4. Cortisol Pattern

5. Melatonin
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7. 8OHdG
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Estrogen Metabolite: 2-OHE1
• CYP1A activity primarily in the liver, but also extra-hepatically

• Considered the “less carcinogenic” toxic metabolite

• Binds to ERs with less affinity, not as tightly

• Forms ‘stable’ adducts with DNA – less likely to result in 

mutations
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Estrogen Metabolite: 4-OHE1
• CYP1B1 activity primarily in the breast, ovary, uterus, lung and kidney, 

minorly in the liver

• Binds to the estrogen receptor with higher and tighter affinity than 
2-OHE1 but not as much as 16-OHE1

• Are considered free radicals in their semi-quinone or quinone states

• Considered much more carcinogenic because they form ‘unstable’ 
or ‘depurinating’ adducts – resulting in increased risk of mutation

• However, this is mixed in some literature
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Estrogen Metabolite: 16-OHE1
• Metabolite of Estrone (via CYP3A4) that can also become Estriol

• Binds tightly/high affinity for the estrogen receptor

• It is thought to be proliferative and can stimulate cell proliferation 

in someone with breast cancer
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Citations:
• Sisti JS, Hankinson SE, Caporaso NE, et al. Caffeine, coffee, and tea intake and urinary estrogens 

and estrogen metabolites in premenopausal women. Cancer epidemiology, biomarkers & 
prevention : a publication of the American Association for Cancer Research, cosponsored by the 
American Society of Preventive Oncology. 2015; 24(8):1174-83. [pubmed]

• Sampson JN, Falk RT, Schairer C, et al. Association of Estrogen Metabolism with Breast Cancer 
Risk in Different Cohorts of Postmenopausal Women Cancer Res. 2017; 77(4):918-925.

• Tsuchiya Y, Nakajima M, Kyo S, Kanaya T, Inoue M, Yokoi T. Human CYP1B1 is regulated by 
estradiol via estrogen receptor. Cancer research. 2004; 64(9):3119-25. [pubmed]

• Cavalieri E, Rogan E. The 3,4-Quinones of Estrone and Estradiol Are the Initiators of Cancer 
whereas Resveratrol and N-acetylcysteine Are the Preventers IJMS. 2021; 22(15):8238-.

• Eliassen AH, Missmer SA, Tworoger SS, Hankinson SE. Circulating 2-Hydroxy- and 16α-Hydroxy 
Estrone Levels and Risk of Breast Cancer among Postmenopausal Women Cancer Epidemiol 
Biomarkers Prev. 2008; 17(8):2029-2035.
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Estrogen Metabolite: 2-MethoxyE1
• 2-OHE1 is methylated via COMT (using SAM and Mg)

• Low methylation can lead to phase 1 metabolites heading down the 
Quinone/adduct pathway.

• Considered anti-proliferative through microtuble disruption, 
apoptosis induction and angiogenesis inhibition 

• Considered to have anti-aromatase activity 

• Not thought to bind to the estrogen receptor (much)
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Citations:
• Lakhani NJ, Sarkar MA, Venitz J, Figg WD. 2-Methoxyestradiol, a promising anticancer 

agent. Pharmacotherapy. 2003; 23(2):165-72. [pubmed]
• Purohit A, Singh A, Ghilchik MW, Reed MJ. Inhibition of tumor necrosis factor alpha-

stimulated aromatase activity by microtubule-stabilizing agents, paclitaxel and 2-
methoxyestradiol. Biochemical and biophysical research communications. 1999; 261(1):214-
7. [pubmed]
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Working on 
Estrogen Metabolism
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Estrogen Metabolism Highlights
• Learn it as phase 1  2  3

• Address it as 3  2  1

• Phase 3 can be evaluated in stool testing

• Phase 2 involves COMT, it’s co-factor SAM and co-nutrient, magnesium
• It also involves several other enzymes/snps and nutrients on the methionine cycle

• Phase 1 involves several CYP p450 enzymes
• It is shifted through supplements such as I3C, DIM and Quercetin

• Supporting Quinone Reductase (NQ01) and Glutathione-S-Transferase helps too
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Circadian Rhythm
• A normal circadian rhythm starts with a cortisol awakening response 

then falls throughout the day.
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Shift workers



Shift Workers and Circadian Rhythm?
• Shift workers are crucial for making the world go round. We 

appreciate our shift workers. But…

• The research leans towards them having a higher risk for breast 
cancer development likely due to the circadian rhythm dysfunction

• The International Agency for Research on Cancer has listed shift work as a 
possible carcinogen. 
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• Jones ME, Schoemaker MJ, McFadden EC, Wright LB, Johns LE, Swerdlow AJ. Night shift work and risk of breast cancer in women: the Generations Study cohort Br 
J Cancer. 2019; 121(2):172-179.

• Manouchehri, E., Taghipour, A., Ghavami, V. et al. Night-shift work duration and breast cancer risk: an updated systematic review and meta-analysis. BMC Women's 
Health 21, 89 (2021). https://doi.org/10.1186/s12905-021-01233-4

• Szkiela M, Kusideł E, Makowiec-Dąbrowska T, Kaleta D. Night Shift Work—A Risk Factor for Breast Cancer IJERPH. 2020; 17(2):659-.



What about the slope of the 
cortisol curve?
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Female in her 50’s, night cortisol rising
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What about high cortisol?

©2021 Precision Analytical Inc 50



Elevated Cortisol?
• Some tumor metastases have an increased number of 

glucocorticoid receptors (GR).

• Cortisol (stress) stimulates these GR.

• This increases colonization and heterogeneity of the cancer 

cells leading to shortened survival of someone with cancer.
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Improving the circadian rhythm
• Work on the stress response however that looks
• Get full spectrum light on waking 
• Consider taking am supplements within 30min of waking for the CAR
• Minimize blue/white light exposure in the evening
• Wear blue light blocking glasses
• Sleep in complete darkness
• Get exposure to sunset light 
• Avoid caffeine/alcohol before bed
• Evaluate melatonin on the DUTCH test
• Consider calming herbs/nutrients before bed  
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Germann SM, Baallal Jacobsen SA, Schneider K, et al. Glucose-based microbial production of the hormone melatonin in yeast 
Saccharomyces cerevisiae. Biotechnol J. 2016; 11(5):717-24. [PDF]

How is Melatonin made?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5066760/pdf/main.pdf


This becomes 
6-OH-melatonin-Sulfate (aMT6s),

and is urinated out.
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Melatonin Facts:
• “Because of its presence in bacteria, which evolved several billion 

years ago, we have speculated that melatonin is phylogenetically 

the oldest antioxidant in existence.” (Reiter et al, 2018)

56
Reiter RJ, Tan DX, Rosales-Corral S, Galano A, Zhou XJ, Xu B. Mitochondria: Central Organelles for Melatonin's Antioxidant and Anti-Aging Actions. 
Molecules. 2018; 23(2):. [PDF]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6017324/pdf/main.pdf


Melatonin Facts:
• It’s a major part of the circadian rhythm

• Circulating levels are primarily made in the gut but also the pineal gland

• Adult tend to make about 0.5mg/day physiologically 

• It is heavily concentrated in mitochondria

• It is now accepted that mitochondria make their own melatonin.

• It can act as a direct free radical scavenger

57
Reiter RJ, Tan DX, Rosales-Corral S, Galano A, Zhou XJ, Xu B. Mitochondria: Central Organelles for Melatonin's Antioxidant and Anti-Aging Actions. 
Molecules. 2018; 23(2):. [PDF]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6017324/pdf/main.pdf
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Melatonin saving the day!

Reiter RJ, Ma Q, Sharma R. Melatonin in Mitochondria: Mitigating Clear and Present Dangers Physiology. 2020; 35(2):86-95.



59

Melatonin and its antioxidant crew
When melatonin meets and disarms a toxin, it gets metabolized into other

melatonin metabolites that can also detoxify free radicals. It’s the antioxidant cascade.

Reiter RJ, Ma Q, Sharma R. Melatonin in Mitochondria: Mitigating Clear and Present Dangers Physiology. 
2020; 35(2):86-95.
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Finally, research in animal and human models has indicated that LEN-induced 
disruption of the circadian nocturnal melatonin signal promotes the growth, 
metabolism, and signaling of human breast cancer and drives breast tumors to 
endocrine and chemotherapeutic resistance.
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”…different mechanisms of melatonin's anticancer effects were identified successively, 
such as inducing apoptosis, antiestrogenic effect through ERα-signaling pathway and 
inhibiting aromatase activity, modulation of melatonin receptors, and inhibition on 
invasion, and angiogenesis.”
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Suppresses Melatonin?
• Caffeine

• Tobacco and alcohol

• White and blue-light exposure at night (ie. phones)

• Variants in snps AANAT and ASMT

• Medications: Beta Blockers, NSAIDS
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• Murphy PJ, Myers BL, Badia P. Nonsteroidal anti-inflammatory drugs alter body temperature and suppress melatonin in humans Physiology & Behavior. 1996; 59(1):133-139.
• https://www.stlukes-stl.com/health-content/medicine/33/000970.htm



Increasing Melatonin
• See the prior slide

• Improve the circadian rhythm (see cortisol slides)

• Improve gut health

• Consider snp testing for melatonin if suspected

• Consider melatonin supplementation
• Physiologic is 0.5mg, oncology often uses 10mg or higher
• Foods, like pistachios and tart cherries contain melatonin
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Pyroglutamate =
Pyroglutamic acid =

5-Oxoproline =
Metabolite in glutathione cycle
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Venkataraman SS, Regone R, Ammar HM, Govindu RR. Pyroglutamic Acidemia: An Underrecognized and Underdiagnosed Cause of 
High Anion Gap Metabolic Acidosis - A Case Report and Review of Literature . 2019; Cureus. Jul; 11(7): e5229.



How Does Glutathione Work?
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GSH
(reduced glutathione)

GSSG
(oxidized glutathione)

Selenium 
(in 5/8 types)

FAD
from B2

NADPH + H

NADP

Pentose 
Phosphate 
pathway

ROS:
H202

H20

B6, Glutamate, 
Cysteine, Glycine
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Are all ROS bad?
• It’s a balance

• Remember they form from normal bodily functions too such as 

eating, digesting, exercising, and creating ATP.

• ROS act as signaling molecules to the immune system.

• They can be toxic to tumors too, but this is controversial.
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ROS and Breast Cancer
• “…oxidative stress changed the redox potential of the breast, 

leading to drastic changes in the DNA base lesions, which are 

conducive to oxidative conditions and breast cancer formation.”
• Zhang, ML., Wu, HT., Chen, WJ. et al. Involvement of glutathione peroxidases in the occurrence and development of breast 

cancers. J Transl Med 18, 247 (2020). https://doi.org/10.1186/s12967-020-02420-x
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ROS and Breast Cancer
• If glutathione is low, this could allow the ROS balance to become 

UNbalanced leading to cancer development.

• Zhang, ML., Wu, HT., Chen, WJ. et al. Involvement of glutathione peroxidases in the occurrence and development of breast cancers. J Transl Med 18, 247 (2020). 

https://doi.org/10.1186/s12967-020-02420-x
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Advanced Glycation End Products (AGEs)
• Proteins and lipids (fats) that go through glycation when exposed 

to sugars

• As they advance, they are associated with more inflammation, 

oxidative stress, and disease development

• Increased in and associated with breast cancer

• Glutathione helps reduce the AGEs effect on the body

©2021 Precision Analytical Inc 73

• Omofuma OO, Turner DP, Peterson LL, Merchant AT, Zhang J, Steck SE. Dietary Advanced Glycation End-products (AGE) and Risk of Breast Cancer in the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial (PLCO) Cancer Prev Res. 2020; 13(7):601-610.

• Sharma AK, Sharma VR, Gupta GK, Ashraf GM, Kamal MA. Advanced Glycation End Products (AGEs), Glutathione and Breast Cancer: Factors, Mechanism and Therapeutic 
Interventions CDM. 2019; 20(1):65-71.



Improving Glutathione
• Address the cause(s) excessively needing glutathione’s powers

• Increase precursors such as N-Acetyl-Cysteine and B6

• Increase co-factors such as selenium and B2

• Increase other antioxidants that help recycle glutathione such as 

ascorbic acid and vitamin E
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Key DUTCH Markers and Breast Cancer
1. Estrogen excess

2. Phase 1 metabolites: 4-OH-E1 and 16-OH-E1

3. Phase 2 metabolite: methylation

4. Cortisol Pattern

5. Melatonin

6. Pyroglutamate

7. 8OHdG
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8-hydroxy-2-deoxyguanosine (8-OHdG)
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8-hydroxy-2-deoxyguanosine (8-OHdG)
• A sensitive but not reason-specific maker used for estimating 

DNA damage due to oxidative stress (ROS creation)
• Considered pro-mutagenic as it’s a biomarker for various cancers 

and degenerative disease initiation and promotion
• Used to estimate DNA damage after exposure to cancer-

causing agents: tobacco smoke, asbestos fibers, ROS, heavy 
metals, benzene, radon, arsenic, Nickle, toluene, toluene, and 
polycyclic aromatic hydrocarbons
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8-hydroxy-2-deoxyguanosine (8-OHdG)
• When local antioxidant systems fail, oxidative damage permanently occurs

to lipids of cellular membranes, proteins and DNA

• ROS attack Guanine bases easily forming 8-OHdG

• 8-OHdG binds to thymidine rather than cytosine so it’s a GT transversion

• This is the most frequent somatic mutations (non germ cell) found in 

cancers

• These get removed by DNA repair mechanisms and it shows up in urine
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• VALAVANIDIS A, VLACHOGIANNI T, FIOTAKIS C. 8-hydroxy-2′ -deoxyguanosine (8-OHdG): A Critical Biomarker of Oxidative Stress and Carcinogenesis Journal of Environmental Science and Health, Part C. 2009; 27(2):120-139.
• Ock C. 8-Hydroxydeoxyguanosine: Not mere biomarker for oxidative stress, but remedy for oxidative stress-implicated gastrointestinal diseases WJG. 2012; 18(4):302-.
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Kataoka H, Mizuno K, Oda E, Saito A. Determination of the oxidative stress biomarker urinary 8-hydroxy-2-deoxyguanosine by automated on-line in-tube 
solid-phase microextraction coupled with liquid chromatography tandem mass spectrometry Journal of Chromatography B. 2016; 1019:140-146.
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Improving 8-OHdG
• Address the cause(s) as best you can

• Update breast imaging if warranted/needed

• Evaluate for antioxidants
• Examples: Melatonin and pyroglutamate on the DUTCH test

• Consider improving antioxidant status through diet/supplementation 

if warranted
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In Summary:
• Breast cancer is complicated – don’t just blame estrogen.

• The 2 biggest risks are being female and aging HOWEVER it is an 
unfortunate combination of genetics, hormones, lifestyle, and 
environmental factors.

• Prevention and risk reduction are the goals!

• Use the DUTCH test and those 7 markers as one of the prevention 
tools in your toolbox.
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…and that concludes our talk
Thank you for listening.

Lecture questions? 
info@dutchtest.com
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DUTCH WEBINAR REWARDS
• New Providers Receive 50% OFF UP TO 5 DUTCH KITS

To redeem your webinar rewards: 
Click the link in the chat!

• Current Providers Receive Exclusive Access to our 
Provider Networking Group
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