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Hypertension induces end organ damage

= Increased force induces
vascular stiffness > reduced
ability to dampen
pulsatility.

= Since high flow in the brain
and kidneys is maintained
by low capillary resistance,
these organs are more
susceptible to repetitive
stress.

= In the heart, hypertension
increases overload and
reduces cardiac perfusion.

Main complications of persistent

High blood pressure

Brain:
- Cerebrovascular
accident (strokes)

Retina of eye:

- Hypertensive - Hypertensive retinopathy
encephalopathy:
-confusion
-headache Heart:
-convulsion - Myocardial infarction

(heart attack)

Blood: - Hypertensive
- Elevated cardiomyopathy:
sugar levels heart failure

Kidneys:

- Hypertensive
nephropathy:
chronic renal failure




Women are protected from CVD until menopause
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Uncontrolled Hypertension in Aging Women
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Observational studies

Meta-analysis

Meta-analysis
Nurses” Health Study

Nurses” Health Study

Nurses” Health Study

HERS = Heart and Estrogen/
Progestin Replacement

Study

Contreras & Parra (2000)
Am J Health Syst Pharm.
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Relative risk of morbidity and mortality from
coronary heart disease (CHD) in postmenopausal
women taking HRT compared with nonusers




Women’s Health Initiative
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Black Box Warning

WARNING: ENDOMETRIAL CANCER, CARDIOVASCULAR
DISORDERS, BREAST CANCER and PROBABLE DEMENTIA

Estrogen-alone therapy should not be used for the prevention of
cardiovascular disease.

WHI reported increased risks of stroke and deep vein thrombosis in
postmenopausal women (50-79 years of age) during 7.1 years of
treatment with daily oral conjugated estrogens, relative to placebo.

Estrogens with or without progestins should be prescribed at the
lowest effective doses and for the shortest duration consistent with
treatment goals and risks for the individual woman.
Contraindicated in patients with:
* Active or past history of confirmed venous thromboembolism.
* Active or past history of stroke, myocardial infarction, coronary
heart disease.




Impact of the WHI on hormone use
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Gap widens between menopause and life expectancy
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Soules MR, et al. J Am Genalr Soc 1982.30.547.561,




* What receptor mediates estrogen’s
vascular effects?

* How do aging and menopause
alter these effects?

* Can we make hormone therapy
more selective?




Nuclear and Membrane Estrogen Receptors
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Discovery oif GPER

= ER receptor has long been used as a diagnostic marker in breast cancer
= ER negative cancers are more aggressive and do not respond to endocrine therapy

= cDNA screen between an ER positive and an ER negative cell line

MDA-MB-231
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GPER binding characteristics
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Plasma membranes from SKBR3 cells (ERa-, ERB-, GPER+).

Thomas P et al. Endocrinology 2005;146:624-632




Environmental estrogens bind GPER
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Competition curves of binding to plasma
membranes of HEK293 cells (ERa-, ERB-) stably
transfected with GPR30. BPA competes with
estradiol binding to GPR30.

IC50 =7.8 nM (E2) vs. 630 nM (BPA)




mRen2 Hypertensive Rat Model
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.

ALLR

oY
vasocgnstricﬁon,

hyperirophy, sodium
reuptake, fibrosis,
sympathetic
activation

Systolic Blood Pressure (mmHg)

225"

200"

175+

1501

|:| M ale
Female * #
-1
*
Lewis m Ren2

*P <0.01 vs strain
#P <0.01 vs gender

Pendergrass et al. (2008) AJP-Heart




SEX diiffierences in hypertensive models
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Estrogen & Ang Il dependence
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G-1 attenuates blood pressure
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GPR30 relaxes arteries via NO and cAMP
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Endocrine Disruptors

= Endocrine-disrupting chemicals influence
biological pathways associated with a variety of
hormones, predominantly estrogens.

Estrogens in
the Environment
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Dr. John McLachlan
Prof, Pharmacology

= eader in the field of environmental endocrine
disruption research (e.normone.tulane.edu)




pnvironmental Signaling
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Bisphenol A

= One of the most ubiquitous endocrine disruptors is bisphenol A
(BPA), a plasticizing agent found in most manufactured plastic
products and the lining of canned goods.

Photo by Dr. Ricardo Mostany



History of BPA production

= 1991-A production volume of 16 million pounds was reported for
bisphenol A

= 2003-United States bisphenol A consumption was reported at ~1.9
billion pounds
= ~1.4 billion pounds in polycarbonate resins
= ~406 million pounds in epoxy resins
= ~117 million pounds in other applications

= 2004-U.S. bisphenol A production volume was reported at ~2.3
billion pounds

Volume 83, Issue 3
http://onlinelibrary . wiley.com/doi/10.1002/bdrb.20147 /full#fig1




BPA Exposure

= Urinary BPA was detected in 92.6% of NHANES participants (2003-2004).

= BPA was significqg X han in blacks and
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Clinical association of urinary BPA with CVD

Data from the National Health and Nutrition Examination
Survey 2003-2004Estimates adjusted for age and sex.
Error bars indicate 95% confidence intervals.




Clinical association oif BPA with BP
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Nonparametrical association of concentration of urinary BPA with blood
pressure. Data were adjusted for sex, age, date of examination, height,
weight, mean fast blood glucose, smoking status, current consumption of
alcohol, and previous history of hypertension.




Exposure to bisphenol a from drinking canned beverages increases blood
pressure: randomized crossover trial.

GG, n=60 CG, n=60 CC, n=60
Variables
MeaniSD MeanxSD MeanxSD
Urinary BPA, ug/L 1.13%1.76 m 7.93%6.01 <0.0001 |16.91*12.55| <0.0001
Urinary BPA, ug/g Cre | 1.25%2.24 m 9.4315.01 <0.0001 | 20.65%8.61 | <0.0001

SBP .., mm Hg 127.0114.0 128.2+16.0 | 0.4078 | 129.0%14.8 | 0.1889
ASBP, mm Hg ~7.9+14.3 m ~7.6£11.0 | 0.8484 | -2.9+10.6 | 0.0140

*Compared using the paired t test. ADBP indicates DBP¢,~DBPyqtore; ASBP, SBP te;~SBPpefore; BP, blood pressure; BPA, bisphenol A; CC, 2 canned beverages; CG, 1
canned and 1 glass bottled beverages; GG, 2 glass bottled beverage; HRV, heart rate variability; RMSSD, root mean square of successive differences; SBP_¢., and
DBP_¢.,, systolic BP and diastolic BP measured 2 hours after consumption of the beverage; SBP,.;,;e and DBP¢e, Systolic BP and diastolic BP measured before
consumption of the beverage; and SDNN, SD of normal-to-normal intervals.

Sanghyuk Bae, and Yun-Chul Hong Hypertension.
2015;65:313-319

American

Heart
Association Copyright © American Heart Association, Inc. All rights reserved. L




Nonparametric associations of urinary bisphenol A (BPA) concentration with systolic
blood pressure (SBPafter) and diastolic blood pressure (DBPafter) in all observations.
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Basic Characteristics of the Participants

Sanghyuk Bae, and Yun-Chul Hong Hypertension.
2015;65:313-319
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Treating male vs female CV disease
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Hypothesis

« Our overall hypothesis is that BPA increases blood pressure
INn females by inhibiting GPER’s beneficial effects on
vascular function and the RAS.

Toxicant B hormone

Hormone receptor

Hormonal Block




AHA Grant-in-Aid

The goal of this application is to elucidate how BPA impacts two key
endocrine pathways involved in the regulation of blood pressure.

« Aim 1. Determine the vascular, hemodynamic, and RAS effects of BPA in
females.

« Aim 2. Ascertain the role of GPER in these effects.




Acute vascular effects of BPA
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Hemodynamic changes 1n response to BPA
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BPA regulates the vascular renin-angiotensin system
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BPA attenuates GPER signaling
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In vivo results show no increase in mouse BP
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BPA does not increase BP in gonadectomized mRen2 females
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BPA increases tissue hypertrophy
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Conclusions

= GPER may mediate some of the beneficial cardiovascular actions
of estrogen.

= Environmental estrogens such as Bisphenol A may act as @
“hormonal block” of GPER.

= Increasing amounts of environmental estrogens may promote

cardiovascular problems, especially in aging postmenopausal
women.
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Sex Steroid Biosynthesis
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Estrogen binding characteristics of plasma membranes
from SKBRJ cells (ERa-, ER[5-, GPR30+).
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GPER knockout mice

= Four models of GPR30
deficiency

= No reproductive
abnormalities

» Reduced skeletal growth

» Increased visceral fat

= Thymic biology,
decreased T cells

» [Increased vascular fone

» Decreased glucose
tolerance and insulin
release

Martensson et al. (2009) Endocrinology
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Oral administration of bisphenol A induces high blood pressure through angiotensin
1I/CaMKIii-dependent uncoupling oif eNOS.
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