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HORMONES
Menstrual Cycle

It is important to understand where we started!

• Menstruat ion depends on specif ic s ignal ing

• FSH stimulates estrogen in the Fol l icular Phase 

• Hormone of “youth” & can use this to track HRT

• FSH supports fol l icle development (egg maturation)

• Estradiol spikes, s ignal ing the spike of LH

• Once LH spikes and drops, progesterone is released

• The luteal phase reveals opt imal progesterone with 

Oxytocin with some estrogen

No conception = menstruation

ESTROGEN - ESTRADIOL

ESTROGEN CHANGES
HORMONES
Estrogen

• Shi f t  o f  abundant Estradio l  has a major  

downward trend af ter  40 years o f  age

• But happening younger

• And r is ing in younger  males

Briden, Lara. Hormone Repair Manual.
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HORMONES
HPO Communication – severe trauma early in life can 
turn this OFF or EDCs
• The brain signals to the ovaries from the Hypothalamus -> Pituitary -> Ovaries

• The Pituitary releases LH and FSH to signal hormone release 

and signal to the ovaries

Due to communication and negative feedback, FSH and LH levels are

inverse: LH levels get higher when the ovaries need more signal to release

hormone. It is the same with FSH.

FSH is best tested days 3-5 of the menstrual cycle

Anytime in menopause

LH levels are highest as the fol l icular phase transit ions to ovulation

HORMONES
Changes in the menstrual cycle

Cyc l i ng  Fe ma le :  

• Gene r a l l y  c y c l e s  e v e r y  28 - 35  day s  w i th  a  3 - 7  day  b l e ed

Pe r i -Me no pau se  cyc l e :  O l i go me no r rhe a

Happen ing  youn ge r  and yo unge r  so  a lways  co ns i de r  i t  i n  a  “d i f f e re n t i a l  d i agno s i s ”

• I r r egu l a r i t i e s  w i th  cy c l i ng  – soone r  than  28  day s ,  l a t e r  t han  35  day s ,  b l eed i ng  mo r e  f r equent l y ,  b l e ed i ng  l e s s  than  3  day s ,  o r  mo re  
than  7  day s ,  and  v o l ume  o f  b l o o d  may  be  a  l o t  l e s s ,  o r  a  l o t  mo r e

M any  b l e ed i ng  i s s ue s  a r e  i n su f f i c i en t  p r o ge s te r one

Env i r o nment  i s  r i f e  w i th  “an t i - p r oge s t i ns ”

And  i nsu f f i c i e n t  i o d i ne  

A s  env i r onment  i s  r i f e  w i th  an t i - thy r o i d  EDC s

Me no pause :

• No  b l eed i ng  f o r  12  o r  mo r e  mon ths
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Menstruation

• First part of cycle - driven by proliferation GROWTH - driven by ER Alpha 

Estradiol

• Ovulation – driven by ER beta

• Second part if no pregnancy – driven by deproliferation CONTROLLED 

GROWTH – driven by ER beta (shedding and period)

Perimenopause

• Heavy bleeding menorrhagia

• Heavy clotting

• Signs of anovulation

• Needing progesterone

• Not progestins

5

6



Dr. Berkson | EVERYTHING HORMONES 4/26/2023

4

HORMONES
Estrogen
• Phases of Menopause

Briden, Lara. Hormone Repair Manual.
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Receptor Functionality – can have perfect levels 
of urine, saliva or blood with inactivated 
receptors!

You can have perfect hormone

Levels (blood, urine, saliva) but until

The receptor is  activate,  none of this matters.

Is where the hormone rubber meets the 
hormone road.

Dr. DL. Berkson© 

Inactive Receptor when hormone can 
successfully bind it become 
to deliver it’s message to genes.

Nuclear Receptor: 3 Parts

• Receptor

• Ligand (or anti- l igand)

• Co-regulatory proteins 

1. nutr ients where what you eat comes to play and  (iodine, retinoic acid, magnesium. B6, 

zinc)

2. competit ive inhibitors

• Recent Prog Horm Res. 2000;55:163-93; discussion 194-5. Estrogen receptors: 

selective ligands, partners, and distinctive pharmacology.

Dr. DL. Berkson© 
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Receptor Functionality
Nutrients

Nutrient Bowl (transcriptional co-factors)

• Zinc (fingers)

• Vitamin B6

• Magnesium

• Iodine 

• Vitamin A

Dr. DL. Berkson© 

Binding Domain
Zinc gives shape for all hormones to dock
Must run RBC zinc to assess all hormone functionality

Zinc finger
• P a r t  o f  C  d o m a i n  o f  s t e r o i d  r e c e p t o r s

• B e s t  c h a r a c t e r i z e d  d o m a i n  o f  s t e r o i d  r e c e p t o r s  i s  C  d o m a i n .  

• Z i n c  f i n g e r  c r e a t e s  a  S H A P E  t h a t  c a n  i n s e r t  i n t o  a  s p e c i f i c  b a se  p a i r  o f  
D NA

• E s s e n t i a l  p a r t  o f  S H B G

• I nh i b i t s  a r o m a t a s e

• L o w  z i n c  l i n k e d  t o  h o r m o n a l  i s s u e s

• No t  r e s p o n d i n g  t o  e n d o g e n o u s  o r  e xo g e n o u s  ho r m o ne s

• L e a d s  t o  l o w  T  a n d  h i g h  E

• S y m p t o m s  o f  l o w  z i n c :  e a s i l y  i l l ,  c h r o n i c  d i a r r h e a ,  p o o r  wo u n d  h e a l i n g ,  
r i n g i n g  i n  t he  e a r s ,  f e e t  s m e l l ,  wh i t e  s p o t s  o n  n a i l s ,  

Dr. DL. Berkson© 
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Duration of Signal - Vitamin B6

• Invo lved in the  c learance  of  es trad io l  
f rom nuc lear  receptors

• B6  de f i c iency > Estrogen dominance  
(s luggi sh remova l  f rom receptor )

• Estrogen supplementat i on inc lud ing 
b i r th contro l  p i l l s  .  Increased need for  
B6

• Sugar  increases  need for  B6  many 
chemica l s  do even f l axseeds .

• Am J Obs tet  Gyneco l . 1976  Aug 
15;125(8):1063-9 .

• Effect  of  ora l  contracept ives on 
nutr ients.  III.  V itamins B6,  B12,  and  
fo l ic  acid .

• Biochem Pharmaco l . 1976 Nov 
1;25(21):2411-3 .

• In v i t ro t r ia ls to  counteract  the  
inhib i tory e f fect  o f  beta-oestradio l
and ethynyloest radio l on the  B6-
dependent  kynurenine
aminotransferase  enzyme.

Dr. DL. Berkson© 

All hormones 
Are made from cholesterol and B 

vitamins
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Cholesterol + Pantothenic Acid in presence of other B’s

• Al l  c lasses of stero id hormones, 

g lucocortico ids, mineralocorti co ids, 

and sex hormones, are derivatives of  

cholesterol .  

• Synthesis occurs in the placenta and 

ovaries (estrogens and progestins), 

testes (testosterone),  and adrenal  

cor tex (cort iso l ,  a ldosterone, and 

androgens).

Cholesterol – Follow the science

• Cholesterol makes hormones

• New guidelines from AHA is to lower LDL cholesterol from 50 to 70

• Am Geriatr Soc 2020 Feb;68(2):288-296. doi: 10.1111/jgs.16306. Epub 2020 Jan 13. 

• Associations between Serum Levels of Cholesterol and Survival to Age 90 in 

Postmenopausal Women 
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• 3 beta 
hydroxysteroid 
dehydrogenase –

• Co-factor is NAD 
(niacin) (and taurine 
educe TGFB1)

• 3 alpha 
hydroxysteroid 
dehydrogenase –

• In target tissue 
regulates how steroid 
hormones occupy 
their receptors

• effected by other 
steroids too such as 
Er beta, progesterone 
and T 

Structure and function of 3 
alpha-hydroxysteroid 
dehydrogenase. Steroids. 1997 
Jan;62(1):101-11. doi: 
10.1016/s0039-
128x(96)00167-5. PMID: 
9029723.

Allopregnanolone: From molecular pathophysiology to therapeutics. 
A historical perspective
Neurobiol Stress. 2020 May; 12: 100215.doi: 10.1016/j.ynstr.2020.100215

Berkson©

American Heart Association

• In patients with ASCVD (atherosclerotic cardiovascular dx) reduce LDL-C by 50% of 

present level

• In high risk not over 70 mg/dL statins plus Ezemtibe nonstatin inhibitor of chol

absorption

• If LDL-C > 190 use high intensity statins bring LDL under 70

• In diabetics bring to 50 

• Case Report of Harvard Professor
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WHI older women cholesterol study – follow the science

• N = 115,400 tracked in 5 yr survival  outcomes from original 161,808

• Lipid subcohort 27,940 those with analytical poss to l ive to 90 came down to 3.567 that l ived 

to 90

• 1993-90 40 Inst itut ions WHI

• Conclusion: Neither higher  HDL nor lower LDL levels predicted survival  to age 90, but higher 

LDL predicted healthy survival.

• These f indings suggest the need for reevaluation of  healthy LDL levels in older women. 

• Am Geriatr Soc 2020 Feb;68(2):288-296. doi: 10.1111/jgs.16306. Epub 2020 Jan 13. 

• Associations between Serum Levels of  Cholesterol  and Survival to Age 90 in 

Postmenopausal Women 

Elderly LDL

• The Cardiovascular  Health  Study,  men and women with  LDL levels  above 3.96  mmol/L had.51  t imes the 

r isk of mortal i ty relat ive to those wi th levels  lower than 2.48 mmol/L.28 

• Over 150 mg/dL l ived  longer,  d id bet ter.

• Risk factors  for  5-year  mortal i ty in  older  adults :  the Cardiovascular  Health  Study.  JAMA. 

1998;279(8):585-592

• Department of  Medic ine,  The Johns Hopkins  Medical  Inst itutions,  Balt imore,  Md,  USA.
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Elderly Higher HDL

• However,  in  a  large s tudy conducted in  the Danish Bir th  Regis t ry cohort  (N = 12  937),  after  adjustment  

for  factors  including s tat in  use and  educat ion,  higher  HDL levels  were associated  wi th lower mortali ty in  

women aged 70  years  and  older.

• Living long linked to higher  LDL and HDL in women.  Not  sure wi th  males .

• Associat ion of l ipoprotein levels  wi th mortali ty in  subjects  aged 50 +  wi thout  previous diabetes  or 

cardiovascular disease: a  populat ionbased regis ter  s tudy.  Scand J  Prim Health  Care.  2013;31(3):172-180.

Why?

• You make hormones out of cholesterol

• Cells membranes where instant transmembraneous hormones signal, 
need estrogen

• The human brain is nearly 60 percent fat. We've learned in recent 

years that fatty acids are among the most crucial molecules that 

determine your brain's integrity and ability to perform.

• Essential fatty acids and human brain. Acta Neurol Taiwan. 2009 

Dec;18(4):231-41. PMID: 20329590.
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Brain and Myelin

• The bra in is  the  mo st  cho lestero l - r ic h o rgan in the bo dy and c onta ins a lmost  25% of  the tota l  amount.  The 

majori ty  (70–80%)  of  this  c ho lestero l  is  present  in  myel in ,  where i t  ful f i l s  a  c r i t ica l  insulat in g ro le .

• M yel in i s  cho lestero l  r ic h.

• \The myel in  sheath is  character ize d by a  high proport io n o f  l ip ids  (70%–85 %)  and consequent l y  a  low 

proport io n o f  prote i ns  (15%–30 %) .  In  co ntrast ,  mo st  bio lo gica l  membranes  have approxim at ive ly  equiva l e nt  

rat io  of  prote ins  to  l ip ids  ( 50% l ip id/ 5 0% prote in)

• Myel in  is  not  a  s imple  homogeneous  layer  o f  proteins  and l ipids .  I t  a lso  c ont ains  dis crete and dynamic  

l ipid  domains in t he external  leaf let  o f  i ts  plas ma memb ran e cal led  l ipid  raf t s  [12,13] .  Lipid raf ts  are 

character iz ed by  the concent rat ion of  selected membrane l ipids  s uc h as  choles terols ,  g alactosylceramid e,  

and low levels  o f  phos phat idylc hol i n e .

• Myelin Fat  Facts:  An Overv iew of  L ip ids  and  Fatty Acid Metabol ism. Cel ls .  2020  Mar 27 ;9(4) :812.  doi :  

10.3390/cel ls9040812. PMID:  32230947;  PMCID:  PMC7226731.

Overall women of menopausal years

• Higher LDL in older women

• Higher HDL

• Linked to longevity and higher quality of l i fe

• LOW HDL = fatty l iver, physical dysfunction, cancer, depression.

• Always gotta track l iver as it processes hormones. Fibroscan (l iver elastography)

• ALT AST in the higher 20’s and 30’s

• Lower HDL

• Suggest fatty l iver – 1 out of 3 Americans has it
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It’s younger populations that elevated cholesterol is 
more a problem

• Our f indings contras t  wi th those from studies  of younger populat ions ,  in  which low HDL and high LDL 

levels  were associated  wi th  increased r isk of mortal i ty.

• Among the older  women in  our  analyt ic  sample,  we did  not  have measurements  of mid li fe  lipid levels  to 

determine i f they might  provide di fferent  associat ions  wi th  survival to age 90.

• Although we excluded baseline users  of s tat ins  and adjus ted for  HT use,  we could  not  account  for  changes  

over  t ime in  use of ei ther that  might  have in f luenced our f indings.

• Ten-year  mortal i ty from card iovascular  d isease in  relat ion to cholesterol level  among men with and  

wi thout  preexis t ing card iovascular  d isease.  N Engl J  Med.  1990;322(24):1700-1707.

Medicare Females

• In  conclus ion ,  HDL and LDL measured in  women aged 68 to 81  years  old were not  associated wi th 

survival to age 90.  

• Higher,  bu t  not  lower,  LDL was associated  wi th healthy survival  to age 90.

• WHI
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What do many countries, like US, do to our elderly?

• We lower their LDL

• We lower their hormones which are brain and mood let along other physiologies 

protective.

• We add sugar in so many foods it ’s hard to avoid, to reduce B vitamins that help create 

our own hormones.

• Then deny them hormones!

Low 

• Studies suggest low cholesterol  makes poor outcomes in sepsis

• REGARDS population N = 30,239

• 70% over 60 years old

• Both genders

• Low LDL was statist ical ly l inked to poorer sepsis outcomes

• 2016 Dec 23;20(1):408. doi:  10.1186/s13054-016-1579-8. Cholesterol  levels and long-term 

rates of  community-acquired sepsis 

• Multi  centered ERs in US
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Hormone Review

• Genomic – slower – inside cel l 

• Non-genomic – faster  - on cel l membrane

Ligand 
Binding

• LIGAND (HORMONE) docks into receptor travels to nucleus 
delivers message to genes (genomic signaling)

Berkson©
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Simple Concepts, Huge Implications

• Genomic – activate gene expression in cytoplasm

• Non-genomic – activating kinase cascades in cel l membranes

• They can cross-communicate

Any company has dominance hierarchy

31
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Endocrinologic Analogy

• CEO – hypothalamus

• Pituitary - general manager

• Employees – hired by company must obey - Thyroid, Adrenal Cortex, Gonads obey 

pituitary esp ant pituitary

• Independent contractors – Parathyroid, Adrenal Medulla, Pancreas

For survival

• Most important survival from tiger

• Adrenal medulla secretes epinephrin and norepinephrine (must be independent As 

important for survival)

33
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Concept of Polarity and Binding Proteins
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Genomic, Slower, makes proteins to run body  (estrogen, 
testosterone, progesterone, thyroid, adrenal cortex)

• Transcription = to make RNA (genomic)

• Translation = to make proteins

41
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Non-genomic

• Rapid acting

• Cell membrane

• G-coupled

• Sends immediate signals for l ife

• To get hormones just right

• You must know thus, what parathyroids, adrenal medulla and pancreas are doing.

To turn off light bulb in your house which is faster: video 
#6 (Medicosis)
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Endocrinology –
Membrane - water soluble flip a switch so it’s rapid 
Cytoplasm lipid soluble – a lipid soluble has to wait to diffuse 
across cell membrane, get into & travel through cytoplasm, g 
find receptor in cytoplasm or nucleus -it’s slow acting

45
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Tyrosine plays a critical role in hormone homeostasis (if 
protein levels in labs are in 5’s and 6’s not getting 
sufficient tyrosien)

47
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Tyrosine – if do everything right for hormones but not 
getting right outcome, even after Receptor Detox and 
Hormone Balance and Protect, try adding in tyrosine.

• Tyros ine  he lps  hormones  work .

• And c ogni t io n.

• Tyrs o s i ne i n cre as e s  d op am i ne  avai l ab i l i ty  th at ,  i n  tu rn,  en h an ces  co g n i t ive  pe rfo rma nc e an d s en s e of  we l l -b ei ng .

• Foods  h igh  in  d ie tary  t yros ine  inc lude che e se ,  soybeans ,  be e f,  lamb,  pork ,  f i sh,  c h ic ken,  nut s ,  eg gs ,  da iry,  be ans ,  and 

w hole  gra ins .

• L ook  at  prote in  leve l  in  b lood should  be  in  7 ’s  and a lbumin should  be  in  4 ’s .

• Food for  thought :  associat ion  between diet ary  t y ros ine and cogni t ive  performance  in  younger and o lder  

adu l t s .  Psy cho l  Res.  2019 Sep;83(6) :10 97 -110 6.  do i :  10.1007/s004 26 -017- 09 57 -4.  Epub 2017 Dec 18.  PMID:  

29255945;  PMCID:  PMC6647184.

G Protein is switch. Connects 
proteins on outside to inside. 
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Basics

• Estrogen has genomic (Two receptors: ER alpha ER beta) and non-genomic signaling 

(GPER G-protein coupled estrogen receptor

• Progesterone three receptors PR-A PR-B PR-C G-protein progesterone receptor)

• Testosterone (and DHT) has genomic Two receptors AR-A AR-B and G-protein testosterone 

receptor

• Signal ing different  receptors causes different  react ions 

• To say somethings is estrogenic may not  be accurate as ER Alpha and ER Beta may have opposing 

act ions.

Same hormones signaling different receptors = different 
actions
• Estrrogen signals ER Alpha – genomic slower - promotes growth

• Estrogen signals ER beta – genomic slower control led growth

• Estrogen signals GPER – instantaneously gut nervous system

• Same with progesterone

• Same with testosterone

• So there is a lot we do not yet know

• And more receptors being discovered al l the t ime

51
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So, rapid actors in hormonal signaling system

• Are not just parathyroid, adrenal medulla and pancreas (and insulin)

• But the fasting acting sex steroids

HORMONES

• Estrogens

• Progesterone 

• Testosterones 

• DHEA

• Cortisol

• Thyroid

• FSH

• Oxytocin

• Insul in

Hormone Basics
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Estrogen
• The  t hree  main e strogens  in  ma mmals  are  e strone ,  est ra dio l ,  and est r io l .  

• Est rone ,  or  E 1,  i s  a  w e a k  e stroge n that  r i ses  a f ter  menopau se .  But  the  most  pro inf lam m a tor y  e strogen.  Measure  

est rone  and est radio l  in  se rum in  adult s ,  bot h  ge nders ,  you wa nt  more  estra dio l  than est rone  to  reduc e  inf lammat i o n 

and c ontro l  grow th.

• Est ra dio l ,  E 2,  was  long  t hought  by sc ie nt is t s  to  be  the  “ work horse”  of  the  t hree  and most  b io log ica l ly  ac t ive .  Thi s  i s  

be c ause  i t  s igna ls  “pol i t i ca l l y  c or rec t ”  to a l l  t hree  rec eptors .

• Est r io l ,  E 3, the  “w eakest ”  of  t he  three ,  has  the  h ighest  c onc entrat i on  of  any  estrogen dur ing  pregnanc y,  and has  been 

use d by c l in ic ian s  as  a  way  to a ssess  fe ta l  w e l l - be ing ,  but  sc ient i st s  have  long d ismisse d i t  as  ins ign i f ic a nt .  

• N ow  w e k now  i t  ru le s  e p igenet ic s ,  espe c ia l l y  in  t he  fe tus ,  protec t s  aga inst  ca nc er,  reduc es  inf lammat io n ,  and is  t he  “  

Good Est rogen Dominanc e”.

• I t  upregul ates  adhe s ive  prote in s  in  the  gut .

• I t  re gulate s  ovulat io n  in  the  ovar y.

•  We  ca n use  i t  c l in ic a l l y.

Estrogen Scale

• It’s the balance of receptors in tissues
• That maintains health of tissues

• ER Alpha – growth

• ER Beta  - controlled growth 

• Balance between maintains
• Zen health of local tissues from
• Endothelium to hippocampus
• To breast, prostate, fat cells, 
• Etc.

• G-PER – instantaneous like gut sense and this
• Keeps expanding
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Estriol drives epigenetic change in mice

• “ H u m a n s  a n d  s o m e  o t h e r  p r i m a t e s  e v o l v e d  a  c o m p l e x  p a t h w a y  o f  e s t r i o l  p r o d u c t i o n  t h a t ’ s  n o t  s e e n  i n  m o s t  a n i m a l s , ”  T a y l o r  s a y s .  “ I t  

w a s  m a d e  s p e c i f i c a l l y  i n  p r e g n a n c y  f o r  a  p a r t i c u l a r  f u n c t i o n  t h a t  n o b o d y  k n e w  a b o u t  u n t i l  n o w . ”

• I n  t h e i r  n e w  s t u d y ,  a  Y a l e  t e a m  u s e d  e s t r i o l  t o  t r e a t  p r e g n a n t  m i c e ,  w h i c h  d o n ’ t  n a t u r a l l y  p r o d u c e  t h e  h o r m o n e ,  t o  b e t t e r  u n d e r s t a n d  

i t s  r o l e  i n  r e p r o d u c t i o n .  T h e y  t h e n  l o o k e d  a t  h o w  i t s  a d m i n i s t r a t i o n  i m p a c t e d  t h e  o f f s p r i n g ’ s  b r a i n  a n d  u t e r u s — t w o  o r g a n s  i n  m i c e  

t h a t  h a v e  e v o l v e d  s i g n i f i c a n t l y  i n  p r i m a t e s .  T h e y  f o u n d  t h a t  e s t r i o l  l e d  t o  i m p r o v e m e n t s  i n  f a c t o r s  i n c l u d i n g  p r e g n a n c y  r a t e , l i t t e r  

s i z e ,  s u c c e s s  o f  p r e g n a n c y ,  a n d  u t e r u s  s t r u c t u r e .  

• O f f s p r i n g  a l s o  s h o w e d  l e s s  a n x i e t y  a n d  g r e a t e r  e x p l o r a t o r y  b e h a v i o r .

• N e x t ,  t h e  t e a m  l o o k e d  f o r  c h a n g e s  i n  g e n e  e x p r e s s i o n  w h e n  t h e  b a b y  m i c e  r e a c h e d  a d u l t h o o d  t h a t  m a y  e x p l a i n  t h e s e  i m p r o v e m e n t s .  

T h a t  g e n e r a t i o n ’ s  o f f s p r i n g  r e v e a l e d  m a n y  g e n e s  t h a t  w e r e  d i f f e r e n t i a l l y  e x p r e s s e d  a s  a  r e s u l t  o f  t h e  p r o c e d u r e .  

• “ T h e s e  m i c e  w e r e  e x p o s e d  a s  a  f e t u s  w h e n  t h e i r  m o m  w a s  p r e g n a n t , ”  s a y s  T a y l o r .

• “ W e  s a w  p e r m a n e n t  c h a n g e s  i n  g e n e  e x p r e s s i o n  t h a t  r e m a i n e d  l o n g  a f t e r  t h e  e x p o s u r e  w a s  d o n e . ”

• T h e  s t e r o i d  h o r m o n e  e s t r i o l  ( E 3 )  r e g u l a t e s  e p i g e n e t i c  p r o g r a m m i n g  o f  f e t a l  m o u s e  b r a i n  a n d  r e p r o d u c t i v e  t r a c t .  B M C  B i o l .  2 0 2 2  M a y  2 ; 2 0 ( 1 ) : 9 3 .  d o i :  1 0 . 1 1 8 6 / s 1 2 9 1 5 - 0 2 2 - 0 1 2 9 3 - 4 .  

P M I D :  3 5 4 9 1 4 2 3 ;  P M C I D :  P M C 9 0 5 9 3 6 8

• Y a l e  S c h o o l  o f  M e d i c i n e  M a y  0 3 ,  2 0 2 2  I s a b e l l a  B a c k m a n

Estriol – epigenetic modifier

• The study  also uncovered the mechanism through which estr iol  tr ig gers  epigenetic  change.

• In  contrast  to estradiol ,  the binding of  estr iol  to estrogen receptors  on proteins  tweaks  it  into a shape 

that  allows  it  to bind to epigenetic  modifiers ,  which in  turn affects  its  binding to target  genes.  

• I t  is  paradoxical ly  a very  strong estrogen when one looks  at  this  novel estrogen act ion.

• “Estr iol  programs reproduct ive potentia l and brain funct ion through epigenetic  modificat ion,” says  

Hughes S  Tay lor MD.

• “It  does  this  by  al lowing the estrogen receptor to bind with new binding  partners  that  are epigenetic  

modif iers .”

• Hugh Tay lor,  MDAnita O'Keeffe Young Professor  of  Obstetr ics ,  Gynecology,  and Reproduct ive Sc iences  and 

Professor  of  Molecular,  Cel lular,  and Developmental  Biology;  Chair,  Obstetr ics ,  Gynecology & 

Reproduct ive Sc iences;  Chief  of Obstetr ics  and Gynecology,  Yale-New Haven Hospital

57

58



Dr. Berkson | EVERYTHING HORMONES 4/26/2023

30

The effects of “weak estrogens” in plastics

• I n  2 0 1 2 ,  t h e  U. S .  Fo o d  a n d  D ru g  A d m in is t ra t ion  ( F DA )  b a n n e d  t h e  u s e  o f  b i s p h e n o l  A  ( B PA )  in  b a b y  b ott le s  a n d  s ip p y  c u p s .  

B PA ,  w h ic h  i s  s t i l l  fo u n d  in  m a ny  h a rd  p la st i c s ,  i s  a  k in d  o f  “e nv i ron m e n ta l  e s t rog e n ”,  or  e n d oc r in e  d i s ru p te r,  a  sy n t h e t i c  

c om p o u n d  t h a t  h a s  w e a k  e st rog e n - l i ke  a c t iv i t y.  “ Pe op le  w ou ld  a rg u e  in  fav or  o f  B PA  s ay in g ,  ‘ Th i s  i s  a  w e a k  e st rog e n .  I t ’s  

n ow h e re  n e a r  t h e  p ote n c y  o f  e st ra d io l ,  s o  i t  c ou ld n ’ t  p os s ib ly  h av e  a ny  e f fe c t ,’ ”  s ay s  Tay lor.  “ I n  re a l i t y,  b i s p h e n o l  A  w ork s

t h rou g h  t h e  s a m e  m e c h a n is m  t h a t  e st r io l  d o e s  a n d  c a n  in te r fe re  w i t h  t h e  n orm a l  f u n c t ion s  o f  e st r io l .”

• Th is  re s e a rc h  h ig h l ig h t s  h o w  e nv i ro n m e n ta l  e s t rog e n s  l i ke  B PA  m ay  h av e  t h e  c a p a c i t y  t o  in d u c e  e p ig e n e t ic  p rog ra m m in g  

c h a n g e s  in  h u m a n s  t h ro u g h  a  m e c h a n is m  s im i la r  t o  e st r io l ’s .

• S o  w h i le  B PA ,  l i ke  e st r io l ,  h a s  o f te n  b e e n  d i s m is s e d  a s  “ w e a k ,”  i t  m ay  s t i l l  c a p a b le  o f  h av in g  p rofou n d  b io log ic a l  e f fe c t s .

• I n  f u t u re  s t u d ie s ,  t h e  te a m  i s  s e e k in g  t o  b e tte r  u n d e rsta n d  h ow  ot h e r  e st rog e n s  c a u s e  e p ig e n e t ic  p rog ra m m in g  a n d  h ow  t o  

p re v e n t  d a n g e ro u s  ex p o s u re s ,  e s p e c ia l l y  in  p re g n a n t  w om e n .  Th e y  a re  a l s o  in te re ste d  in  le a rn in g  m ore  a b ou t  t h e  g e n e s  t h a t  

a re  re g u la te d  b y  e st r io l  t o  ga in  a  b e tte r  u n d e rsta n d in g  o f  t h e  p a t h way.  

• “ N ow  t h a t  w e  u n d e rsta n d  t h i s  f u n c t io n  a n d  m e c h a n is m ,  w e ’re  t ry in g  t o  d e f in e  w h a t  a g e n t s  in  t h e  e nv i ron m e n t  in te r fe re  w i t h  

h u m a n  d e v e lo p m e n t  a n d  le a d  t o  p ro b le m s  la te r  in  l i fe ,”  s ay s  Tay lor.

• . B i s p h e n o l  A  v s .  Es t r io l

Estriol protects fetal brain and future fertility
• T h e  f i n d i n g  r a i s e s  t h e  f a s c i n a t i n g  p o s s i b i l i t y  t h a t  i f  d o i n g  s o  i s  f o u n d  t o  b e  s a f e ,  a d d i n g  e s t r i o l  a t  s o m e  p o i n t  d u r i n g  h u m a n  p r e g n a n c i e s  m i g h t  b e c o m e  a  

w a y  t o  m a k e  t h o s e  p r e g n a n c i e s  s a f e r  a n d  l e s s  p r o n e  t o  c o m p l i c a t i o n s .

• Ba c k g r ound : E s t r i o l  ( E 3 )  i s  a  s t e r o i d  h o r m o n e  f o r m e d  o n l y  d u r i n g  p r e g n a n c y  i n  p r i m a t e s  i n c l u d i n g  h u m a n s .  A l t h o u g h  E 3 i s  s y n t h e s i z e d  a t  l a r g e  a m o u n t s  

t h r o u g h  a  c o m p l e x  p a t h w a y  i n v o l v i n g  t h e  f e t u s  a n d  p l a c e n t a ,  i t  i s  n o t  r e q u i r e d  f o r  t h e  m a i n t e n a n c e  o f  p r e g n a n c y  a n d  h a s  c l a s s i c a l l y  b e e n  c o n s i d e r e d  

v i r t u a l l y  i n a c t i v e  d u e  t o  a s s o c i a t e d  v e r y  w e a k  c a n o n i c a l  e s t r o g e n  s i g n a l i n g .  H o w e v e r ,  e s t r o g e n  e x p o s u r e  d u r i n g  p r e g n a n c y  m a y  h a v e  a n  e f f e c t  o n  o r g a n s  

b o t h  w i t h i n  a n d  o u t s i d e  t h e  r e p r o d u c t i v e  s y s t e m ,  a n d  c o m p o u n d s  w i t h  b i n d i n g  a f f i n i t y  f o r  e s t r o g e n  r e c e p t o r s  w e a k e r  t h a n  E 3 h a v e  b e e n  f o u n d  t o  i m p a c t  

r e p r o d u c t i v e  o r g a n s  a n d  t h e  b r a i n .  H e r e ,  w e  e x p l o r e  p o t e n t i a l  e f f e c t s  o f  E 3 o n  f e t a l  d e v e l o p m e n t  u s i n g  m o u s e  a s  a  m o d e l  s y s t e m .

• Re s u l t s : W e  a d m i n i s t e r e d  E 3 t o  p r e g n a n t  m i c e ,  e x p o s i n g  t h e  f e t u s  t o  E 3 .  A d u l t  f e m a l e s  e x p o s e d  t o  E 3 i n  u t e r o  ( E 3 - m i c e )  h a d  i n c r e a s e d  f e r t i l i t y  a n d  s u p e r i o r  

p r e g n a n c y  o u t c o m e s .  F e m a l e  a n d  m a l e  E 3 - m i c e  s h o w e d  d e c r e a s e d  a n x i e t y  a n d  i n c r e a s e d  e x p l o r a t o r y  b e h a v i o r .  T h e  e x p r e s s i o n  l e v e l s  a n d  D N A  m e t h y l a t i o n  

p a t t e r n s  o f  m u l t i p l e  g e n e s  i n  t h e  u t e r i  a n d  b r a i n s  o f  E 3 - m i c e  w e r e  d i s t i n c t  f r o m  c o n t r o l s .  E 3 p r o m o t e d  c o m p l e x i n g  o f  e s t r o g e n  r e c e p t o r s  w i t h  s e v e r a l  

D N A / h i s t o n e  m o d i f i e r s  a n d  t h e i r  b i n d i n g  t o  t a r g e t  g e n e s .  E 3 f u n c t i o n s  b y  d r i v i n g  e p i g e n e t i c  c h a n g e ,  m e d i a t e d  t h r o u g h  e p i g e n e t i c  m o d i f i e r  i n t e r a c t i o n s  

w i t h  e s t r o g e n  r e c e p t o r s  r a t h e r  t h a n  t h r o u g h  c a n o n i c a l  n u c l e a r  t r a n s c r i p t i o n a l  a c t i v a t i o n .

• Con c l u s i on s : W e  i d e n t i f y  a n  u n e x p e c t e d  f u n c t i o n a l  r o l e  f o r  E 3 i n  f e t a l  r e p r o d u c t i v e  s y s t e m  a n d  b r a i n .  W e  f u r t h e r  i d e n t i f y  a  n o v e l  m e c h a n i s m  o f  e s t r o g e n  

a c t i o n ,  t h r o u g h  r e c r u i t m e n t  o f  e p i g e n e t i c  m o d i f i e r s  t o  e s t r o g e n  r e c e p t o r s  a n d  t h e i r  t a r g e t  g e n e s ,  w h i c h  i s  n o t  c o r r e l a t e d  w i t h  t h e  t r a d i t i o n a l  v i e w  o f  

e s t r o g e n  p o t e n c y .

• T h e  s t e r o i d  h o r m o n e  e s t r i o l  ( E 3 )  r e g u l a t e s  e p i g e n e t i c  p r o g r a m m i n g  o f  f e t a l  m o u s e  b r a i n  a n d  r e p r o d u c t i v e  t r a c t .  B M C  B i o l .  2 0 2 2  M a y  2 ; 2 0 ( 1 ) : 9 3 .  d o i :  

1 0 . 1 1 8 6 / s 1 2 9 1 5 - 0 2 2 - 0 1 2 9 3 - 4 .  P M I D :  3 5 4 9 1 4 2 3 ;  P M C I D :  P M C 9 0 5 9 3 6 8 .

• M e a s u r e  e s t r i o l  d u r i n g  p r e g n a n c y ?
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Estriol (And 2 MEO) Can Be Used To Predict Preeclampsia 
Risk
• E s t r i o l i s  p r o d u c e d  b y  t h e  p l a c e n t a  b y  t h e  c o n v e r s i o n  o f  1 6 - h y d r o x y - d e h y d r o e p i a n d r o s t e r o n e  s u l f a t e  t o  a n d r o g e n s ,  w h i c h  a r e  

s u b s e q u e n t l y  a r o m a t i z e d  t o  e s t r i o l .  

• I t  h a s  b e e n  h y p o t h e s i z e d  t h a t  i m p a i r e d  o r  r e d u c e d  a c t i v i t y  o f  p l a c e n t a l s u l f a t a s e m a y  l o w e r  t h e  m i d - t r i m e s t e r  m a t e r n a l  l e v e l s  o f  

e s t r i o l . 1 3 4

• I n  1 9 9 6 ,  S a n t o l a y a - F o r g a s e t  a l . 1 3 5 r e p o r t e d  t h a t  w o m e n  w i t h  u n e x p l a i n e d  l o w  s e c o n d - t r i m e s t e r m a t e r n a l  s e r u m u n c o n j u g a t e d  e s t r i o l  

h a d  a n  i n c r e a s e d  r i s k  o f  a d v e r s e  p r e g n a n c y  o u t c o m e s ,  i n c l u d i n g p r e e c l a m p s i a ,  a n d  s u g g e s t e d  t h a t  m e a s u r e m e n t s  o f  t h i s  e s t r o g e n  

c o u l d  b e  a  u s e f u l  p r e d i c t o r  o f c o m p l i c a t i o n s  o f  p r e g n a n c y .  

• T h e  a c c u r a c y  o f  u n c o n j u g a t e d  e s t r i o l  i n  p r e d i c t i n g  p r e e c l a m p s i a  ( u s i n g  a s  c u t - o f f s  0 . 5 0 ,  0 . 8 5 ,  0 . 8 6 ,  a n d  0 . 9 0  M o M )  w a s  r e p o r t e d  i n  

f i v e  s t u d i e s  ( n = 5 6 , 5 1 3 ) . 1 1 8 , 1 1 9 , 1 2 4 , 1 3 6 , 1 3 7

• I n  2 0 0 9 ,  h o w e v e r ,  w e  h a v e  w i t n e s s e d  r e n e w e d  i n t e r e s t  i n  m e a s u r i n g  e s t r o g e n  m e t a b o l i t e s  f o r  t h e  p r e d i c t i o n  o f  p r e e c l a m p s i a .  A  

r e c e n t  a r t i c l e  p u b l i s h e d  i n Natu r e 1 3 8 d e s c r i b e d  a  g e n e t i c  m o u s e  m o d e l  o f  p r e e c l a m p s i a  p r o d u c e d  b y  k n o c k i n g  o u t  t h e  c a t e c h o l - O -

m e t h y l t r a n s f e r a s e  ( C O M T )  g e n e ,  r e s u l t i n g  i n  r e d u c e d  2 - m e t h o x y e s t r a d i o l  ( 2 - M E)  l e v e l s .  T h e  a u t h o r s  a l s o  r e p o r t e d  t h a t  c i r c u l a t i n g

l e v e l s  o f  b o t h  C O M T  a n d  2 - M E  w e r e  s i g n i f i c a n t l y  l o w e r  i n  w o m e n  w i t h  s e v e r e  p r e e c l a m p s i a ,  a n d  w e r e  e m b a r k i n g  o n  a  l a r g e  s t u d y  t o  

d e t e r m i n e  i f  2 - M E  l e v e l s  d e c r e a s e  b e f o r e  t h e  a p p e a r a n c e  o f  h u m a n  p r e e c l a m p s i a ,  a n d  t h e i r  a p p l i c a b i l i t y  a s  a  p r e d i c t i v e  t e s t .

• T e s t s  t o  P r e d i c t  P r e e c l a m p s i a A g u s t i n C o n d e - A g u d e l o ,  . . . M a r s h a l l  D . L i n d h e i m e r ,  i n C h e s l e y ' s  H y p e r t e n s i v e  D i s o r d e r s  i n  P r e g n a n c y  

( T h i r d  E d i t i o n ) ,  2 0 0 9

Estriol maintains ovulation

• Estriol signals ER beta 

• ER beta signals the corpus luteum to produce progesterone and oxytocin.

• Estriol rules ovulation. Thus you may use it to try to “reboot” ovulatory issues, knowing 

this physiololgy.
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Estriol Reboot – using estriol to treat premature ovarian 
failure
• A bs t rac t

• O B J E C T I VE :  

• T o eva lu a t e t he  inf lu e n c e  of  s hor t - t er m es t r io l  a dmini s t r a t io n  ( 1 0  d)  on  t he  hyp ot ha la mu s - p i t u i t a r y  f u nc t ion  a nd  gona d ot r op i ns  

s ec r et i o n  in  p a t ien t s  a f fec t ed  b y fu nc t iona l  hyp ot ha l a mi c  a men or r h ea  (F H A) .

• S T U D Y DE S I G N :  

• C ont r o l l ed  c l in ica l  s t u dy  on p a t ien t s  wi t h  F H A ( n  =   1 2 )  in  a  c l in ica l  r es ea r c h  envi r o n m ent .

• I N T E R VE N T I O N ( S ) :  

• H or mona l  det er mi na t i o n s  a nd  gona dot r o p i n  ( lu t ein i z i n g hor mo n e [ L H ]  a nd  F S H)  r es p ons e t o  a  gona d ot r op i n - r e l ea s i n g  hor mo n e (G nR H )  

b olu s  (1 0   μ g)  a t  b a s e l in e c ondi t i o n  a nd  a f t er  1 0  d  of  t her a p y  wi t h  2   mg/ d  of  es t r io l  p er  os .

• MA I N  O U T C O M E  M E A S UR E (S ) :  

• M ea s u r ement s  of  p la s ma  L H ,  F S H ,  p r o la c t in ,  es t r a d io l ,  a ndr os t en e d i o n e ,  1 7 α -hydr ox y p r o g es t er o n e ,  ins u l in ,  c or t i s o l ,  t hyr oid-

s t imu la t ing  hor mo n e,  f r ee  t r i iodot h y r o n i n e ,  a nd  f r ee  t hyr ox in e .

• R E S U L T ( S ) :  

• Aft er  t r ea t ment ,  t he  F HA p a t ien t s  s how ed a  s t a t i s t i ca l ly  s ign i f i ca n t  inc r ea s e of  b o t h  L H  a nd F S H  p la s ma  leve l s  a nd  t he  s ign i f i c a nt  

inc r ea s e of  t hei r  r es p ons es  t o  t he G nR H  b olu s .

• C O N C L U S I O N (S ) :  

• E s t r io l  s hor t - t er m t her a p y  modu la t es  wi t h in  1 0  d  of  a dmini s t r a t io n  t he neu r oen d o c r i n e  cont r o l  of  t he hyp ot ha la mu s - p i t u i t a r y  u ni t a nd  

indu ces  t he r ec ov er y  of  b o t h gona dot r op i ns  s ynt hes i s  a nd  s ec r e t io n  in  hyp og o n a d ot r op ic  p a t ien t s  wi t h  F H A.

•

• G ynec o l  E ndoc r in o l . 2 0 1 6 ; 3 2 (3 ) :2 5 3 - 7 .  doi :  1 0 . 3 1 0 9 / 0 9 5 1 3 5 9 0 . 2 0 1 5 . 1 1 1 8 4 5 2 .  E p u b  2 0 1 5  D ec  3 .

• S ho rt - te r m es t r io l  admi n is t r at io n  mo dul a te s  hy po tha l a m o - pi t u i t ar y  func t io n  in pat ie nt s  wi th func t io n a l  hy po t ha l a mi c  

ame no r r he a  ( FH A ) .

Young Female

• 30 years old

• Severe anxiety, brain fog, shakes, joint pain

• Oligomenorrhea - Oligomenorrhea is  def ined as irregular  and inconsistent  menstrual  blood f low in a 

woman

• FSH 150

• Gave Receptor Detox, Hormone B & Protect, pregnenolone, progesterone, 

• Niacinamide

• Within one week no more anxiety
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Case Report – Estriol Reboot
• 29 years old premature ovarian fai lure

• Gave 10 mg of estr iol

• TSH 2.98  Free T3 of 2.2

• She was on levothyroxine 75 mcg

• Added 5 mcg SR T3 or Biotics GTA II (three on ris ing, has act ive T3)

• Progesterone mid cycle higher dose halved dose al l  other days except menstruation should i t 

occur

• Receptor Detox

• Hormone Balance & Protect

• Check thyroid (TSH, Free T3, Free T4, TBG) Many cases of infert i l i ty driven by subcl inical 

hypothyroidism.

ESTRIOL

• S i g n a l s  E R  b e t a

• C o n t r o l s  o v u l a t i o n

• C o n t r o l s  e p i g e ne t i c s

• C o n t r o l s  g r o w t h

• A n t i - i n f l a m m a t o r y

• A n t i - c a r c i n o g e n i c

• A n t i - s t i c k y  ( l i n i n g  o f  e p i t h e l i u m  i n  b l o o d  v e s s e l s )

• C a n  b e  u s e d  i n  m a l e s  a l s o  s i n c e  s u c h  a  we a k  a c t i n g  
e s t r o g e n  ( 1 / 8 t h a s  p o t e n t  a s  e s t r a d i o l )
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Estriol Can be used with MS
• R e b o o t  o v u a t i o n ( e s t r i o l  r e b o o t )

• D e c r e a s e  i n f l a m m a t i o n  e s p .  i n  b r a i n

• A  P I L O T  T R I A L  O F  E S T R I O L  T R E A T M E N T  I N  M U L T I P L E  S C L E R O S I S

• B e c a u s e e s t r i o l i s  t h e  m a j o r e s t r o g e n o f  p r e g n a n c y ,  a n d  b e c a u s e  a n e s t r i o l d o s e  t h a t  y i e l d e d  a  p r e g n a n c y  l e v e l  i n  m i c e  w a s  p r o t e c t i v e  i n  E A E , 8 8 e s t r i o l  w a s  a d m i n i s t e r e d  i n  a  

p r o s p e c t i v e  p i l o t  c l i n i c a l  t r i a l  t o  w o m e n  w i t h  M S ,  i n  a n  a t t e m p t  t o  r e c a p i t u l a t e  t h e  p r o t e c t i v e  e f f e c t  o f  p r e g n a n c y  o n  d i s e a s e . 1 1 1

• A  c r o s s o v e r s t u d y  w a s  u s e d  w h e r e b y  p a t i e n t s  w e r e  m o n i t o r e d  f o r  6  m o n t h s  b e f o r e  t r e a t m e n t  t o  e s t a b l i s h  b a s e l i n e  d i s e a s e  a c t i v i t y ; m o n i t o r i n g  i n c l u d e d  c e r e b r a l  M R I  e v e r y  m o n t h  a n d  

n e u r o l o g i c  e x a m i n a t i o n  e v e r y  3  m o n t h s .  

• T h e  p a t i e n t s  w e r e  t h e n  t r e a t e d  w i t h  o r a l  e s t r i o l  ( 8  m g / d a y )  f o r  6  m o n t h s ,  t h e n  o b s e r v e d  f o r  6  m o r e  m o n t h s  i n  t h e  p o s t - t r e a t m e n t  p e r i o d .  

• S i x  p a t i e n t s  w i t h  R R M S  a n d  f o u r  w i t h  S P M S  f i n i s h e d  t h e  1 8 - m o n t h  s t u d y  p e r i o d .  T h e  R R M S  s u b j e c t s  w e r e  t h e n  r e t r e a t e d  w i t h  o r a l  e s t r i o l  a n d p r o g e s t e r o n e i n  a  4 - m o n t h  e x t e n s i o n  

p h a s e .

• E s t r i o l  t r e a t m e n t  r e s u l t e d  i n  s e r u m  e s t r i o l  l e v e l s  t h a t  a p p r o x i m a t e d  l e v e l s  o b s e r v e d  i n  u n t r e a t e d ,  h e a l t h y  c o n t r o l  w o m e n  w h o  w e r e  6  m o n t h s  p r e g n a n t .

• W h e n  P B M C s  w e r e  s t i m u l a t e d  e x  v i v o ,  a  f a v o r a b l e  s h i f t  i n  c y t o k i n e  p r o f i l e  ( d e c r e a s e d T N F - α ,  i n c r e a s e d  I L - 1 0  a n d  I L - 5 )  w a s  o b s e r v e d  d u r i n g  t r e a t m e n t ,  c o m p a r e d  w i t h  b a s e l i n e . 1 1 2 O n  

s e r i a l  M R I s ,  t h e  R R M S  p a t i e n t s  d e m o n s t r a t e d  a n  8 0 %  r e d u c t i o n  i n  g a d o l i n i u m - e n h a n c i n g  l e s i o n s  w i t h i n  3  m o n t h s  o f  t r e a t m e n t ,  c o m p a r e d  w i t h  p r e t r e a t m e n t , 1 1 1 a n d  t h i s  i m p r o v e m e n t  

c o r r e l a t e d  w i t h  t h e  f a v o r a b l e  s h i f t  i n  c y t o k i n e  p r o f i l e s . 1 1 2 I m p o r t a n t l y ,  g a d o l i n i u m - e n h a n c i n g  d i s e a s e  a c t i v i t y  g r a d u a l l y  r e t u r n e d  t o  b a s e l i n e  i n  t h e  p o s t - t r e a t m e n t  p e r i o d ,  a n d  t h e  

f a v o r a b l e  c y t o k i n e  s h i f t  a l s o  r e t u r n e d  t o  b a s e l i n e .  F u r t h e r ,  d u r i n g  t h e  4 - m o n t h  e x t e n s i o n  p h a s e  o f  t h e  s t u d y ,  b o t h  t h e  d e c r e a s e  i n  b r a i n - e n h a n c i n g  l e s i o n s  a n d  t h e  f a v o r a b l e  i m m u n e  

s h i f t  r e t u r n e d  o n  r e t r e a t m e n t  w i t h  e s t r i o l  i n  c o m b i n a t i o n  w i t h  p r o g e s t e r o n e  i n  t h e  R R M S  g r o u p .  T h e s e  l a t t e r  d a t a  h a v e  i m p o r t a n t  t r a n s l a t i o n a l  i m p l i c a t i o n s ,  b e c a u s e  p r o g e s t e r o n e  

t r e a t m e n t  i s  n e e d e d  i n  c o m b i n a t i o n  w i t h  e s t r o g e n  t r e a t m e n t  t o  p r e v e n t  u t e r i n e  e n d o m e t r i a l h y p e r p l a s i a w h e n  e s t r i o l  i s  a d m i n i s t e r e d  f o r  1  y e a r  o r  l o n g e r .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  

t r e a t m e n t  w i t h  p r o g e s t e r o n e  i n  c o m b i n a t i o n  w i t h  e s t r i o l  d i d  n o t  n e u t r a l i z e  t h e  b e n e f i c i a l  e f f e c t  o f  e s t r i o l  t r e a t m e n t  o n  t h e s e  b i o m a r k e r s  o f  d i s e a s e .  A  m u l t i c e n t e r ,  d o u b l e - b l i n d ,  

p l a c e b o - c o n t r o l l e d  t r i a l  o f  e s t r i o l  t r e a t m e n t  i n  R R M S  i s  n o w  o n g o i n g .

• M U L T I P L E  S C L E R O S I S  3 R h o n d a V o s k u h l ,  i n B l u e  B o o k s  o f  N e u r o l o g y ,  2 0 1 0  A  P I L O T  T R I A L  O F  E S T R I O L  T R E A T M E N T  I N  M U L T I P L E  S C L E R O S I S

Estriol RRMS
•

R e l a p s i n g  r e m i t t i n g M S  i s a  t y p e  o f  M S  w h e r e  y o u  h a v e  r e l a p s e s  ( s y m p t o m s  g e t t i n g  w o r s e )  f o l l o w e d  b y  r e c o v e r y ( t h a t ' s  w h e n  i t ' s  “ r e m i t t i n g ” ) .  Y o u r  d i s a b i l i t y  d o e s n ' t  

g e t  w o r s e  b e t w e e n  r e l a p s e s  b u t  a f t e r  e a c h  r e l a p s e  i t  c a n  e n d  u p  w o r s e  t h a n  b e f o r e .

• M o r e  r e c e n t l y ,  a  d o u b l e - b l i n d ,  p l a c e b o - c o n t r o l l e d ,  m u l t i c e n t e r  p h a s e  2  t r i a l  w a s  c o n d u c t e d  t o  t e s t  t h e  s a f e t y  a n d  e f f i c a c y  o f  o r a l  e s t r i o l  a s  a n  a d d - o n  t r e a t m e n t  i n  

w o m e n  w i t h  R R M S  ( V o s k u h l  e t a l . ,  2 0 1 6 ) .  

• 1 6 4  w o m e n  a g e d  1 8 – 5 0  w i t h  R R M S  w e r e  r a n d o m l y  a s s i g n e d  t o  r e c e i v e  e i t h e r  d a i l y  o r a l  e s t r i o l  ( 8 m g )  o r p l a c e b o ,  i n  c o m b i n a t i o n  w i t h  d a i l y ,  i n j e c t a b l e g l a t i r a m e r  

a c e t a t e ( 2 0 m g ) .  

• 6 0  p a t i e n t s  r e c e i v i n g  e s t r i o l  a n d  5 6  p a t i e n t s  i n  t h e  p l a c e b o  g r o u p  f i n i s h e d  t h e  s t u d y .  T h e  p r i m a r y  s t u d y  e n d p o i n t  w a s  a n n u a l i z e d r e l a p s e  r a t e  a f t e r  2 4 m o n t h s  o f  

t r e a t m e n t  ( s i g n i f i c a n c e  l e v e l  o f ≤ p = 0 . 1 0 ) ,  a s  c o n f i r m e d  b y  i n c r e a s e  i n E x p a n d e d  D i s a b i l i t y  S t a t u s  S c a l e ( E D S S )  s c o r e .  

• T h e  s t u d y  f o u n d  a n  a n n u a l i z e d  c o n f i r m e d  r e l a p s e  r a t e  o f  0 . 2 5  ( 9 5 %  C I  0 . 1 7 – 0 . 3 7 )  r e l a p s e s  p e r  y e a r  i n  t h e  e s t r i o l  g r o u p  a n d  0 . 3 7  ( 9 5 %  C I  0 . 3 7 – 1 . 0 5 )  r e l a p s e s  p e r  y e a r  i n  

t h e  p l a c e b o  g r o u p .  

• T h e  a n n u a l i z e d  r e l a p s e  e v e n t  r a t e  a n d  t h e  t i m e  t o  c o n f i r m e d  r e l a p s e  w e r e  a l s o  r e d u c e d  i n  t h e  e s t r i o l  g r o u p .  

• E s t r i o l  w a s  w e l l  t o l e r a t e d  w i t h  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  s e r i o u s  a d v e r s e  e v e n t s  b e t w e e n  s t u d y  g r o u p s .  I m p o r t a n t l y ,  p o s t h o c M R I  s t u d i e s  u s i n g  v o l u m e t r y  a t  t h e  1 2 -

m o n t h  t i m e  p o i n t  s h o w e d  l e s s  c o r t i c a l  g r a y  m a t t e r  a t r o p h y  i n  t h e  e s t r i o l  g r o u p  t h a t  i n  t h e  p l a c e b o  g r o u p s .  

• F u r t h e r ,  p a t i e n t s  i n  t h e  e s t r i o l  g r o u p  w i t h o u t  e n h a n c i n g  l e s i o n s  h a d  l e s s  g r a y  m a t t e r  a t r o p h y  t h a n  c o n t r o l s ,  s u g g e s t i n g  a  d i r e c t  n e u r o p r o t e c t i v e  e f f e c t  o f  e s t r i o l  

t r e a t m e n t  t h a t  i s  i n d e p e n d e n t  o f  a n t i - i n f l a m m a t o r y  e f f e c t s  ( V o s k u h l  e t a l . ,  2 0 1 6 ) .  T h i s  l a t t e r  f i n d i n g  s u g g e s t s  t h a t  f u t u r e  s t u d i e s  s h o u l d  e v a l u a t e  e s t r i o l  t r e a t m e n t  i n  

p r o g r e s s i v e  d i s e a s e .  O v e r a l l ,  t h i s  r e c e n t  t r i a l  d e m o n s t r a t e s  t h a t  a  p h a s e  3  t r i a l  o f  e s t r i o l  i n  c o m b i n a t i o n  w i t h  g l a t i r a m e r  a c e t a t e  i s  w a r r a n t e d .

• C l i n i c a l l y  I m p o r t a n t  H o r m o n e  E f f e c t s  o n  B r a i n  a n d  B e h a v i o r R . V o s k u h l , T a i a T . W a n g ,  i n H o r m o n e s ,  B r a i n  a n d  B e h a v i o r  ( T h i r d  E d i t i o n ) ,  2 0 1 7
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Estriol MS
• E s t r o g e n s  h a v e  n e u r o p r o t e c t i v e  a c t i o n s  d e p e n d i n g  o n  e s t r o g e n  t y p e ,  d o s e ,  a n d  t i m i n g  i n  b o t h  p r e c l i n i c a l  m o d e l s  a n d  i n  w o m e n  d u r i n g  h e a l t h  a n d  d i s e a s e .  

• S e r u m  n e u r o f i l a m e n t  l i g h t  c h a i n  i s  a  p u t a t i v e  b i o m a r k e r  o f  n e u r o d e g e n e r a t i o n  i n  m u l t i p l e  s c l e r o s i s ,  a g i n g ,  a n d  o t h e r  n e u r o d e g e n e r a t i v e  d i s e a s e s .  

• H e r e ,  o r a l  t r e a t m e n t  w i t h  a n  e s t r o g e n  u n i q u e  t o  p r e g n a n c y  ( e s t r i o l )  u s i n g  a n  8  m g  d o s e  t o  i n d u c e  a  m i d - p r e g n a n c y  b l o o d  e s t r i o l  l e v e l  r e d u c e d  s e r u m  

n e u r o f i l a m e n t  l i g h t  c h a i n  i n  n o n p r e g n a n t  M S  w o m e n  a t  m e a n  a g e  o f  3 7  y e a r s .  

• T h i s  i s  c o n s i s t e n t  w i t h  e s t r i o l - m e d i a t e d  p r o t e c t i o n  f r o m  n e u r o - a x o n a l  i n j u r y  a n d  s u p p o r t s  t h e  u s e  o f  s e r u m  n e u r o f i l a m e n t  l i g h t  c h a i n  a s  a  b i o m a r k e r  i n  

M S .

• D e c r e a s e d  n e u r o f i l a m e n t  l i g h t  c h a i n  l e v e l s  i n  e s t r i o l - t r e a t e d  m u l t i p l e  s c l e r o s i s .  A n n  C l i n  T r a n s l N e u r o l .  2 0 2 2  A u g ; 9 ( 8 ) : 1 3 1 6 - 1 3 2 0 .  d o i :  

1 0 . 1 0 0 2 / a c n 3 . 5 1 6 2 2 .  E p u b  2 0 2 2  J u n  2 9 .  P M I D :  3 5 7 7 0 3 1 8 ;  P M C I D :  P M C 9 3 8 0 1 7 0 .

•

U C L A  M u l t i p l e  S c l e r o s i s  P r o g r a m ,  D e p a r t m e n t  o f  N e u r o l o g y ,  D a v i d  G e f f e n  S c h o o l  o f  M e d i c i n e  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  L o s  A n g e l e s ,  C a l i f o r n i a ,  U S A .

• 2 N e u r o l o g i c  C l i n i c  a n d  P o l i c l i n i c ,  D e p a r t m e n t s  o f  M e d i c i n e ,  B i o m e d i c i n e  a n d  C l i n i c a l  R e s e a r c h ,  U n i v e r s i t y  H o s p i t a l  B a s e l ,  U n i v e r s i t y  o f  B a s e l ,  B a s e l ,  

S w i t z e r l a n d .

• 3 J a n e  a n d  T e r r y  S e m e l I n s t i t u t e  f o r  N e u r o s c i e n c e  a n d  H u m a n  B e h a v i o r ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  L o s  A n g e l e s ,  C a l i f o r n i a ,  U S A .

• 4 A h m a n s o n - L o v e l a c e  B r a i n  M a p p i n g  C e n t e r ,  D e p a r t m e n t  o f  N e u r o l o g y ,  D a v i d  G e f f e n  S c h o o l  o f  M e d i c i n e  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  L o s  A n g e l e s ,  

C a l i f o r n i a ,  U S A .

Neuroprotective effects of estrogens and androgens in CNS 
inflammation and neurodegeneration
• M u lt ip le  s c le ro s i s  ( M S )  i s  a  d i s e a s e  c h a ra c te r i ze d  b y  in f la m m a t ion  a n d  d e mye l in a t ion .  

• C u rre n t ly,  t h e  c a u s e  o f  M S  i s  u n k n o w n .  Ex p e r im e n ta l  a u t o im m u n e  e n c e p h a lomye l i t i s  ( EA E)  i s  t h e  m ost  c om m on  m ou s e  m od e l  

o f  M S .  

• Tre a t m e n t s  w i t h  t h e  s ex  h o rm o n e s ,  e s t ro g e n s  a n d  a n d rog e n s ,  a re  c a p a b le  o f  o f fe r in g  d i s e a s e  p rote c t ion  d u r in g  EA E  a n d  a re  

c u rre n t ly  b e in g  u s e d  in  c l in i c a l  t r ia l s  o f  M S .  

• B e yon d  e n d o g e n o u s  e st ro g e n s  a n d  a n d ro g e n s ,  t re a t m e n t s  w i t h  s e le c t iv e  e st rog e n  re c e p t or  m od u la t ors  ( S ER M s )  for  e st rog e n  

re c e p t or  a lp h a  ( ER α )  a n d  e st ro g e n  re c e p t o r  b e ta  ( ER β )  a re  a l s o  c a p a b le  o f  p rov id in g  d i s e a s e  p rote c t ion .  

• Th is  p rote c t ion  in c lu d e s ,  b u t  i s  n o t  l im i te d  t o,  p re v e n t ion  o f  c l in i c a l  d i s e a s e ,  re d u c t ion  o f  C N S  in f la m m a t ion ,  p rote c t ion  

a ga in st  d e mye l in a t ion ,  a n d  p ro te c t ion  a ga in st  a xon a l  los s .  I n  EA E ,  c u r re n t  e f for t s  a re  foc u s e d  on  u s in g  c on d i t ion a l  c e l l  

s p e c i f i c  k n o c ko u t s  o f  s ex  h o rm o n e  re c e p t ors  t o  id e n t i f y  t h e  in  v iv o  ta rg e t s  o f  t h e s e  e st rog e n s  a n d  a n d rog e n s  a s  w e l l  a s  

d ow n st re a m  m o le c u le s  re s p o n s ib le  fo r  d i s e a s e  p rote c t ion .

• U n iv e rs i t y  o f  C a l i fo rn ia ,  L o s  A n g e le s ,  D e p a rt m e n t  o f  N e u ro log y,  U C L A  M u l t ip le  S c le ros i s  P rog ra m ,  6 3 5  C h a r le s  E  You n g  D r iv e  

S ou t h ,  N e u ro s c ie n c e  Re s e a rc h  B u i ld in g  1 ,  Ro o m  4 7 9 ,  L os  A n g e le s ,  C A  9 0 0 9 5 ,  U n i te d  S ta te s .  rory. s p e n c e @ u c la . e d u

• N e u rop rote c t iv e  e f fe c t s  o f  e st ro g e n s  a n d  a n d rog e n s  in  C N S  in f la m m a t ion  a n d  n e u rod e g e n e ra t ion .  F ron t  N e u roe n d oc r in o l .  

2 0 1 2  J a n ;3 3 ( 1 ) : 1 0 5 - 1 5 .  d o i :  1 0 . 1 0 1 6 / j .y f rn e . 2 0 1 1 . 1 2 . 0 0 1 .  Ep u b  2 0 1 1  D e c  2 4 .  P M I D :  2 2 2 0 9 8 7 0 ;  P M C I D :  P M C 3 6 1 6 5 0 6 .
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Estriol boosts gray matter health (esp good if see white 
matter dx)
• G r a y  m a t t e r  a t r o p h y  i s  a n  i m p o r t a n t  c o r r e l a t e  t o  c l i n i c a l  d i s a b i l i t y  i n  m u l t i p l e  s c l e r o s i s  ( M S ) ,  a n d  m a n y  t r e a t m e n t  t r i a l s  i n c l u d e  a t r o p h y  a s  a n  o u t c o m e  

m e a s u r e .

• A t r o p h y  h a s  b e e n  s h o w n  t o  o c c u r  i n  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( E A E ) ,  t h e  m o s t  c o m m o n l y  u s e d  a n i m a l  m o d e l  o f  M S .  

• T h e  c l i n i c a l  s e v e r i t y  o f  E A E  i s  r e d u c e d  i n  e s t r o g e n - r e a t e d  m i c e ,  b u t  i t  r e m a i n s  u n k n o w n  w h e t h e r  e s t r o g e n  t r e a t m e n t  c a n  r e d u c e  g r a y  m a t t e r  a t r o p h y  i n  

E A E .  

• I n  t h i s  s t u d y ,  m i c e  w i t h  E A E  w e r e  t r e a t e d  w i t h  e i t h e r  e s t r o g e n  r e c e p t o r  ( E R ) - α  l i g a n d  o r  E R - β  l i g a n d ,  a n d  d i f f u s i o n  t e n s o r  i m a g e s  ( D T I )  w e r e  c o l l e c t e d  

a n d  n e u r o p a t h o l o g y  w a s  p e r f o r m e d .

• D T I  s h o w e d  a t r o p h y  i n  t h e  c e r e b e l l a r  g r a y  m a t t e r  o f  v e h i c l e - t r e a t e d  E A E  m i c e  c o m p a r e d  w i t h  h e a l t h y  c o n t r o l s  b u t  n o t  i n  E R - α  o r  E R - β  l i g a n d - t r e a t e d  

E A E  m i c e .

• N e u r o p a t h o l o g y  d e m o n s t r a t e d  t h a t  P u r k i n j e  c e l l  n u m b e r s  w e r e  d e c r e a s e d  i n  v e h i c l e - t r e a t e d  E A E  m i c e ,  w h e r e a s  n e i t h e r  E R  l i g a n d - t r e a t e d  E A E  g r o u p s  

s h o w e d  a  d e c r e a s e .

• T h i s  i s  t h e  f i r s t  r e p o r t  o f  a  n e u r o p r o t e c t i v e  t h e r a p y  i n  E A E  t h a t  u n a m b i g u o u s l y  p r e v e n t s  g r a y  m a t t e r  a t r o p h y  w h i l e  s p a r i n g  a  m a j o r  n e u r o n a l  c e l l  t y p e .  

F r a c t i o n a l  a n i s o t r o p y  ( F A )  i n  t h e  c e r e b e l l a r  w h i t e  m a t t e r  w a s  d e c r e a s e d  i n  v e h i c l e - a n d  E R - β  l i g a n d - t r e a t e d  b u t  n o t  i n  E R - α  l i g a n d - t r e a t e d  E A E  m i c e .  

I n f l a m m a t o r y  c e l l  i n f i l t r a t i o n  w a s  i n c r e a s e d  i n  v e h i c l e - a n d  E R - β  l i g a n d - t r e a t e d  b u t  n o t  i n  E R - α  l i g a n d - t r e a t e d  E A E  m i c e .  M y e l i n  s t a i n i n g  w a s  d e c r e a s e d  

i n  v e h i c l e - t r e a t e d  E A E  m i c e  a n d  w a s  s p a r e d  i n  b o t h  E R  l i g a n d - t r e a t e d  g r o u p s .  T h i s  i s  c o n s i s t e n t  w i t h  d e c r e a s e d  F A  a s  a  p o t e n t i a l b i o m a r k e r  f o r  

i n f l a m m a t i o n  r a t h e r  t h a n  m y e l i n a t i o n  o r  a x o n a l  d a m a g e  i n  t h e  c e r e b e l l u m  i n  E A E .

• E s t r o g e n  t r e a t m e n t  p r e v e n t s  g r a y  m a t t e r  a t r o p h y  i n  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s .  J  N e u r o s c i R e s .  2 0 1 2  J u l ; 9 0 ( 7 ) : 1 3 1 0 - 2 3 .  d o i :  1 0 . 1 0 0 2 / j n r . 2 3 0 1 9 .  E p u b  2 0 1 2  M a r  1 3 .  P M I D :  2 2 4 1 1 6 0 9 ;  P M C I D :  P M C 3 3 5 0 6 1 4 .

• A h m a n s o n - L o v e l a c e  B r a i n  M a p p i n g  C e n t e r ,  D e p a r t m e n t  o f  N e u r o l o g y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  L o s  A n g e l e s ,  L o s  A n g e l e s ,  C A  9 0 0 9 5 ,  U S A .  a m g @ u c l a . e d u

White Brain Matter – identified on MRI

• W hite matter  is  made up of  a  larg e networ k of  nerve f ibers (axons)  in  your  br ain that  a l lows the 

exchange of  information and c ommunication between differ ent a reas of  your  b rain.  I t ’ s c al led  “white 

matter”  b ec ause the ner ve f ibers are c overed in a  protec tive sheath c al led myel in,  whic h gives the 

t issue its white c olor.

• T he sur fac e and deep a reas of  your br ain contain g ra y matter ,  whic h gets its  c olor  fr om the c el l  bodies 

of  neur ons.

• For  your  white matter  to be healthy,  it  needs good blood f low a nd nutr ients.

• Dec reased blood f low ( ischemia)  a nd nutr ients to  the white ma tter  c an c ause dama ge to these ner ve 

f ib er s (axons) inc luding swell ing,  br ea king  a nd c omp lete loss.  Just a s your lawn may not look healthy 

without watering and  nutrients (sunl ig ht  a nd fer t i l iz er ),  your  brain c an get  dama ged with poor blood 

f low a nd a n unhea lthy diet.
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Progesterone MS
• Exper ime nta l  autoimm u ne enc epha lo mye l i t i s  (EAE) ,  a n induce d mode l  of  Mult ip le  Sc leros is  present s  sp ina l  cord  

de mye l i na t io n ,  axona l  pat hol o g y and ne urona l  dysfu nc t i o n.  

• P re vious  wor k  has  show n t hat  progeste ron e  atte nu a te d the  c l in i ca l  seve r i t y,  de mye l in at i on  and neurona l  dysfu n ct i o n  

of  EAE mice  (Ga ray e t  a l . ,  J .  S tero id  Bioche m.  Mol .  B io l . ,  2008) .  

• H ere  w e  studie d i f  proge stero n e  a lso  prevente d axona l  damage ,  a  ma in  ca use  of  ne urolog ica l  d i sab i l i t y.  To  th is  end,  

some axona l  paramete rs  w e re  c ompa red in  EAE mic e  pret reated w i th  progeste ro n e  a  w eek  before  immuniza t i on  w it h  

MO G(40- 5 4 )  and in  a  group of  ste ro id- f re e  EAE mice .  O n day 16t h  a f ter  EAE  induct i o n,  w e  determined in  both  groups  

and in  c ont ro l  mic e :  a )  axona l  de ns i ty  in  semith in  sect ions  of  t he  sp ina l  c ord  vent ra l  fun ic u l u s ;  b)  appea ranc e  of  

amylo id  prec ursor  prote in  (AP P )  immunop o s i t i ve spheroid s  as  an  index  of  da ma ged axons ;  c )  le ve l s  of  t he  grow th 

assoc iate d prote in  G AP 43 mRN A and immunop os i t i ve c e l l  bodies ,  as  an  index  of  aber rant  axona l  sprout in g.  S tero id-

na ive  EAE mic e  show e d de c re ased axona l  dens i t y,  shr unken axons ,  abundanc e  of  i r regular  ves ic u la r  st ruc tures ,  

de ge nerat i n g AP P +  axons ,  increase d express i on  of  G AP 43 mRNA and immunorea c t i ve  prote in  in  motoneur on s .  

I nstead,  EAE mic e  rec e iv ing  progeste ro ne  t re atment  show e d increased axona l  c ounts ,  h igh  proport i o n of  sma l l  

d ia meter  axons ,  reduce d AP P +  prof i le s ,  and dec rea sed GAP 43 express ion.  I n  c onc lus i o n ,  progestero ne  enhanc ed 

axona l  dens i ty,  dec rea sed axona l  damage  and prevente d GAP 43 hyperexpr es s io n  in  t he  sp ina l  c ord  of  EAE mic e .

• Thus ,  progesteron e  a lso  exer t s  prote ct i ve  e ffec ts  on  t he  axona l  pat hol o gy  deve lop i n g  in  EAE  mice .

Protective effects of progesterone administration on axonal pathology in mice with 
experimental autoimmune encephalomyelitis

• E x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( E A E ) ,  a n  i n d u c e d  m o d e l  o f  M u l t i p l e  S c l e r o s i s  p r e s e n t s  s p i n a l  c o r d  d e m y e l i n a t i o n ,  a x o n a l  

p a t h o l o g y  a n d  n e u r o n a l  d y s f u n c t i o n .  P r e v i o u s  w o r k  h a s  s h o w n  t h a t  p r o g e s t e r o n e  a t t e n u a t e d  t h e  c l i n i c a l  s e v e r i t y ,  d e m y e l i n a t i o n a n d  

n e u r o n a l  d y s f u n c t i o n  o f  E A E  m i c e  ( G a r a y e t  a l . ,  J .  S t e r o i d  B i o c h e m .  M o l .  B i o l . ,  2 0 0 8 ) .  

• H e r e  w e  s t u d i e d  i f  p r o g e s t e r o n e  a l s o  p r e v e n t e d  a x o n a l  d a m a g e ,  a  m a i n  c a u s e  o f  n e u r o l o g i c a l  d i s a b i l i t y .  

• T o  t h i s  e n d ,  s o m e  a x o n a l  p a r a m e t e r s  w e r e  c o m p a r e d  i n  E A E  m i c e  p r e t r e a t e d  w i t h  p r o g e s t e r o n e  a  w e e k  b e f o r e  i m m u n i z a t i o n  w i t h  

M O G ( 4 0 - 5 4 )  a n d  i n  a  g r o u p  o f  s t e r o i d - f r e e  E A E  m i c e .  O n  d a y  1 6 t h  a f t e r  E A E  i n d u c t i o n ,  w e  d e t e r m i n e d  i n  b o t h  g r o u p s  a n d  i n  c o n t r o l

m i c e :  a )  a x o n a l  d e n s i t y  i n  s e m i t h i n  s e c t i o n s  o f  t h e  s p i n a l  c o r d  v e n t r a l  f u n i c u l u s ;  b )  a p p e a r a n c e  o f  a m y l o i d  p r e c u r s o r  p r o t e i n ( A P P )  

i m m u n o p o s i t i v e s p h e r o i d s  a s  a n  i n d e x  o f  d a m a g e d  a x o n s ;  c )  l e v e l s  o f  t h e  g r o w t h  a s s o c i a t e d  p r o t e i n  G A P 4 3  m R N A  a n d  i m m u n o p o s i t i v e

c e l l  b o d i e s ,  a s  a n  i n d e x  o f  a b e r r a n t  a x o n a l  s p r o u t i n g .  S t e r o i d - n a i v e  EA E  m i c e  s h o w e d  d e c r e a s e d  a x o n a l  d e n s i t y ,  s h r u n k e n  a x o n s ,  

a b u n d a n c e  o f  i r r e g u l a r  v e s i c u l a r  s t r u c t u r e s ,  d e g e n e r a t i n g  A P P +  a x o n s ,  i n c r e a s e d  e x p r e s s i o n  o f  G A P 4 3  m R N A  a n d  i m m u n o r e a c t i v e  

p r o t e i n  i n  m o t o n e u r o n s .  I n s t e a d ,  E A E  m i c e  r e c e i v i n g  p r o g e s t e r o n e  t r e a t m e n t  s h o w e d  i n c r e a s e d  a x o n a l  c o u n t s ,  h i g h  p r o p o r t i o n  o f

s m a l l  d i a m e t e r  a x o n s ,  r e d u c e d  A P P +  p r o f i l e s ,  a n d  d e c r e a s e d  G A P 4 3  e x p r e s s i o n .

•  I n  c o n c l u s i o n ,  p r o g e s t e r o n e  e n h a n c e d  a x o n a l  d e n s i t y ,  d e c r e a s e d  a x o n a l  d a m a g e  a n d  p r e v e n t e d  G A P 4 3  h y p e r e x p r e s s i o n  i n  t h e  s p i n a l  

c o r d  o f  E A E  m i c e .  T h u s ,  p r o g e s t e r o n e  a l s o  e x e r t s  p r o t e c t i v e  e f f e c t s  o n  t h e  a x o n a l  p a t h o l o g y  d e v e l o p i n g  i n  E A E  m i c e .

• P r o t e c t i v e  e f f e c t s  o f  p r o g e s t e r o n e  a d m i n i s t r a t i o n  o n  a x o n a l  p a t h o l o g y  i n  m i c e  w i t h  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s .

B r a i n  R e s .  2 0 0 9  A u g  4 ; 1 2 8 3 : 1 7 7 - 8 5 .  d o i :  1 0 . 1 0 1 6 / j . b r a i n r e s . 2 0 0 9 . 0 4 . 0 5 7 .  E p u b  2 0 0 9  J u n  2 .  P M I D :  1 9 4 9 7 3 0 9 .
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Roles of Progesterone, Testosterone and Their Nuclear Receptors in Central 
Nervous System Myelination and Remyelination

• P r o g e s t e r o n e  a n d  t e s t o s t e r o n e ,  b e y o n d  t h e i r  r o l e s  a s  s e x  h o r m o n e s ,  a r e  n e u r o a c t i v e  s t e r o i d s ,  p l a y i n g  c r u c i a l  r e g u l a t o r y  f u n c t i o n s  

w i t h i n  t h e  n e r v o u s  s y s t e m .  A m o n g  t h e s e ,  n e u r o p r o t e c t i o n  a n d  m y e l i n  r e g e n e r a t i o n  a r e  i m p o r t a n t  o n e s .  

• T h e  p r e s e n t  r e v i e w  a i m s  t o  d i s c u s s  t h e  s t i m u l a t o r y  e f f e c t s  o f  p r o g e s t e r o n e  a n d  t e s t o s t e r o n e  o n  t h e  p r o c e s s  o f  m y e l i n a t i o n  a n d

r e m y e l i n a t i o n .  

• T h e s e  e f f e c t s  h a v e  b e e n  d e m o n s t r a t e d  i n  v i t r o  ( i . e . ,  o r g a n o t y p i c  c u l t u r e s )  a n d  i n  v i v o  ( c u p r i z o n e - o r  l y s o l e c i t h i n - i n d u c e d  

d e m y e l i n a t i o n  a n d  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( EA E ) ) .  B o t h  s t e r o i d s  s t i m u l a t e  m y e l i n  f o r m a t i o n  a n d  r e g e n e r a t i o n b y

a c t i n g  t h r o u g h  t h e i r  r e s p e c t i v e  i n t r a c e l l u l a r  r e c e p t o r s :  p r o g e s t e r o n e  r e c e p t o r s  ( P R )  a n d  a n d r o g e n  r e c e p t o r s  ( A R ) .  A c t i v a t i o n  o f  t h e s e  

r e c e p t o r s  r e s u l t s  i n  m u l t i p l e  e v e n t s  i n v o l v i n g  d i r e c t  t r a n s c r i p t i o n  a n d  t r a n s l a t i o n ,  r e g u l a t i n g  g e n e r a l  h o m e o s t a s i s ,  c e l l  p r o l i f e r a t i o n ,  

d i f f e r e n t i a t i o n ,  g r o w t h  a n d  m y e l i n a t i o n .  I t  a l s o  a m e l i o r a t e s  i m m u n e  r e s p o n s e  a s  s e e n  i n  t h e  E A E  m o d e l ,  r e s u l t i n g  i n  a  s i g n i f i c a n t  

d e c r e a s e  i n  i n f l a m m a t i o n  l e a d i n g  t o  a  f a s t  r e c o v e r y .  

• A l t h o u g h  n a t u r a l  p r o g e s t e r o n e  a n d  t e s t o s t e r o n e  h a v e  a  t h e r a p e u t i c  p o t e n t i a l ,  t h e i r  s y n t h e t i c  d e r i v a t i v e s - t h e  1 9 - n o r p r o g e s t e r o n e  

( n e s t o r o n e )  a n d  7 α - m e t h y l - n o r t e s t o s t e r o n e ( M E N T ) ,  a l r e a d y  u s e d  a s  h o r m o n a l  c o n t r a c e p t i o n  o r  i n  p o s t m e n o p a u s a l  h o r m o n e  

r e p l a c e m e n t  t h e r a p i e s ,  m a y  o f f e r  e n h a n c e d  b e n e f i t s  f o r  m y e l i n  r e p a i r .  

• W e  s u m m a r i z e  h e r e  a  r e c e n t  a d v a n c e m e n t  i n  t h e  f i e l d  o f  m y e l i n  b i o l o g y ,  t o  t r e a t  d e m y e l i n a t i n g  d i s o r d e r s  u s i n g  t h e  n a t u r a l  a s  w e l l  a s  

s y n t h e t i c  a n a l o g s  o f  p r o g e s t e r o n e  a n d  t e s t o s t e r o n e .

• P r o t e c t i v e  e f f e c t s  o f  p r o g e s t e r o n e  a d m i n i s t r a t i o n  o n  a x o n a l  p a t h o l o g y  i n  m i c e  w i t h  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s .

B r a i n  R e s .  2 0 0 9  A u g  4 ; 1 2 8 3 : 1 7 7 - 8 5 .  d o i :  1 0 . 1 0 1 6 / j . b r a i n r e s . 2 0 0 9 . 0 4 . 0 5 7 .  E p u b  2 0 0 9  J u n  2 .  P M I D :  1 9 4 9 7 3 0 9 .

Progesterone helps make myelin

• Progesterone is  synthesized in the nervous  system by  neurons and g l ia l  cells .  Because of  their  s imple 

structure,  plast ic ity  and capacity  of regenerat ion,  peripheral  nerves  are particular ly  well  suited for 

study ing  the biosynthesis ,  mechanisms of  action and effects  of  the hormone.  

• Schwann cel ls ,  the myel inat ing g lia l  cel ls  in  the per ipheral  nervous system,  synthesize progesterone in 

response to a diffus ible neuronal  s ignal.

• In  peripheral nerves,  the local  synthesis  of  progesterone plays  an important role in  the formation of  

myel in sheaths .  

• Progesterone synthesis  and myel in formation in peripheral nerves.  Brain Res  Brain Res  Rev.  2001 

Nov;37(1-3):343-59.  doi:  10.1016/s0165-0173(01)00139-4.  PMID:  11744099.
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Neurosteroidogenesis and progesterone anti-
inflammatory/neuroprotective effects
• P r o g e s t e r o n e  s h o w s  a n t i - i n f l a m m a t o r y  a n d  p r o m y e l i n a t i n g  e f f e c t s  i n  m i c e  w i t h  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( E A E ) ,  a  c o m m o n l y  u s e d  m o d e l  

f o r  m u l t i p l e  s c l e r o s i s  ( M S ) .  

• B e c a u s e  n e u r o s t e r o i d s h a v e  b e e n  i m p l i c a t e d  a s  p r o t e c t i v e  f a c t o r s  f o r  M S  a n d  E A E ,  w e  a n a l y s e d t h e  e x p r e s s i o n  o f  n e u r o s t e r o i d o g e n i c e n z y m e s  i n  t h e  

c o m p r o m i s e d  s p i n a l  c o r d  o f  E A E  m i c e .  

• E A E  w a s  i n d u c e d  i n  f e m a l e  C 5 7 B l 6  m i c e ,  w h i c h  w e r e  t h e n  k i l l e d  o n  d a y  1 6  a f t e r  i n d u c t i o n .  P r o g e s t e r o n e  w a s  g i v e n  b y  p e l l e t  i m p l a n t a t i o n  1  w e e k  b e f o r e  

E A E  i n d u c t i o n .  U n t r e a t e d  E A E  m i c e  s h o w e d  d e c r e a s e d  m R N A s  f o r  t h e  s t e r o i d o g e n i c  a c u t e  r e g u l a t o r y  p r o t e i n  ( S t a r ) ,  v o l t a g e - d e p e n d e n t  a n i o n  c h a n n e l  

( V D A C ) ,  c h o l e s t e r o l  s i d e - c h a i n  c l e a v a g e  ( P 4 5 0 s c c ) ,  5 α - r e d u c t a s e ,  3 α - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( 3 α - H S O R )  a n d  a r o m a t a s e ,  w h e r e a s  c h a n g e s  o f  3 β -

h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( 3 β - H S D )  w e r e  n o t  s i g n i f i c a n t .  m R N A  t r a n s l o c a t o r  p r o t e i n  ( 1 8  k D a )  ( T S P O )  w a s  e l e v a t e d ,  c o n c o m i t a n t l y  w i t h  a  r e a c t i v e  

m i c r o g l i o s i s .  E A E  m i c e  a l s o  s h o w e d  a b n o r m a l  m i t o c h o n d r i a l  u l t r a s t r u c t u r e  i n  a x o n s  a n d  n e u r o n a l  b o d i e s ,  a s  w e l l  a s  r e d u c e d  e x p r e s s i o n  o f  f i s s i o n  a n d  

f u s i o n  p r o t e i n  m R N A s .  P r o g e s t e r o n e  p r e t r e a t m e n t  b e f o r e  E A E  i n d u c t i o n  i n c r e a s e d  S t a r ,  V D A C ,  P 4 5 0 s c c ,  5 α - r e d u c t a s e  t y p e  I ,  3 α - H S O R  a n d  a r o m a t a s e  

m R N A s  a n d  d i d  n o t  m o d i f y  3 β - H S D .  T S P O  m R N A  w a s  d e c r e a s e d ,  p o s s i b l y  a s  a  r e s u l t  o f  r e v e r s a l  o f  m i c r o g l i o s i s .  P r o g e s t e r o n e  p r e t r e a t m e n t  a l s o  i m p r o v e d  

m i t o c h o n d r i a l  u l t r a s t r u c t u r e  a n d  i n c r e a s e d  f i s s i o n / f u s i o n  p r o t e i n  m R N A s .  T h e s e  m i t o c h o n d r i a l  e f f e c t s  m a y  b e  p a r t  o f  t h e  p r o g e s t e r o n e  r e c o v e r y  o f  

n e u r o s t e r o i d o g e n e s i s .  T h e  e n z y m e s  3 β - H S D ,  3 α - H S O R  a n d  5 α - r e d u c t a s e  a r e  a l s o  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  a n d r o g e n s .  B e c a u s e  M S  p a t i e n t s  a n d  E A E  

r o d e n t s  s h o w  c h a n g e s  o f  c e n t r a l  a n d r o g e n  l e v e l s ,  i t  i s  l i k e l y  t h a t ,  t o g e t h e r  w i t h  p r o g e s t i n s  a n d  o e s t r o g e n s ,  n e u r o a n d r o g e n s a f f o r d  n e u r o p r o t e c t i o n  f o r  

E A E  a n d  M S .  T h e  d a t a  r e v i e w e d  s u g g e s t  t h a t  e n h a n c e d  s y n t h e s i s  o f  n e u r o s t e r o i d s c o n t r i b u t e s  i n  a n  a u t o / p a r a c r i n e  m a n n e r  t o  r e i n f o r c e  t h e  

n e u r o p r o t e c t i v e  a n d  a n t i - i n f l a m m a t o r y  e f f e c t s  o f  e x o g e n o u s  p r o g e s t e r o n e  g i v e n  t o  E A E  m i c e .

• N e u r o s t e r o i d o g e n e s i s a n d  p r o g e s t e r o n e  a n t i - i n f l a m m a t o r y / n e u r o p r o t e c t i v e  e f f e c t s .  J  N e u r o e n d o c r i n o l .  2 0 1 8  F e b ; 3 0 ( 2 ) .  d o i :  1 0 . 1 1 1 1 / j n e . 1 2 5 0 2 .  P M I D :  

2 8 6 7 5 7 7 9 .

Progesterone reduces neuroinflammation – why? PR 
receptors on neurons/myelin sheath.
• P r e v i o u s  s t u d i e s  o f  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( E A E )  h a v e  s h o w n  t h a t  p r o g e s t e r o n e  d e c r e a s e s  i n f l a m m a t o r y  c e l l  i n f i l t r a t i o n  a n d  

p r o i n f l a m m a t o r y  f a c t o r s ,  i n c r e a s e s  m y e l i n a t i o n  a n d  a t t e n u a t e s  c l i n i c a l  g r a d e  o f  E A E  m i c e .

• T o  e l u c i d a t e  p o t e n t i a l  m e d i a t o r s  o f  t h e s e  e f f e c t s ,  w e  a n a l y z e d  t h e  m R N A  e x p r e s s i o n  o f  n e u r o s t e r o i d o g e n i c e n z y m e s  i n  t h e  s p i n a l  c o r d ,  i n  v i e w  o f  t h e  

p r o t e c t i v e  r o l e  o f  s t e r o i d s  i n  E A E .  

• W e  a l s o  a n a l y z e d  m i t o c h o n d r i a l  m o r p h o l o g y  a n d  d y n a m i c s  ( f u s i o n  a n d  f i s s i o n  p r o t e i n s ) ,  c o n s i d e r i n g  t h e  r o l e  o f  m i t o c h o n d r i a  i n n e u r o s t e r o i d o g e n e s i s .  E A E  

w a s  i n d u c e d  i n  C 5 7 B l 6  m i c e  u s i n g  M O G 4 0 - 5 4 a n d  k i l l e d  o n  d a y  1 6  a f t e r  i n d u c t i o n .  U s i n g  q P C R ,  w e  f o u n d  i n  s t e r o i d - u n t r e a t e d  E A E  m i c e  d e c r e a s e d  m R N A s  f o r  

t h e  s t e r o i d o g e n i c  a c u t e  r e g u l a t o r y  p r o t e i n  ( S t a r ) ,  v o l t a g e - d e p e n d e n t  a n i o n  c h a n n e l  ( V D A C ) ,  P 4 5 0 s c c  ( c h o l e s t e r o l  s i d e - c h a i n  c l e a v a g e ) ,  5 α - r e d u c t a s e ,  3 α -

h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( 3 α - H S D )  a n d  a r o m a t a s e ,  w h e r e a s  l e v e l s  o f  3 β - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( 3 β - H S D )  s h o w e d  a  l a r g e  i n t r a - g r o u p  v a r i a n c e .  

W e  a l s o  f o u n d  i n c r e a s e d  m R N A  e x p r e s s i o n  o f  1 8 K d  t r a n s l o c a t o r  p r o t e i n  ( T S P O ) ,  w h i c h  l i k e l y  r e s u l t e d  f r o m  t h e  r e a c t i v e  m i c r o g l i o s i s  i n  t h i s  m o d e l .  E A E  m i c e  

a l s o  s h o w e d  p a t h o l o g i c a l  m i t o c h o n d r i a l  m o r p h o l o g y  a n d  r e d u c e d  e x p r e s s i o n  o f  f i s s i o n  a n d  f u s i o n  p r o t e i n  m R N A s .  

• \ M o s t  i m p o r t a n t l y ,  p r e t r e a t m e n t  w i t h  p r o g e s t e r o n e  a  w e e k  b e f o r e  E A E  i n d u c t i o n  i n c r e a s e d  S t a r , V D A C ,  P 4 5 0 s c c ,  5 α - r e d u c t a s e  t y p e  I ,  3 α - H S D  a n d  a r o m a t a s e  

m R N A s  a n d  d i d  n o t  m o d i f y  3 β - H S D .  T S P O  m R N A  w a s  d e c r e a s e d ,  c o n s e q u e n t  w i t h  t h e  i n h i b i t i o n  o f  m i c r o g l i o s i s .  M i t o c h o n d r i a l  m o r p h o l o g y  w a s  i m p r o v e d  a n d  

f i s s i o n / f u s i o n  p r o t e i n  m R N A s  w e r e  e n h a n c e d  b y  p r o g e s t e r o n e  t r e a t m e n t .  F u r t h e r m o r e ,  p r o g e s t e r o n e  p r o t e c t i v e  e f f e c t s  o n  m i t o c h o n d r i a l  a n d  e n d o p l a s m i c  

r e t i c u l u m  m a y  a l l o w  t h e  r e c o v e r y  o f  n e u r o s t e r o i d o g e n e s i s .  I n  t h i s  w a y ,  e n d o g e n o u s l y  s y n t h e s i z e d  n e u r o s t e r o i d s m a y  r e i n f o r c e  t h e  b e n e f i c i a l  e f f e c t s  o f  

e x o g e n o u s  p r o g e s t e r o n e  p r e v i o u s l y  s h o w n  i n  M S  m i c e .

• P r o g e s t e r o n e  t r e a t m e n t  m o d u l a t e s  m R N A  O F  n e u r o s t e r o i d o g e n i c e n z y m e s  i n  a  m u r i n e  m o d e l  o f  m u l t i p l e  s c l e r o s i s .  J  S t e r o i d  B i o c h e m M o l  B i o l .  2 0 1 7  

J a n ; 1 6 5 ( P t  B ) : 4 2 1 - 4 2 9 .  d o i :  1 0 . 1 0 1 6 / j . j s b m b . 2 0 1 6 . 0 9 . 0 0 1 .  E p u b  2 0 1 6  S e p  3 .  P M I D :  2 7 5 9 7 3 9 4 .
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Progesterone calms down reactive neuroglia cells (fights 
brain inflammation)
• Progestero ne is  a  neuropro tec t ive ,  promyel in at in g and ant i - inf l am mato ry factor for  the  ner vous  system.  Here,  

we  review the  effects  o f  progeste ro ne  in mo dels  o f  mo toneuro ne degenerat io n and neuro inf la mmat io n.  In  

neurodege n erat io n  o f  the  Wo bbler  mo use,  a  subset  o f  spina l  c ord  motoneuro nes showed increased ac t iv it y  o f  

ni tr ic  oxide synthas e ( NOS) ,  inc reased intrami toc ho n dr ia l  NOS,  decreased ac t iv it y  of  respirato ry  cha in 

complexes ,  and de cre ase d act iv i t y  and prote i n expre ss io n o f  M n-superox i de dismutase type  2 (M nSOD 2) .  

C l in ic a l l y,  Wobblers  suffered seve ra l  degre es  of  mo to r  impa irme nt .  Progesteron e t reatme nt  restored the 

express io n o f  neuronal  marke rs ,  decreased the  act iv i t y  o f  NOS  and enhanc ed c omplex I  respirato ry  act iv i ty  and 

M nSOD 2.  Long-term treatme nt with pro ge stero ne increased musc le  strengt h ,  biceps  weight  and sur v iva l .  

Co l lec t ive ly,  these  data  sug gest  that  pro geste ro ne  prevented neurodege ne rat io n.  To  study the effec ts  o f  

progestero n e in ne uro inf lamm at io n ,  we employed mic e  with exper ime nta l  auto immu ne enc epha lo mye l i t i s  

(EAE) .  EAE mic e  sp ina l  c o rd sho we d inc reased mR NA levels  o f  the  inf lammato ry mediators  tumour nec ros is  

fac tor  (TNF)α  and i ts  rece pto r  TNFR1,  the  microgl ia l  marker  CD11b,  induc ib le  NOS and the  to l l - l ike  receptor  4 .

• Pro gestero ne pretreatm e nt o f  EAE mice  blocked the pro inf lamm ator y mediators ,  dec reased I ba1+ mic rogl ia l  

ce l ls  and atten uate d c l in ica l  s igns  o f  EAE.  Therefo re ,  reac t ive  gl ia l  ce l ls  became targets  o f  progeste ro ne ant i -

inf lammato r y effe cts .  The se re sults  represent  a  start in g  point  for  test in g the usefu lne ss  o f  neuroact i ve  

stero ids  in  neuro lo g ic a l  d iso rders .

Progesterone
• I n  m i c e  w i t h  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s  ( E A E )  p r e t r e a t m e n t  w i t h  p r o g e s t e r o n e  i m p r o v e s  c l i n i c a l  s i g n s  a n d  d e c r e a s e s  

t h e  l o s s  o f  m y e l i n  b a s i c  p r o t e i n  ( M B P )  a n d  p r o t e o l i p i d  p r o t e i n  ( P L P )  m e a s u r e d  b y  i m m u n o h i s t o c h e m i s t r y  a n d  i n  s i t u  h y b r i d i z a t i o n .

• P r e s e n t l y ,  w e  a n a l y z e d  i f  p r o g e s t e r o n e  e f f e c t s  i n  t h e  s p i n a l  c o r d  o f  E A E  m i c e  i n v o l v e d  t h e  d e c r e a s e d  t r a n s c r i p t i o n  o f  l o c a l  

i n f l a m m a t o r y  m e d i a t o r s  a n d  t h e  i n c r e a s e d  t r a n s c r i p t i o n  o f  m y e l i n  p r o t e i n s  a n d  m y e l i n  t r a n s c r i p t i o n  f a c t o r s .  C 5 7 B l / 6  f e m a l e  m i c e  

w e r e  d i v i d e d  i n t o  c o n t r o l s ,  E A E  a n d  EA E  r e c e i v i n g  p r o g e s t e r o n e  ( 1 0 0 m g  i m p l a n t )  7  d a y s  b e f o r e  E A E  i n d u c t i o n .  

• T i s s u e s  w e r e  c o l l e c t e d  o n  d a y  1 7  p o s t - i m m u n i z a t i o n .  R e a l  t i m e  P C R  t e c h n o l o g y  d e m o n s t r a t e d  t h a t  p r o g e s t e r o n e  b l o c k e d  t h e  E A E -

i n d u c e d  i n c r e a s e  o f  t h e  p r o i n f l a m m a t o r y  m e d i a t o r s  t u m o r  n e c r o s i s  f a c t o r  a l p h a  ( T N F α )  a n d  i t s  r e c e p t o r  T N F R 1 ,  t h e  m i c r o g l i a l  m a r k e r  

C D 1 1 b  a n d  t o l l - l i k e  r e c e p t o r  4  ( T L R 4 )  m R N A s ,  a n d  i n c r e a s e d  m R N A  e x p r e s s i o n  o f  P L P  a n d  M B P ,  t h e  m y e l i n  t r a n s c r i p t i o n  f a c t o r s  N K x 2 . 2  

a n d  O l i g 1  a n d  e n h a n c e d  C C 1 + o l i g o d e n d r o c y t e  d e n s i t y  r e s p e c t  o f  u n t r e a t e d  E A E  m i c e .  I m m u n o c y t o c h e m i s t r y  d e m o n s t r a t e d  d e c r e a s e d  

I b a 1 + m i c r o g l i a l  c e l l s .  C o n f o c a l  m i c r o s c o p y  d e m o n s t r a t e d  t h a t  T N F α  c o l o c a l i z e d  w i t h  g l i a l - f i b r i l l a r y  a c i d i c  p r o t e i n + a s t r o c y t e s a n d  O X -

4 2 + m i c r o g l i a l  c e l l s .  

• T h e r e f o r e ,  p r o g e s t e r o n e  t r e a t m e n t  i m p r o v e d  t h e  c l i n i c a l  s i g n s  o f  E A E ,  d e c r e a s e d  i n f l a m m a t o r y  g l i a l  r e a c t i v i t y  a n d  i n c r e a s e d  

m y e l i n a t i o n .  D a t a  s u g g e s t  t h a t  p r o g e s t e r o n e  n e u r o p r o t e c t i o n  i n v o l v e s  t h e  m o d u l a t i o n  o f  t r a n s c r i p t i o n a l  e v e n t s  i n  t h e  s p i n a l  c o r d  o f  

E A E  m i c e .

• P r o g e s t e r o n e  d o w n - r e g u l a t e s  s p i n a l  c o r d  i n f l a m m a t o r y  m e d i a t o r s  a n d  i n c r e a s e s  m y e l i n a t i o n  i n  e x p e r i m e n t a l  a u t o i m m u n e  

e n c e p h a l o m y e l i t i s .  N e u r o s c i e n c e .  2 0 1 2  D e c  1 3 ; 2 2 6 : 4 0 - 5 0 .  d o i :  1 0 . 1 0 1 6 / j . n e u r o s c i e n c e . 2 0 1 2 . 0 9 . 0 3 2 .  E p u b  2 0 1 2  S e p  1 9 .  P M I D :  

2 3 0 0 0 6 1 9 .
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Progesterone Lungs

• Wherever there are receptors for hormones

• They signal for a reason.

• Can inhibit lung cancer growth but may worsen some cases of f ibrosis.

• Conclusions - In summary,  the  results  of  our study show that progesterone can inhibit  lung 

adenocarcinoma cel l  growth v ia  mPRα.

• Progesterone/Org inhibits lung adenocarcinoma cel l  growth v ia membrane progesterone receptor 

alpha.  Thorac Cancer.  2020 Aug;11(8) :2209-2223.  doi :  10.1111/1759-7714.13528. Epub 2020 Jun 

11.  PMID: 32529777; PMCID:  PMC7396388.

Progesterone in addition to standard of care

• Background  Severity  of  i l lness i n COVID-19 is  consistently  lower in women.  A focus on sex as  a  

bi ological  factor may suggest a  potential  therapeutic  intervention for  th is disease.  We assessed 

whether adding progesterone to standard of  care (SOC) would improve clinical  outcomes of  

hospi tal ized men with moderate to severe  COVID-19.

• Research Question Does short-term subcutaneous administrati on of progesterone safely  improve 

cli nical  outcome in hypoxemi c men hospital ized wi th COVID-19?

• Study Design and Methods We conducted a  pi lot ,  randomized,  open-label ,  control led tri al  of  

subcutaneous progesterone in men hospital ized with confirmed moderate  to severe  COVID-19.  

• 42 Patients were randomly assigned to receive SOC plus  progesterone (100 mg subcutaneously twi ce 

dai ly  for  up to 5 days)  or SOC alone.  In addition to assessment of  safety,  the  primary  outcome was 

change i n c l inical  status  on day 7.  Length of  hospital  stay and number of days on supplemental  

oxygen  were key secondary outcomes.
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P - Covid Mt
• Results Forty-two patients  were enrol led from Apri l  2020 to August 2020;  22  were randomized to 

the control  group and 20  to the progesterone group.  Two pat ients from the progesterone group 

withdrew from the study before receiving progesterone. 

• There was a 1 .5-point overal l  improvement in median cl inical  status score on a seven-point  ordinal  

scale from basel ine to day 7  in patients  in the progesterone group as compared with control  

subjects ( 95% CI,  0 . 0 -2 . 0 ; P = .024) .  

• There were no serious adverse events attr ibutable to progesterone.  

• Patients  treated with progesterone required three fewer days of supplemental  oxygen (median,  

4 .5  vs 7 . 5  days)  and were hospital ized for 2 . 5 fewer days (median,  7 . 0  vs 9 . 5  days)  as compared with 

control  subjects .

• Interretation Proges terone  at  a  dose  of  1 0 0 mg,  twice  dai ly by subcutaneous  in jec t ion in  addit ion to  SOC,  may 

represent  a  safe  and e ffec t ive  approach for  treatment in  hypoxemic  men with moderate  to  severe  COVID-19 .

•

These authors made use of knowing P receptors are in 
lungs and help heal lungs from injury
• Department of  Medic ine,  Cedars S inai  Medical  Center,  Los Angeles,  CA

• bDepartment of  Pathology and Laboratory Medicine,  Cedars S inai  Medical  Center,  Los Angeles,  CA

• cB iostat is t ics Core, Cedars S inai  Medical  Center,  Los Angeles,  CA

• dindependent biostat ist ica l  consul tant ,  San Diego,  CA

• eDepartment of  Emergency Medicine,  Emory Univers i ty,  At lanta,  GA

• Progesterone in Addit ion to Standard of Care vs Standard of Care Alone in the Treatment of 
Men Hospital ized With Moderate to Severe COVID-19: A Randomized, Control led Pi lot Tr ia l . 
Chest. 2021 Jul;160(1):74-84. doi: 10.1016/j.chest.2021.02.024. Epub 2021 Feb 20. PMID: 
33621601; PMCID: PMC7896492.

•
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Case Report chronic pulmonary 65 yo female

• Progesterone

• Her endocrinologist ’s response

• What he didn’ t real ize

HORMONES 
Estrogen

• Estrogens are the last stop on the 

steroid pathway

• Estrogens are converted from 

Testosterone and DHEA (androgens) 

through aromatization

• Aromatization is a process of 

conversion through an enzyme from 

the androgens to estrogen

• Aromatization takes T to E

• It is based on genes and l i fe style

• Modern l i fe is upregulating 

aromatase activi ty

• Gynecomastica and feminization in 

males

• Hormonal  imbalance and demand 

for more progesterone in females 

al l  the whi le the environment is 

more r i fe with ant i-progestins
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T > E necessary such as in sex differentiation

• Aromatase  i s  expressed  i n  

the gonads, p l acen ta , b ra i n , ad ipose  

t i ssue , bone ,  and  h i gh l y  i n  the  par i e ta l  

ce l l s .

• H ave to  t rack  in  w o m en  an d m ales  o n  

tes to s tero n e rep lacem en t .

• H o rm o n e Ba lan ce an d pro tect  – grape 

s eed ex t ract

•

•

• A r o m a t a s e  a c t i v i t y  i s  i n c r e a s e d  b y a g e ,  o b e s i t y ,  

i n s u l i n ,  g o n a d o t r o p i n s ,  a n d  a l c o h o l .

• I t  a l s o  a p p e a r s  t o  b e  e n h a n c e d  i n  c e r t a i n  e s t r o g e n -

d e p e n d e n t  l o c a l  t i s s u e  n e x t  t o  b r e a s t  t i s s u e ,  

e n d o m e t r i a l  c a n c e r ,  e n d o m e t r i o s i s ,  a n d  u t e r i n e  

f i b r o i d s .

• A n d  g y n e c o m a s t i c a i n  m a l e s .

• A r o m a t a s e  a n d  g y n e c o m a s t i a .  E n d o c r R e l a t C a n c e r .  1 9 9 9  

J u n ; 6 ( 2 ) : 3 1 5 - 2 4 .  d o i :  1 0 . 1 6 7 7 / e r c . 0 . 0 0 6 0 3 1 5 .  P M I D :  

1 0 7 3 1 1 2 5 .

Grape seed extract – nature’s perfect AI

• A r o m a t a s e  i s  t h e  e n z y m e  t h a t  c o n v e r t s  a n d r o g e n  t o  e s t r o g e n .  I t  i s  

e x p r e s s e d  a t  h i g h e r  l e v e l s  i n  b r e a s t  c a n c e r  t i s s u e s  t h a n  n o r m a l  b r e a s t  

t i s s u e s .  G r a p e  s e e d  e x t r a c t  ( G S E )  c o n t a i n s  h i g h  l e v e l s  o f  p r o c y a n i d i n  

d i m e r s  t h a t  h a v e  b e e n  s h o w n  i n  o u r  l a b o r a t o r y  t o  b e  p o t e n t  i n h i b i t o r s  o f  

a r o m a t a s e .  I n  t h i s  s t u d y ,  G S E  w a s  f o u n d  t o  i n h i b i t  a r o m a t a s e  a c t i v i t y  i n  a  

d o s e - d e p e n d e n t  m a n n e r  a n d  r e d u c e  a n d r o g e n - d e p e n d e n t  t u m o r  g r o w t h  i n  

a n  a r o m a t a s e - t r a n s f e c t e d  M C F - 7  ( M C F - 7 a r o )  b r e a s t  c a n c e r  x e n o g r a f t  

m o d e l ,  a g r e e i n g  w i t h  o u r  p r e v i o u s  f i n d i n g s .  W e  h a v e  a l s o  e x a m i n e d  t h e  

e f f e c t  o f  G S E  o n  a r o m a t a s e  e x p r e s s i o n .  R e v e r s e  t r a n s c r i p t i o n - P C R  

e x p e r i m e n t s  s h o w e d  t h a t  t r e a t m e n t  w i t h  6 0  m u g / m L  o f  G S E  s u p p r e s s e d  

t h e  l e v e l s  o f  e x o n  I . 3 - ,  e x o n  P I I - ,  a n d  e x o n  I . 6 - c o n t a i n i n g  a r o m a t a s e  

m R N A s  i n  M C F - 7  a n d  S K - B R - 3  c e l l s .  T h e  l e v e l s  o f  e x o n  I . 1 - c o n t a i n i n g  

m R N A ,  h o w e v e r ,  d i d  n o t  c h a n g e  w i t h  G S E  t r e a t m e n t .  T r a n s i e n t  

t r a n s f e c t i o n  e x p e r i m e n t s  w i t h  l u c i f e r a s e - a r o m a t a s e  p r o m o t e r  I . 3 / I I  o r  I . 4  

r e p o r t e r  v e c t o r s  s h o w e d  t h e  s u p p r e s s i o n  o f  t h e  p r o m o t e r  a c t i v i t y  i n  a  

d o s e - d e p e n d e n t  m a n n e r .  T h e  G S E  t r e a t m e n t  a l s o  l e d  t o  t h e  d o w n -

r e g u l a t i o n  o f  t w o  t r a n s c r i p t i o n  f a c t o r s ,  c y c l i c  A M P - r e s p o n s i v e  e l e m e n t  

b i n d i n g  p r o t e i n - 1  ( C R E B - 1 )  a n d  g l u c o c o r t i c o i d  r e c e p t o r  ( G R ) .  C R E B - 1  a n d  

G R  a r e  k n o w n  t o  u p - r e g u l a t e  a r o m a t a s e  g e n e  e x p r e s s i o n  t h r o u g h  

p r o m o t e r s  I . 3 / I I  a n d  I . 4 ,  r e s p e c t i v e l y .  W e  b e l i e v e  t h a t  t h e s e  r e s u l t s  a r e  

e x c i t i n g  i n  t h a t  t h e y  s h o w  G S E  t o  b e  p o t e n t i a l l y  u s e f u l  i n  t h e  

p r e v e n t i o n / t r e a t m e n t  o f  h o r m o n e - d e p e n d e n t  b r e a s t  c a n c e r  t h r o u g h  t h e  

i n h i b i t i o n  o f  a r o m a t a s e  a c t i v i t y  a s  w e l l  a s  i t s  e x p r e s s i o n .

• Grape seed extract is  an aromatase 

inhibitor  and a suppressor  of 

aromatase express ion.  Cancer  Res.  

2006 Jun 1;66(11):5960-7.  doi:  

10.1158/0008-5472.CAN-06-0053.  

PMID:  16740737.
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Melatonin – another natural AI

• The pineal hormone melatonin may  exert  a suppress ive role on aromatase activity,  leading  to reduced 

estrogen biosynthesis .  A melatonin-mediated decrease in  the express ion of  aromatase promoters  and 

assoc iated genes would provide suitable evidence of  this  molecule's  eff icacy  as  an aromatase inhibitor.  

Furthermore,  melatonin intensif ies  radiat ion- induced ant i-aromatase effects  and counteracts  the 

unwanted disadvantages of  chemotherapeutic  agents .  In  this  manner,  this  review summarizes  the 

inhibitory  role of melatonin in  aromatase action,  sug gest ing its  role as  a poss ible oncostat ic molecule in  

breast  cancer.

• Case History  BC stage 4 on melatonin 40  mg throughout the day ended up with bone fractures.

• Melatonin as  an Oncostat ic Molecule Based on I ts  Anti-Aromatase Role in  Breast  Cancer.  Int  J  Mol Sc i .  

2021 Jan 4;22(1) :438.  doi:  10.3390/i jms22010438.  PMID: 33406787;  PMCID:  PMC7795758.

Melatonin AL (works in endothelium so great for plaque 
formers)
• We conclude that  melatonin inhibits  aromatase act ivity  and express ion in  HUVECs by regulat ing  gene 

express ion of specif ic  aromatase promoter regions,  thereby reducing the local  product ion of estrogens

• Melatonin modulates  aromatase act ivity  and express ion in  endothel ial  cel ls .  Oncol  Rep.  2013 

May;29(5) :2058-64.  doi:  10.3892/or.2013.2314.  Epub 2013 Feb 28.  PMID: 23450505.
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Breast Cancer Patient

• Was put on melatonin throughout the day

• Started to fracture

• Too much melatonin in too young of a female – stop menstruation

• Safe Hormones, Smart Women Berkson DL Awakened Medicine Press

Melatonin many benefits in cancer here’s one:
• M o s t  o f  t h e  c u r r e n t  k n o w l e d g e  a b o u t  t h e  m e c h a n i s m s  b y  w h i c h  m e l a t o n i n  i n h i b i t s  t h e  g r o w t h  o f  b r e a s t  c a n c e r  c e l l s  p o i n t  t o  a n  i n t e r a c t i o n  o f  m e l a t o n i n  

w i t h  e s t r o g e n - r e s p o n s i v e  p a t h w a y s ,  t h u s  b e h a v i n g  a s  a n  a n t i e s t r o g e n i c  h o r m o n e .

• H o w e v e r ,  a  p o s s i b l e  e f f e c t  o f  m e l a t o n i n  o n  t h e  l o c a l  s y n t h e s i s  o f  e s t r o g e n s  h a d  n o t  b e e n  e x a m i n e d .  T h e  o b j e c t i v e  o f  t h i s  w o r k w a s  t o  s t u d y  w h e t h e r  

m e l a t o n i n  m a y  m o d i f y  t h e  a r o m a t a s e  a c t i v i t y  i n  M C F - 7  b r e a s t  c a n c e r  c e l l s  t h u s  m o d u l a t i n g  t h e  l o c a l  e s t r o g e n  b i o s y n t h e s i s .  I n  M C F - 7  c e l l s  c u l t u r e d  w i t h  

t e s t o s t e r o n e  i n  e s t r a d i o l - f r e e  m e d i a ,  m e l a t o n i n  ( 1  n M )  c o u n t e r a c t s  t h e  t e s t o s t e r o n e - i n d u c e d  c e l l  p r o l i f e r a t i o n  d e p e n d e n t  o n  t h e  l o c a l  b i o s y n t h e s i s  o f  

e s t r o g e n s  f r o m  t e s t o s t e r o n e  b y  t h e  a r o m a t a s e  a c t i v i t y  o f  t h e  c e l l s .  W e  f o u n d  t h a t  m e l a t o n i n  r e d u c e s  t h e  a r o m a t a s e  a c t i v i t y  ( m e a s u r e d  b y  t h e  t r i t i a t e d  

w a t e r  r e l e a s e  a s s a y )  o f  M C F - 7  c e l l s  b o t h  a t  b a s a l  c o n d i t i o n s  a n d  w h e n  a r o m a t a s e  a c t i v i t y  w a s  s t i m u l a t e d  b y  c A M P  o r  c o r t i s o l .  

• T h e  g r e a t e s t  i n h i b i t i o n  o f  t h e  a r o m a t a s e  a c t i v i t y  w a s  o b t a i n e d  w i t h  1  n m  m e l a t o n i n ,  t h e  s a m e  c o n c e n t r a t i o n  t h a t  g i v e s  t h e  h i g h e s t  a n t i p r o l i f e r a t i v e  a n d  

a n t i - i n v a s i v e  e f f e c t s  o f  M C F - 7  c e l l s .

•  F i n a l l y ,  b y  R T - P C R ,  w e  f o u n d  t h a t  m e l a t o n i n  d o w n r e g u l a t e s  a r o m a t a s e  e x p r e s s i o n  a t  t h e  t r a n s c r i p t i o n a l  l e v e l  i n  t h e  M C F - 7  c e l l s .

• W e  c o n c l u d e  t h a t  m e l a t o n i n ,  a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s ,  d e c r e a s e s  a r o m a t a s e  a c t i v i t y  a n d  e x p r e s s i o n  i n  M C F - 7  c e l l s .  

• T h i s  a r o m a t a s e  i n h i b i t o r y  e f f e c t  o f  m e l a t o n i n ,  t o g e t h e r  w i t h  i t s  a l r e a d y  k n o w n  a n t i e s t r o g e n i c  p r o p e r t i e s  i n t e r a c t i n g  w i t h  t h e e s t r o g e n - r e c e p t o r ,  m a k e s  

t h i s  i n d o l e a m i n e  a n  i n t e r e s t i n g  t o o l  t o  b e  c o n s i d e r e d  i n  t h e  p r e v e n t i o n  a n d  t r e a t m e n t  o f  h o r m o n e - d e p e n d e n t  m a m m a r y  n e o p l a s i a s .

• M e l a t o n i n  m o d u l a t e s  a r o m a t a s e  a c t i v i t y  i n  M C F - 7  h u m a n  b r e a s t  c a n c e r  c e l l s .  J  P i n e a l  R e s .  2 0 0 5  M a r ; 3 8 ( 2 ) : 1 3 6 - 4 2 .  d o i :  1 0 . 1 1 1 1 / j . 1 6 0 0 - 0 7 9 X . 2 0 0 4 . 0 0 1 8 6 . x .  

P M I D :  1 5 6 8 3 4 6 9 .
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Wherever there are receptors, signals are delivered
• A n d r o g e n s  a n d  e s t r o g e n s  a r e  k n o w n  t o  b e  c r i t i c a l  r e g u l a t o r s  o f  m a m m a l i a n  p h y s i o l o g y  a n d  d e v e l o p m e n t .  W h i l e  t h e s e  t w o  c l a s s e s  o f  

s t e r o i d s  s h a r e  s i m i l a r  s t r u c t u r e s  ( i n  g e n e r a l ,  e s t r o g e n s  a r e  d e r i v e d  f r o m  a n d r o g e n s  v i a  t h e  e n z y m e  a r o m a t a s e ) ,  t h e y  s u b s e r v e  

m a r k e d l y  d i f f e r e n t  f u n c t i o n s  v i a  t h e i r  s p e c i f i c  r e c e p t o r s .

• F o r  e x a m p l e .  E R  b e t a  a n d  a l p h a  i s  a l l  t h r o u g h o u t  t h e  g u t  a n d  E R  b e t a  i s  s i l e n c e d  i n  s y n c  w i t h  p o l y p  f o r m a t i o n ,  d x  a n d  v u l n e r a b i l i t y  t o  

c o l o r e c t a l  c a n c e r .

• S a m e  w i t h  e s o p h a g u s ,  r e c e p t o r s  e s p e c i a l l y  f o r  e s t r o g e n  a n d  o x y t o c i n  a n d  v a s o p r e s s i n .

• I n  t h e  p a s t ,  e s t r o g e n s  s u c h  a s  e s t r a d i o l  w e r e  t h o u g h t  t o  b e  m o s t  i m p o r t a n t  i n  t h e  r e g u l a t i o n  o f  f e m a l e  b i o l o g y ,  w h i l e  a n d r o g e n s  s u c h  

a s  t e s t o s t e r o n e  a n d  d i h y d r o t e s t o s t e r o n e  w e r e  b e l i e v e d  t o  p r i m a r i l y  m o d u l a t e  d e v e l o p m e n t  a n d  p h y s i o l o g y  i n  m a l e s .  

• H o w e v e r ,  t h e  e m e r g e n c e  o f  p a t i e n t s  w i t h  d e f i c i e n c i e s  i n  a n d r o g e n  o r  e s t r o g e n  h o r m o n e  s y n t h e s i s  o r  a c t i o n s ,  a s  w e l l  a s  t h e  

d e v e l o p m e n t  o f  a n i m a l  m o d e l s  t h a t  s p e c i f i c a l l y  t a r g e t  a n d r o g e n - o r  e s t r o g e n - m e d i a t e d  s i g n a l i n g  p a t h w a y s ,  h a v e  r e v e a l e d  t h a t  

e s t r o g e n s  a n d  a n d r o g e n s  r e g u l a t e  c r i t i c a l  b i o l o g i c a l  a n d  p a t h o l o g i c a l  p r o c e s s e s  i n  b o t h  m a l e s  a n d  f e m a l e s .

• I n  f a c t ,  t h e  c o n c e p t  o f  " m a l e "  a n d  " f e m a l e "  h o r m o n e s  i s  a n  o v e r s i m p l i f i c a t i o n  o f  a  c o m p l e x  d e v e l o p m e n t a l  a n d  b i o l o g i c a l  n e t w o r k o f  

s t e r o i d  a c t i o n s  t h a t  d i r e c t l y  i m p a c t s  m a n y  o r g a n s .  I n  t h i s  R e v i e w ,  w e  w i l l  d i s c u s s  i m p o r t a n t  r o l e s  o f  e s t r o g e n s  i n  m a l e s  a n d  a n d r o g e n s  

i n  f e m a l e s .

• I m p a c t  o f  e s t r o g e n s  i n  m a l e s  a n d  a n d r o g e n s  i n  f e m a l e s .  J  C l i n  I n v e s t .  2 0 1 9  M a y  1 ; 1 2 9 ( 5 ) : 1 8 1 8 - 1 8 2 6 .  d o i :  1 0 . 1 1 7 2 / J C I 1 2 5 7 5 5 .  E p u b  

2 0 1 9  M a y  1 .  P M I D :  3 1 0 4 2 1 5 9 ;  P M C I D :  P M C 6 4 8 6 3 2 7 .

Target Tissue

• All over the body

• Not just reproductive tissue

• Wherever there are receptors that 
tissue interacts with hormones

• Treg cells, adhesive proteins 
between enterocytes, 
hippocampus where memories 
live, vocal cords, liver to avoid 
fatty liver

Dr. DL. Berkson© 

Contains receptors 
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Example Estrogen (estradiol)

• Esophagus

• Kidney

• Bra in

• Bone  

• Eyes

• Mitochondr i a  energy  – yes  hormones have  a  lo t  to  do 
wi th mi tochondr ia l  funct iona l i ty  and hea l th

• DNA hi s tone  ep igenet i cs

• Estrogen i s  not  jus t  a  sexy or  reproduct ive  hormone

Dr. DL. Berkson© 

You can have a decrease in hormonal signaling due to:

• Decrease in hormone

• Blockage of hormone docking due to 
competitive inhibition

• Or due to hormonal resistance

• You can be resistant to any hormone 
not use insulin and thyroid, such as 
progesterone and leptin. 

• Br J Obstet Gynaecol. 1998 
Mar;105(3):345-51.

• Progesterone resistance in women 
who have had breast cancer.

• Journal of Biomedical Science 2014, 
21:2

http://www.jbiomedsci.com/content /21
/1/2

• Endometrial progesterone 
resistance and PCOS

Dr. DL. Berkson© 
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Too much not good, too little not good

Sex Steroids Bind to Nuclear Receptors

• Nuclear receptors are a fami ly  of  l igand-regulated transcription factors that are activated by stero id 
hormones, such as estrogen and progesterone, and various other l ip id-solub le s ignals , including 
ret inoic acid, and thyroid hormone.

• Nuclear receptors are inactivated unti l  s ignaled by l ip id-soluble s ignals (e.g.,  steroid hormones) 
that cross the plasma membrane.  

• Once activated ,  most funct ion as transcription factors to contro l  gene expression for numerous 
bio logical  processes.

• Unl ike most intercel lular messengers, the l igands can cross the plasma membrane and d irectly  
interact with nuclear receptors ins ide the cel l ,  rather than having to act v ia cel l  sur face receptors. 

• But they can also act on cel l  sur face membrane. 

• Cold Spring Harb Perspect Biol .  2013 Mar; 5(3): a016709. 

• doi: 10.1101/cshperspect.a016709 Signaling by Nuclear Receptors

Dr. DL. Berkson© 
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Jan-Åke Gustafsson PhD 
Scientist of Receptor Physiology 

Estrogen Receptors

• ER alpha - growth

• ER beta – controlled growth

• G protein-coupled estrogen 

• receptor 1 - instantaneous

• Emotions

• Gut sense                 © Berkson Health 2017
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ER beta overlaps with oxytocin receptors

• In most parts of the body ER beta promotes calm, parasympathetic signaling, maintains 

gut health and the crypts where new gut cel ls are made daily

• ER beta protects the brain, central nervous system, enteric (gut nervous) system and the 

breast and prostate.

• In excess it can cause issues at the l ining of blood vessels and in the uterus (l inked to 

endometriosis)

• In corpus luteum ER beta overlaps oxytocin

• So net calming effect.

Estrogen Metabolism

• In liver.

• In intestines.
• throughout body.

• Why?
• Estrogens are made endocrinologically

and processed through liver (inactivated)

• And made locally throughout the body, 
intracrinology, and need to be 
metabolized, too.

Dr. D. Lindsey Berkson© 2017
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Controlled Growth = Less Cancer 
(And other diseases)

 Pregnancy causes more control led growth as more estriol exposure. Often autoimmune 

diseases like MS and eczema to into remission due to estriol t ightening gut junctions.

 Iodine helps produce estriol.

 Estriol replacement when on estrogen therapy.

 Foods help promote estriol- l ike signaling.

 Soy, Apigenin, Milk Thistle, Dandelion rhubarb, pomegranate, pinto beans, dandelion, 

resveratrol in grape skins

Steroids. 2015 Jul;99(Pt A):56-60. Mechanisms of estrogen carcinogenesis: The role of 

E2/E1-quinone metabolites suggests new approaches to preventive intervention--A 

review.

Estrogen

• C o n t r o l s  m i t o c h o n d r i a  i n  b r o w n  f a t

• E s t r o g e n  r e c e p t o r  α  c o n t r o l s  m e t a b o l i s m  i n  w h i t e  a n d  b r o w n  a d i p o c y t e s  b y  
r e g u l a t i n g P o l g 1 a n d  m i t o c h o n d r i a l  r e m o d e l i n g .  S c i  T r a n s l M e d .  2 0 2 0  A u g  
5 ; 1 2 ( 5 5 5 ) : e a a x 8 0 9 6 .  d o i :  1 0 . 1 1 2 6 / s c i t r a n s l m e d . a a x 8 0 9 6 .  P M I D :  3 2 7 5 9 2 7 5 ;  P M C I D :  
P M C 8 2 1 2 4 2 2 .

• T h e  E R R α  n o t  o n l y  r e g u l a t e s  a n  a r r a y  o f  n u c l e a r  g e n e s  d e v o t e d  t o  m i t o c h o n d r i a l  
f u n c t i o n s  b u t  a l s o  n u m e r o u s  m i t o c h o n d r i a l  D N A  g e n e s  t h a t  u l t i m a t e l y  c u l m i n a t e s  i n t o  
t h i s  o r g a n e l l e ' s  h o m e o s t a s i s .  I n  f a c t ,  E R R α  e x p r e s s i o n  i s  c o r r e l a t e d  w i t h  g e n e s  w h o s e  
f u n c t i o n a l  p r o d u c t s  a r e  p a r t  o f  t h e  m i t o c h o n d r i a l  p h y s i o l o g y .

• S t u d i e s  h a v e  i n d i c a t e d  t h a t  n e a r l y  h a l f  o f  t h e  p r o t e i n s  e n c o d e d  b y  t h e  m i t o c h o n d r i a l  
g e n o m e  a r e  r e g u l a t e d  b y  E R R α .  

• F u r t h e r m o r e ,  n e w  f i n d i n g s  a l s o  s h o w  t h a t  E R R α  r e g u l a t e  m i t o c h o n d r i a l  b i o g e n e s i s  a n d  
r e c o v e r y  o n c e  d a m a g e d .

• S t u d i e s  h a v e  i n d i c a t e d  t h a t  n e a r l y  h a l f  o f  t h e  p r o t e i n s  e n c o d e d  b y  t h e  m i t o c h o n d r i a l  
g e n o m e  a r e  r e g u l a t e d  b y  E R R α .  M o r e o v e r ,  E R R α  c o n t r o l s  v i t a l  m i t o c h o n d r i a l  p r o c e s s e s  
s u c h  a s  o x i d a t i v e  m e t a b o l i s m  t h r o u g h  a  n e t w o r k  o f  p r o t e i n  k i n a s e s  a n d  b y  r e g u l a t i n g  
t h e  e x p r e s s i o n  o f  s i r t u i n s l i k e  S i r t 3 .  F u r t h e r m o r e ,  n e w  f i n d i n g s  a l s o  s h o w  t h a t  E R R α  
r e g u l a t e  m i t o c h o n d r i a l  b i o g e n e s i s  i n  a s s o c i a t i o n  w i t h  P G C  f a m i l y  c o - a c t i v a t o r s  s u c h  a s  
P G C - 1 - r e l a t e d  c o - a c t i v a t o r  a n d  P G C - 1 β  a n d  a l s o  v i a  c r o s s - t a l k  w i t h  m i t o g e n - a c t i v a t e d  
p r o t e i n  k i n a s e  k i n a s e s  a n d  P I 3 K / ( A K T )  s i g n a l i n g .  T h e  c u r r e n t  u n d e r s t a n d i n g  o f  t h e  
p a t h w a y s  a n d  n e t w o r k s  s h o w s  s t r o n g  i n f l u e n c e  o f  E R R α  i n  c o o r d i n a t i n g  m i t o c h o n d r i a l  
p h y s i o l o g y .  T h i s  r e v i e w  f o c u s e s  o n  t h e  n e w  a d v a n c e s  m a d e  i n  u n d e r s t a n d i n g  t h e  
c o m p l e x  a n d  i m p o r t a n t  i n t e r f a c e  b e t w e e n  E R R α  a n d  m i t o c h o n d r i a l  p h y s i o l o g y .
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Estrogen - Mitochondria

Estrogen protects
• Mitochondria in skeletal  muscle.

• In both genders.

• Mitochondria: Target organel les for estrogen 
action.  Postepy Hig Med Dosw (Onl ine). 2017 Jun 
8;71(0):454-465. doi: 
10.5604/01.3001.0010.3828. PMID: 28665276.

Estrogen
• Estrogen enhances mitochondrial  function by 

enhancing mitochondria l  b iogenesis and 
sustaining mitochondrial  energy-transducing 
capaci ty. 

• Mitochondria are an important target of estrogen.

• In both genders.

• Estrogen receptor-β in mitochondria: impl ications 
for mitochondrial  b ioenergetics and 
tumorigenesis.  Ann N Y Acad Sci .  2015 
Sep;1350:52-60. doi: 10.1111/nyas.12872. Epub 
2015 Aug 24. PMID: 26301952.
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