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OBJECTIVES

» DEFINE ENDOCRINE DISRUPTION

« DISCUSS 4 MAIN AREAS
* ENDOCRINE DISRUPTORS AND FERTILITY
 INSULIN RESISTANCE AND ENDOCRINE DISRUPTION
* THYROID DISORDERS AND ENDOCORINE DISRUPTORS
« CANCER/ESTROGEN METABOLISM AND ENDOCRINE
DISRUPTION

* REVIEW MY TREATMENT PROTOCOL FOR ENDORCRINE
DISRUPTION




WHAT ARE ENDOCRINE

DISRUPTORS?

« Endocrine disruptor is an exogenous substance or mixture that
alters function(s) of the endocrine system and consequently
causes adverse health effects in an intact organism, or its progeny,
or (sub) populations.

- A potential endocrine disruptor is an exogenous substance or
mixture that possesses properties that might be expected to lead
to endocrine disruption in an intact organism, or ifs progeny, or
(sub) populations.

* In February 2013, UNEP and WHO released the report State of the
Science of Endocrine Disrupting Chemicals - 2012 which identifies
concerns, including evidence in humans, laboratory animals, and
wildlife that exposure to endocrine-disrupting chemicals can result
in adverse effects and highlighted that an important focus should ®
be on reducing exposure. o ©o
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WHAT ARE ENDOCRINE
DISRUPTORS (EDCS)?

 U.S. Environmental Protection Agency (EPA) defines
EDCs as:

« YAn exogenous agent that interferes with
synthesis, secretion, transport, metabolism,
binding action, or elimination of natural blood-
borne hormones that are present in the body
and are responsible for homeostasis,
reproduction, and developmental processes’”.




" HOWDO EDCS N
CAUSE DAMAGE?

“EDCs act via nuclear receptors, nonnuclear steroid hormone receptors
(e.g., membrane ERs), nonsteroid receptors (e.g., neurotransmitter
receptors such as the serotonin receptor, dopamine receptor,
norepinephrine receptor), orphan receptors [e.g., aryl hydrocarbon
receptor (AhR)], enzymatic pathways involved in steroid biosynthesis
and/or metabolism, and numerous other mechanisms that converge
upon endocrine and reproductive systems (1)."

“These chemicals or factors can cause changes in DNA methylation
which not only result in changes in estrogen receptor reactivity but also
produce a higher ratio of the 4 and 16 hydroxylated estrogen
: derivatives which are more genotoxic (2,3)." .,Q‘.

1. Evanthia Diamanti-kandarakis, of al. Endocrine-Disrupfing Chemicals: An Endocrine Society Scienffic Statement. Endocr Rev. 2009 Jun; 30(d): 293-342

5
2. Latini et al., Mini-Reviews in Medicinal Chemistry, 2010, 10, 846-855 ‘
3. Sotfo, A. M. & Sonnenschein, C. Nat. Rev. Endocrinol. 6, 363-370 (2010).
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https://epthinktank.eu/2013/03/11/eu-policy-on-endocrine-disruptors/




Cellular Ilnnu. Celular Response

https://www.niehs.nih.gov/health/topics/agents/endocrine/index.cfm




Known or Suspected

Endocrine Disrupting
Chemicals

https://www.healthandenvironment.org/environmental-health/environmental-risks/chemical-
10 environment-overview/edcshttps://www.healthandenvironment.org/environmental-
health/environmental-risks/chemical-environment-overview/edcs
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ENDOCRINE DISRUPTORS,
FERTILITY AND CANCER
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Epigenetic Transgenerational
Actions of Endocrine Disruptors
and Male Fertility

Matthew D. Anway, Andrea 5. Cupp,* Mehmet Uzumeu, |
Michael K. Skinner |

Transgener ational elects of environmontal taxdms Tequse elther a chromosom s
or opigenetic sterathon in the germ line. Transkent exposure of & gestating fe
male rat during the period of gonads| sex detarmination to the endocrine dis-
rupters vindodin (an antiandrogenic compound) or methoxychlor [an
estrogenic compound) Induced an adull phenotype in the F, generation of
decremsed spermatogenic capacity [cell number and viability) and inoeased
Incidence of male infertitity. These effects were transferred through the male
germ line to nearly sl males of .I.II subsequent genn-rnlnn: swamined (that is, F,
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"The effects on reproduction correlate with altered DNA methylation
patterns in the germ line. The ability of an environmental factor (for
example, endocrine disruptor) to reprogram the germ line and to
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Epigenetic Transgenerational
Actions of Endocrine Disruptors
and Male Fertility

Matthew D. Anway, Andrea 5. Cupp,” Mehmet Uzumcu,?
Michael K. Skinner]

Transgenerational effects of envirmnmental toxing require either a chromosomal
or epigenetic alteration in the germ line. Transient exposure of a gestating fe-
male rat during the petiod of gonadal sex determination to the endocrine dis-
ruptors vinclorolin (an antiandrogenic compound) or methoxychlor (an
estrogenic compound) induced an adult phenotype in the F, generation of
decreased spermatogenic capacity [cell number and viability) and increased
Incidancs A saals lalactilitg Thees affacte wmam bramdarmsd Hhriwk tha male

Preatments, such s aroedaton aod ©hee-
I!::r.upg.', il ulm;mu:u].s, sich o envimonmen-
fal towirs, powe o theeat o the integrity of the
genome, Studies have shown that these
agents can fesull in genetic or developmental
defects in the offspang or F| gencration from
an exposed gestating mather, The ability of an
external apent 1o induce o tminsgmemeional ef-
feet requires stable chromossmal alierivorns or
an epigenetic phenomenon such as DNA
methylation (/). In the present study, tmns-
generationnl refers o n germbine mansmssion
o mubipte gencrations, minimally o the F,
genermtion.  Tromspenemtionnl effecs of fr-
richation were the fimd (o be identilied tlwough
imnsmsson of DNA putitions in the germ
line W multiple gpenermtiond (2], offen asso-
cimed with fumor formanon, Chemothempeurse
treatments (5) wnd etvironmental oxms such s
endocnne disrpors () con couse effects inthe
I, genentiin, but they hive not been shown to
alfect the F, gencention. Although no effects
hove heen shown to be tronsgencmtional, the
potential impact ol such truomsgenerntional
effects of endocrine disruprors has  been
discussied (5

nelc il equires i permancnl reproErmm-
mnge of the germ line, DLI.H!!E mammalian
pgemm cell development the mcthylation stfe
of the genome ks reprogrammed, As prmor-
dial germ cells (PGCs) migrite down the
geonial edge, o demethylmion starts and s
complete on ¢oloniztion in the early gonad
{7, 8, Genn cells m the gonad then undergo
remethylution in a sex-specific mannet dur-
g gonadal sex dete rmmntion {¥). Although
demethylation may not require the gonadal
somutic cells, remethylation of the germ line
appears o be dependem on assoc ition with
the somutic cells in the gonads (7). Gonadal
sex detemminntion and festis  development
eccur between embryomie days 12 and 15
(E12 1o E15) in the rat {alter midgesttion in
the human) and are minated by the differen-
tiation of precursor Seeoli cells in response
w the testis-detemining factor S5y, Aggre.
gatwn of the procumor Sertol cells. PGS,
and migrating mesoncphros cells (precumsor
peniubular myoid cells) promotes testis mor
phogenesis and cord formution (10, 11), Dur
g the perid of ponadal sex delermummstion,
the feal wsts containg aerodd reeeplors and is

tonal tmmsmssion of an altered phenotype
or genethe frai

The cstrogenic and antiandrogenic endo-
cring disruptors used in the current study are
methoxyehlor and vinclosolin, respectively.
Vclozolin s a commonly used fungicade in
the wine industry that & mctabolized into more
setive (e, higher affimity binding 1o andm-
gen recepior ) compounds (/41 Methoxyehlor
5 used a8 a pesticide o replace DDT and i
metabolized into active compounds with the
ERe agonist, the ERP antagonist, pod anti-
undrogeme actovity (1517 Vinclozolin or
methieyehlor exposure in the late embryonie
of carly postnatal penod miluences sexual il
lerentition, gonad formntion, and reproductive
funcuions in the F, pencration {14, 18 19).
Teapscnt exposure (dolhy iniranertoncnl inec-

tween E1S and EZD hidd oo cllect on the F
generation teatis (20, 21), These observations
were extended in the present study by treat-
ing the pestating mother with vinclosoling F,
prncration male rats were muted with F, gen
ertion females from different biers. Subrse-
vquent broeding ¢ontinced for four generm tions
with sufficient numbers of animals o pvedd
abling inbrecding. Adull males from F,, Fo
F, and F| gencrations between postratul days
PNDG0 and PNDIS0 were kalled. Testen were
molated for hisological examinaiion, and caw-
dal epitidymal sperm were callected for sperm
counts and motility mexauements. Caly the
oripnal pestiting mother (F) of the F, gen-
emiton received b tmnsent endocrine disruptor
rentment, Contml groups of pnmals were bred
n a similar manner afier vehicle reatment
{himethylsulfoxide buller alone injected) of
the ¥, pestating mother, Annlvas of eellular
wpopiosts demonstrated o greater than two-
liold incrense in spormutogenic ccll upoptosis
i ithe vinclogolin treatment anumals for the
F, to F, generations (Fig. 1A), Sperm fume.
bers were neduced nunumally, 20%, and spemm
forward motility was reduged ahout 25 w 315%,

way
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" both vinclozolin and methoxychlor induced transgenerational
defects in spermatogenic capacity and sperm viability.”
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ENVIRONMENTAL NON-PERSISTENT
ENDOCRINE-DISRUPTING CHEMICALS EXPOSURE
AND REPRODUCTIVE HORMONES LEVELS

IN ADULT MEN

EMILA DZIEWIRSEA, WOJCIECH HANKE, and JOANNA JUREWICZ

Nofer Institute of Occupational Medicine, Lédé. Poland
Department of Envirormental Epldemiology

Abatrsat
Nuf-fetaiodil chdocrine-dnrapting chembcaly (EDHC ) wfc esogeiinn, s masde sabstafos prescnl 16 the cavifonment
that ey istericne with the neturs] buman hosmonos and may cxcnt sdvere comscguenors o haman orgenim. Endocrine.
darupting ¢hemicals have been suspeoied o be ssociated with slicred icprodactive fosction in the cose of males and
femaloy. Emaronmentsl cadeorene -dinipling moo-pordvent chemeois Itke parabenn, phthalsios, bisphenol A (BPA), ne-
thetse pyvethrosds and ongaoephosphate peaticidon sre found in varkomss products sach o metal foomd cana plastse Bottlen,
ﬂ:t::zrn.'u. personal core products or chemicals wied for Gghiting sgainil insects. The widespread dstribution of these
chemcals camees that homam s permanently exposed through multipds sources. The sim of this review s o semms
rize daty lnking non-perssicnt cndocTine-dinropiing chemical cxposare, and baman, malkr reproductive hormanes low-
el The included sjudics were selected by searched PubMed, Web of Scence and MEDLINE, original papers published
from 2006 1o 216 snd refzring o homan dats were induded 1o the roview. The remltn of reviewsd stndics were oot
qupsnbcRL Bmvdd, Mapiiy of the sludiis indeatss] That poR-peisilen) EDCw may abfoct male reproductive hormones
leweds. Wit finadines suerest thad cxnosure b eovronmenisl EINC o neeatively related to the lovel of testosorons (oacent

"The results of the reviewed original papers suggest that
environmental exposure to non-persistent endocrine-disrupting
chemicals may affect reproduc’rive hormones levels."
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Urinary concentrations of parabens and reproductive parameters in
young men
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Metabolic syndrome, endocrine disruptors and prostate cancer
associations: biochemical and pathophysiological evidences
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“ This review summqnzes ’rhe main pa’rhophymologmol basis of
the relationship between metabolic syndrome, endocrine
disruptor exposure and prostate cancer that is the most

common cancer among men in mdus’rrlohzed countries.”

wﬂdmrm il a l:l'l.’lllli' nl mmholi: lnd hormon
initiation and recurrence of many n chronlc di Including hormonal-related
cancars and it s considered as the world's lsading health problem in the coming years.
Many blologlcal factors correlate metabollc syndrome to prostate cancer and this
reviaw is aimed to focus, principally, on growth factors, cytokines, adipokines, cantral
obesity, endocrine abnormalites and exposura to spacific endocrine disruptors, a
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Urinary excretion of phenols, parabens and benzophenones in young men: 8 i
Associations to reproductive hormones and semen quality are modified by =)
mutations in the Filaggrin gene
Ulla Nordstrdm Joensen”, Niels Jorgensen®, Jacob P. Thyssen”, Pal Bela Szecsi, Steen Stender”,
Jargen Holm Petersen”, Amm Marin Andersson”, Hanne Frederi
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“We hypothesise that effects of exposure to these
compounds may be modulated in FLG mutation carriers by
either different levels of co-exposures or by route of uptake,

with a higher fraction of the uptake by dermal uptake.”

1. introsdwction Tocus during thie past decodes. We hove previously shown thaet nearly all
Duuﬂl chlldncn l.l'hl tdulll are exposed o several of these chemicals

Poteniial emadocrine disrupiing chemicals such s blasphenal A& (RPAY (Frederika 143, some of which have Been amocisted with
and trickosan (TCF), parabens and benaephenone: 3 (BP-3) have bern in lllrn:d n:ltlcuhl hln( tion in humans (Lassen i ol . 20141 However,
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= BISPHENOL A (BPA)




THE EDC BPA HAS
TRANSGENERATIONAL EFFECTS IN MICE

low-dose BPA (1.2 or 2.4 g/kg body weight)at environmentally
relevant levels has been shown to induce transgenerational
effects in rats, that is, male offspring prenatally exposed to
BPA had reduced sperm counts and sperm motilities, and
these phenotypes persisted through to the F3 population

y Bernal and lJirtle, 2010



Review > Ceska Gynekol, Winter 2019:84(2):161-165.

Bisphenols in the Pathology of Reproduction

M JeSeta, T Crha, J Zakovd, P Ventruba
PMID: 31238688

Abstract

Objective: Bisphenols are one of the most widespread endocrine disruptors that the
population of west world countries is exposed to. Objective of this study is to summarize
ifermation about influence of bisphenols on reproduction health.

)esign: Review article, Setting: Department of Obstetrics and Gynecology, Facuity of
fedicine, Masaryk University and University Hospital Brno.

Methods: PubMed was searched for articles in English indexed bisphenol and reproduction up
to October 2018.

“Bisphenols are widespread endocrine
disruptors that could cause severe fertility
disorders of men and women.” "".

disorders of men and women.

17 *‘

¥



BPA induced changes in gene expression could be
transferred across generations

Foster, W.G., Hughes, C.L., 2011. Gene expression in oogenesis and implications for
transgenerational effects of environmental toxicants. Biol. Reprod. 84, 2—4.




BPA exposure can affect future generations by
altering epigenetic mechanisms.

Soriano, S., Alonso-Magdalena, P., Garcia-Arevalo, M., Novials, A., Muhammed, S.J.,
Salehi, A., Gustafsson, J.A., Quesada, I., Nadal, A., 2012. Rapid insulinotropic action
of low doses of bisphenol-A on mouse and human islets of langerhans: role of
estrogen receptor beta. PLoS One 7, e31109.
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Bisphenol S in Food Causes Hormonal and
Obesogenic Effects Comparable to or Worse than
Bisphenol A: A Literature Review
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Abstract: In recont years, bisphenol analogues such as bisphonol S (BPS) have come to replace
bisphenaol A in food packaging and food conmminors, since bisphonol A {(BPA) has been showmn to leach
into food and water, causing numerous negative health effects. Unfortunately, little or no research
was done to determine the safety of these BPA-free products before they were marketed to the public
as a healthier alternative. The latest studies have shown that some of these bisphenol analogues may
be oven maore harmmiful thoan the nl"isinal BFA in somme situations. This article used a literature ELIFV Y
1o investigate the bisphenol anaslogus BPS and compare it te BPA and other analogues with regards to
incroased obesity, metabolic disorders, cancer, and reproductive defects; among others, It was found
that BFS work=s via different pathways than does BPA while causing equivalent obesogenic effects,
=uch as activating preadipocytes, and that BPS was correlated with metaboelic disorders, such as
gestational diabetes, that BPA was not correlated with,. BFS was also shown to be more toxic to the
meproductive system than BPA and was shown to hormonally promote certain breast cancers at the
same rate as BPA. Therefore, a strong argument may be made to regulate BPS in exactly the same
manner as BITA

Keywords: bisphenol analogues; food packaging: obesogenic effects; metabalic disorders

“Therefore, a stfrong argument may be
made to regulate BPS in exactly the
same manner as BPA.”

O InNe INOESD WeLl-ETOW T LA S (CICOOCTins: ﬂ]“‘l.‘l'PI’.‘II!H mm'ﬂ)m’l WRLI Pl’mml:‘:ﬂ CITOCTS O L™
reproductive system, child development, metabolic disordess. obesity, endocrine disorders. and the
naesrvolus system; as well as being implicated in causing DNA damage, oxidative stross, and breast
cancer [2—i]. The concern about BPA affecting child development prompted a ban on BPA-containing
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Exposure assessment to parabens, bisphenol A and perfluoroalkyl 'E
compounds in children, women and men by hair analysis S
Jutia Martin *, Juan Luis Santos, Irene Aparicio, Esteban Alonso
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“The results of ’rhls s’rudy reveal the suitability of hair for

biomonitoring endocrine disrupting compounds of high
concern (PFCs, parabens and BPA) to which population is

internally or/and ex’rernolly but continuously exposed.” “"‘.
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MESEARCH ARTICLE

Glyphosate-based herbicides at low doses
affect canonical pathways in estrogen positive
and negative breast cancer cell lines
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cancrieai pusfways 0 peiragen peritve and

mh-ww*dh'“ "lﬁﬂfﬁ Giyphosale is & broad-specinm herbicios 1hat i8 used workdwide. i represents & potental

EG' w. harm bo surfaco waler, and when commancaily mised with surfactants, e uptske is groaty
magnifiod. The moest well-known ghyphosate-based product i Foundup. This harbicide is

Bl Bk bt | bt s 0 i, Ml bt

“Our findings sugges’r that Roundup affects survival due to
cell cycle deregulation and metabolism changes that may
alter mitochondrial oxygen consumption, increase ROS
levels, induce hypoxia, damage DNA repair, cause mutation
accumulation and ultimately cell death. To our knowledge,

this is the first study to analyze the effects of Roundup and @

AMPA on gene expreSS|on in triple nego’nve BC cells.” ’ ®
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“Animals receiving soy milk supplemented with 100
mg/kg glyphosate showed decrease in round
spermatids and increase in abnormal sperm
26 morphology, compared to control.”




Perinatal exposure to glyphosate and a glyphosate-based herbicide affect

spermatogenesis in mice,

Thu Ha Pham', Lobaan Denan', Christine Kervarree!, Pierre-Yves Kemanee!, Bernard Jégou',

Fatima Smagulova' and Aurore Gely-Pernot'”.
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Bernard, 35000 Rennes, France, E-mail: aurore. gely-pemnot@chesp. (i

Key words: Glyphosate, Roundup, spermatogencis, reproduction, differentiation

“Our data demonstrate that glyphoéa’re and
GBHs could cause endocrine-disrupting
effects on male reproduction af low doses.” ®
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The Ramazzini Institute 13-week pilot study .
glyphosate-based herbicides administered

at human-equivalent dose to Sprague

Dawley rats: effects on development and
endocrine system

Fabsana Mansenys Lo
lar A I

’| i btes

“The present pilot study demonstrate that GBHs exposure, from prenatal
period to adulthood, induced endocrine effects and altered reproductive
developmental parameters in male and female SD rafts. In particular, it was

associated with androgen-like effects, including a stafistically significant

increase of AGDs in both males and females, delay of FE and increased
testosterone in female. Hormonal status imbalances were more pronounced
2 In Roundup-treated rats after prolonged exposure.”
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"Thus, It sirens that the combined effect of various EDCs
Impacting human health would remain as an ever burning
‘health burden’ to all the nations, as if an immersed
Himalayan iceberg in the ocean, unless and until we melt it
down completely with conscious effort and coordinated
determination.”
‘,0,
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The Paradox of Progress: Environmental Disruption of
Metabolism and the Diabetes Epidemic

Brian A. Neel' and Robert M. Sargis®

Aa i tade of chemicsls bhom of U behstrial Age hes arism (o
w gl oup e niromevnd, & drasti hourge Biss oo & ket s b
natwy of the mosi s s puiblic eskh problens

Blilviel 1 rwam, Sedeml Sprasgr, 19902

Worldwide nites of dinbetes and other metabolic diseises
have exploded over the lst several decades Globally,
more than 170 million ndividuals camently suffer from
dinbetes, ol this number s projected o reach a sagger
g 356 milion by 20080 (1) This scourge results in sl
ieant individusl morbidity and mortality while contributing
to the economic fragifity of healthcare systems oeross the
globe. In the 115, alone, anmunl costs associated with i
nbetes are estimated (o be $174 billion (2). As such, overy
effort mist be made to understand the Tactors underbying
this emwrging metabolic disaster in onder o mitigate its
deleterious impact on the individieal and soclety. Recently,
an expanding body of scientific evidence has begun o

goods and consumer products, as well as water and air
contaminated with industrinl wasite (Fug. 1), Early shidies
of FDCx focused on dentifying chemicals with the ca
pacity o modulste sex sterold and thyroid hormone g
naling however, recent work suggests that some chemicnls
may distur sigmaling pathways critieal for energy o
meostasix (5). Despite the potential mporance of EDCs in
the pathogenests of metabolic diseases, the contribution
of synthetic chemical exposure to the dinbetes opidenic
remains laggely unrecognized and underapprecisted even
though 1.5 disbetes mies havwe increased i concordance
with the mational production of synthetic omganic chem-
beals (Fig 27, While sach comelations are crude, emerging
dita supports a biologically plassible cansative link be
tween dinbetes and chemical exposure. Here, we present
chnta suggesiing a role for some synthetic chemicals in the
pathogenesis of diabetes that merits camprehensive offons
to adkdress the contribution of emdronmental politants o
this burgeoning metabolic catastrophe.

L e T T L T A Ll Ass  sonn

societal toll of diabetes.”

disrupting chemical (EDC) a8 = ofen ous agent
interferes with the production, nels . trarsport, metabo-
s, biming, action, of eliminaton of natural hormones in
the body responsible for the mointenance of homeostasis,
reproduction, development, andfor bebuvior™ (4), Putatve
EDCs inchde struocturally diverse chembeals inehiding or
gande pollitants, heavy mctals, pharmoceuticals, and phy
tochemicals, with humans exposed through agricultural

mental evidence demonstrating thal certaln  envinon
mental pollutants induce adipogencss and weight gain in
experimental models, ked 1o the environmental obesogen
hypothesis that posits o cousative role for synthetic chem
bcals in the pathogenesis of obesity (rev. in §)

While environmental obesogens have ightfully received
much discussion, i i mportant o recogniee thal obesty
per se mEy not lead 1o abnormalities in ghicose homeo
stasls. An important disgineton in obesity research is the
differentiation between metabolically deleterions obesty

o®

“This paradox of progress now mandates a reassessment of how our
consumption habits negatively impact our metabolic health in order
to devise effective strategies to limit the significant individual and
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Metabolism and the Diabetes Epidemic

Brian A. Neel' and Robert M. Sargis®

B.A. NEEL AND R.M. SARGIS

Sources of Chemicals
*Agriculture +Industrial Waste
*Phytochemicals Pharmaceuticals
*Consumer Producls

Routes of Exposure
*Transdermal «Inhalation

*Transplacental «Ingestion

_Metabolic Targets
*Adipose Tissue *Pancreas

sLiver +<Brain +Skeletal Muscle

FIG. 1. Sources and targets of metabolic disruptors.
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Evaluation of the Association between Persistent Organic Pollutants (POPs)
and Diabetes in Epidemiological Studies: A National Toxicology Program

Workshop Review

Kyla W. Taylor,” Raymond F. Novak,? Henry A. Anderson,? Linda S. Birnbaum,® Chad Blystone,® Michael DeVito,®
David Jacobs,® Josef Kéhrle,” Duk-Hee Lee,® Lars Ryfand‘ar # Anna H?nn.ﬂ-ﬂrdhnm,’ Rogelio Tornero-Velez,

Mary E. Turyk,’! Abee L. Bnyfes,’ Kristina A. Thayer," and Lars Lind?

1Dffice of Health &ssassment and Translation, Division of tha National Taxicology Program, Mational Institute of Environmantal Health
Sclences, National Institutes of Health, Departmeant of Health and Human Services, Research Triangle Park, Morth Carolina, USA; #Shriners
Hospitals for Children International, Tampa, Florida, USA; ®Wisconsin Division of Public Health, Bureau of Environmental Health, Madison,
Wisconsin, USA; *National Institute of Enviranmental Health Sciences, National Institutes of Health, Department of Health and Human
Services, Research Triangle Park, North Carolina, USA; SToxicology Branch, Division of National Toxicology Program, National Institute of
Enviranmantal Health Sciences, National Institutes of Health, Department of Health and Human Services, Research Triangle Park, North
Carolina, USA; PDivision of Epidemiology & Community Health, University of Minnesota Schoeol of Public Health, Minneapalis, Minnesota,
USA; Minstitute of Exparimental Endocrinology, Charité Universititsmedizin, Humbaldt University, Berlin, Germany,; BDepartmant of
Preventative Medicine, School of Medicine, Kyungpook National University, Daegu, Republic of Korea; ®Division of Occupaticnal and
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Backcrousn: Diabetes is 3 major threat to public health in the Unired States and worldwide.
Understanding the role of environmental chemicals in the develop or progeession of diab is
an emerging issoe in environmenral health.

OmyeEcTive: Wi d the inlogic literamare for evidence of asoctations beoween persistent
organic pud.luunn [POPs) andqrpe 2 duhem

Mernops: Using 3 PubMed search and reference lists from relevant soadies or review articles, we
identified 72 epidemiological studies thar investigaved associagions of persistent organic pollpgants
(PO} with diaberes. We evaluated these smudies for consistency, surengths and weaknesses of soudy
design {induding power and staristical methods), clinical diagnosis, exposure assessment, study
population characteristics, and idensification of data gaps and areas for fure research.
Coxcrusions: Heterogeneity of the studies precluded condocting a lysis, bur the 1
evidence is sulficient for 3 positive association of some erganochlorine POPs with type 2 diaberes.
Caollectively, these dara are not sufficient 1o sstablish cansality. Initial data mining revealed thar the
swrongest positive correlation of diaberes with POP's occurred with organochlorine compounds,
such as rrans-nonachlor, dichlorodiphenyldichloroethylens (DDE), polychlorinared hiphenyls
{PCB:), and dinxing and dioxin-like chemicals, There is less indication of an association berween
other nonorganochlorine POPy, such as perfluorealkyl acids and brominated compounds, and
type 2 diaberes. Experimental data are nesded to confirm the causality of these POPs, which wifl
shed new light on the pathogenesis of diabetes. This new information should be considered by
governmental bodies invalved in the regulation of envi | contami

Kev wonns: chemically induced, disbetes, environment, epidemiology. gl h insulin,
metabolic syndrome, obesity, persizient organic pollurants, pollution, woxicology.

Environ Health Perspecr 121:774-783 (2013). hupdfde doi.orgf 10.1289/ehp. 1205502 [Online
7 May 2013]

Diabetes Associatdon 20011; Knowler er al.
2002). Recently, T2D is being diagnosed in
individuals eadier in life. including adolescents
(NIDDK 2011). Given the number of people
impacied by the disease, an cstimated 346 mil-
lion Pcup]: woddwide (WHO 2011), and the
long-term consequences of diabetes in rerms
of i'rlnrbidir}r. murtll]ty. and economic casts,
there is considerable interest in Lmdcmt:ndl:ng
the comenibution of “nomnradidonal”™ sk fac-
tors, such as environmental chemicals, ro che
diabetes cpid.:mic. Environmental EXJAOSUTES
that have been linked 1o diaberes in at least
same study p-npu]zh'nm include persistent
org:mic pn-lluranu (POPs), arsenic, bisp['i:-
nal A, phthlatates, arganotins, nunp:rs;str_nt
P:lil:u:u.ls (Thayer ec al. 2012), and air pollu-
tion (Coogan et al. 2012; Hathour et al.
20046; Krimer et al. 2010; O'Neill e al. 2007;
Pesrson et al. 2010,

Ower the past several years, rescarch

J.I:H.rﬂsing the mole of environmental chemicals

Address corespondence o KW, Taylor, Matanal
Texlbalogy Progras, P.O. Box 12333, MD K2-04,
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Obes Rev. 2013 Sep 2. doi- 10.1111/obr.12086. [Epub ahead of print]

Persistent organic pollutants meet adipose tissue hypoxia: does cross-talk contribute to
inflammation during obesity?

Myre M Imbeault P.

Behavioral and Metabolic Research Unit, School of Human Kinetics, Faculty of Health Sciences, University of Ottawa, Ottawa, Ontario, Canada

Abstract

Lipaphilic persistent organic pollutants (POPs) accumulate in lipid-rich tissues such as human adipose tissue. This is particularly
problematic in individuals with excess adiposity, a physiological state that may be additionally charactenzed by local adipose fissue
hypaxia. Hypoxic patches occur when oxygen diffusion is insufficient to reach all hypertrophic adipocytes. POPs and hypoxia
independently contribute to the development of adipose tissue-specific and systemic inflammation often associated with obesity.
Inflammation Is induced by increased proinflammatory mediators such as tumour necrosis factor-alpha, interleukin-6, and monocyte
chemotactic protein-1, as well as reduced adiponectin release, an anti-inflammatory and insulin-sensitizing adipokine. The aryl
hydrocarbon receptor (AhR) mediates the cellular response to some pollutants, while hypoxia responses occur through the oxygen-

"POPs and hypoxia independently conftribute to the
development of adipose tissue-specific and systemic
iInflammation often associated with obesity".
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Environ Res. 2015 Jan 23;137C:419-423. doi: 10.1016/j.envres.2015.01.010. [Epub ahead of print]

Urinary phthalate metabolites are associated with insulin resistance in
obese subjects.

Dirinck E‘, Dirtu ACE, Geens TE, Covaci AE, Van Gaal L3, Jorens PG*,

+ Author information

Abstract

Phthalates are potentially involved in the development of type 2 diabetes mellitus. In a cohort of 123
obese subjects, 10 phthalate metabolites were analyzed. An oral glucose tolerance test was performed
and various estimates of insulin resistance and beta-cell function were calculated. After adjustment for
age, physical activity level, smoking behavior, medication use and body mass index, several phthalate
metabolites were linked to markers of glucose tolerance and insulin resistance.

Copyright © 2015 Elsevier Inc. All rights reserved.
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Environ Health Perspect 2013 Aug:121(8)906-11. doi. 10.128%ehp 1206113. Epub 2013 May 13
Diabetes, metabolic syndrome, and obesity in relation to serum dioxin concentrations: the
Seveso women's health study.

Warner M. Mocarelli P, Brambilla P, Wesselink A Samuels S, Signorini 5, Eskenazi B.

Center for Environmental Research and Children's Health, School of Public Health. University of California, Berkeley. Berkeley, CA 94720, USA
mwarner@berkeley edu

Abstract
BACKGROUND: In animal studies, 2 3,7 8-tetrachlorodibenzo-p-dioxin (TCDD) alters glucose transport and increases serum lipid
levels and blood pressure. Epidemiologic evidence suggests an association between TCDD and metabaolic disease.

OBJECTIVES: On 10 July 1976, a chemical explosion in Seveso, Italy, resulted in the highest known residential exposure to TCDD.

Using data from the Seveso Women's Health Study (SVWHS), a cohort study of the health of the women, we examined the relation of
serum TCDD to diabetes, metabolic syndrome, and obesity = 30 years later.

METHODS: In 1996, we enrolled 981 women whao were newborn to 40 yvears of age in 1976 and resided in the most contaminated
areas. Individual TCDD concentration was measured in archived serum that had been collected soon after the explosion. In 2008,
833 women paricipated in a follow-up study. Diabetes was classified based on self-report or fasting serum glucose and glycated
hemaglobin levels. Metabolic syndrome was defined by International Diabetes Federation criteria. Obesity was defined as body
mass index = 30 kg/m2.

RESULTS: A 10-fold increase in serum TCDD (log10TCDD) was not associated with diabetes (adjusted hazard ratio = 0.76; 95%
Cl: 0.45, 1.28) or obesity [adjusted odds ratio (OR) = 0.80; 95% CI: 0.58, 1.10]. Log10TCDD was associated with metabalic
syndrome, but only amang women who were = 12 years of age at the time of the explosion {(adjusted OR =2.03; 95% CI. 1.25, 3.29;
pinteraction =0.01).

CONCLUSIONS: \We found an increased prevalence of metabolic syndrome associated with TCDD, but only among women who
were the youngest at the time of the explosion. Continued follow-up of the SYWHS cohort will be informative.
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Environ Health Perspect. 2016 Oct 7. [Epub ahead of print]

Chronic Exposure to Low Doses of Dioxin Promotes Liver Fibrosis Development in the C57BL6/J Diet-Induced
Obesity Mouse Model.

Duval C'2, Teixeira-Clerc F34, Leblanc AF'2, Touch S5, Emond C7, Guerre-Millo M8, Lotersztajn S34:8, Barouki R'2:2, Aggerbeck M2, Coumoul X1:2:10,

# Author information

Abstract

BACKGROUND: Exposure to persistent organic pollutants (POPs) has been associated with the progression of chronic liver diseases, yet the
contribution of POPs to the development of fibrosis in non-alcoholic fatty liver disease (NAFLD), a condition closely linked to obesity, remains
poorly documented.

OBJECTIVES: We investigated the effects of subchronic exposure to low-doses of the POP 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), an aryl
hydrocarbon receptor ligand, on NAFLD progression in diet-induced obese C57BL/6J mice.

METHODS: Male C57BL/6J mice were fed either a 10% low fat (LFD) or a 45% high fat (HFD) purified diet during 14 weeks and TCDD-exposure
groups were injected once a week with 5 ug/kg TCDD or the vehicle for the last 6 weeks of the diet.

RESULTS: Liver histology and triglyceride levels showed that exposure of HFD fed mice to TCDD worsened hepatic steatosis, as compared to
either HFD alone or LFD plus TCDD and the mRNA levels of key genes of hepatic lipid metabolism were strongly altered in co-treated mice.
Further, increased liver collagen staining and serum transaminase levels showed that TCDD induced liver fibrosis in the HFD fed mice. TCDD in
LFD fed mice increased the expression of several inflammation and fibrosis marker genes with no additional effect from a HFD.

CONCLUSIONS: Exposure to TCDD amplifies the impairment of liver functions observed in mice fed an enriched fat diet as compared to a low fat
diet. The results provide new evidence that environmental pollutants promote the development of liver fibrosis in obesity-related NAFLD C57BL/6J
in mice.
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J Toxicol Environ Health A 2013.76(12)701-15_ doi 10.1080/15287394 2013 796503

Chronic Exposure to PCBs (Aroclor 1254) Exacerbates Obesity-Induced Insulin Resistance and
Hyperinsulinemia in Mice.

Gray 5L Shaw AC. Gaane AX. Chan HIM.
a Northern Medical Program, University of Northern British Columbia | Prince George | British Columbia | Canada.

Abstract

Evidence from recent epidemiological studies has emerged implicating exposure to environmental toxicants as a novel risk factor for
the development of type 2 diabetes (T2D) and the metabolic syndrome in the general population. Humans and other arganisms in
high trophic levels of the food chain consume persistent organic pollutants (POP) through their diet. Few expenmental studies
demanstrating cause and effect are available and evidence for a direct association between accumulation of POP and T2D Is
preliminary, however, the possibility exists that lipophilic chemicals that accumulate in fatty tissue may disrupt cellular function and
metabal;:: hameostasm Chromc exposure of dmbetes pmne CE?BFG mice tr:J a polvchtonnated b|phenyl (PCB) mtxture {Arocfur
1254, 1

e OUF results demonstrate a causative

"¢ association between PCB exposure and

Aroclo

sso0 Qpesity-induced insulin resistance and

chang

=pres NYPErNsuUlinemia independent of body weight
changes.
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Perinatal Exposure to Perfluorooctane Sulfonate Affects
Glucose Metabolism in Adult Offspring

Hin T. Wan, Yin G. Zhao, Pik Y. Leung, Chris K. C. Wong"*

Partner State Key Laboratory of Environmental and Riological Analysis, Croucher Institute for Enwironmental Sciences, Department of Biology, Hong Kong Baprist
Unversity, Hong Kong, Pecple’s Repubhic of China

Abstract

Perfluoroalkyl acids (PFAAs) are globally present in the environment and are widely distributed in human populations and
wildlife, The chemicals are ubiguitous in human body fluids and have a leng serum elimination half-life, The notorious
member of PFAAs, perfluorcoctane sulfonate (PFOS) is prioritized as a global concerning chemical at the Stockholm
Convention in 2009, due to its harmful effects in mammals and aquatic organisms. PFOS is known to affect lipid metabolism
in adults and was found to be able to cross human placenta. However the effects of in utero exposure to the susceptibility of
metabolic disorders in offspring have not yet been elucidated. In this study, pregnant CD-1 mice (Fy) were fed with 0, 03 or
3 mg PFO3/kg body weight/day in com oil by oral gavage daily throughout gestational and lactation periods. We
investigated the immediate effects of perinatal exposure te PFOS on glucose metabolism in both maternal and offspring
after weaning [PND 21). To determine if the perinatal exposure predisposes the risk for metabolic disorder to the offspring,
weaned animals without further PFOS exposure, were fed with either standard or high-fat diet until PND 63. Fasting glucose
and insulin levels were measured while HOMA-IR index and glucose AUCs were reported. Our data illustrated the first time
the effects of the environmental equivalent dose of PFOS exposure on the disturbance of glucose metabolism in F, pups
and F, adults at PND 21 and 63, respectively. Although the biological effects of PFOS on the elevated levels of fasting serum
glucose and Insulin levels were observed in both pups and adults of F,, the phenotypes of insulin resistance and glucose
intolerance were only evident in the F; adults. The effects were exacerbated under HFD, highlighting the synergistic action
at postnatal growth on the development of metabolic disorders.

Citation: Wan HT, Zhao ¥G, Leung PY, Wong CKC (2014) Perinatal Exposure to Perflunrooctane Sulfonate Atfects Glucose Metabolism in Adult Cffspring. PLoS
OME 21h ed 7137, douii 37 1Aoumalpone 0087 137
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Eur Rev Med Pharmacol Sci. 2015 Jan;19(1):123-128.

Effect of environmental air pollution on type 2 diabetes mellitus.
Meo SH*, Memon AN, Sheikh SA, Al Roug F, Mahmood Usmani A, Hassan A, Arian 5S4

# Author information

Abstract

OBJECTIVE: Air pollution is a novel risk factor for insulin resistance and occurrence of type 2 diabetes mellitus
(T2DM), but the evidence is limited and diverse. Therefore, the aim of this study was to assess the effect of
environmental air poliution on incidence of type 2 diabetes mellitus.

METHODS: In this study, we identified 102 published studies through a systematic data base search including 151-Web
of Science, EMBASE and PubMed. We searched the related literature by using the key terms including diabetes
meliitus, air pollution, occupational and environmental pollution, gaseous, NO2, pariiculate matter pollutants PM2.5, and
P10, Studies in which diabetes mellitus, insulin resistance, air pollution, occupational and environmental pollution was
discussed were included in the study. No confines on publication status, study design or language of publication were
considered. Descriptive and quantitative information were extracted from the selected literature. Finally we included 21
publications and remaining studies were excluded.

RESULTS: Air pollution is a leading cause of insulin resistance and incidence of type 2 diabetes mellitus. The
association between air pollution and diabetes is stronger for traffic associated pollutants, gaseous, nitrogen dioxide,
tobacco smoke and particulate matter.

CONCLUSIONS: Exposure to air pollutants is significantly associated with increased risk of type 2 diabetes mellitus. It
is suggested that, environmental protection officials must take high priority steps fo minimize the air pollution, hence to
decrease the incidence of type 2 diabetes mellitus.




HEAVY METALS
AND
INSULIN RESISTANCE

Low-level arsenic exposure reported to be
associated with insulin resistance.

43 NAVAS-ACIEN A SILBERGELD EK, PASTOR-BARRIUSO R, ET AL. ARSENIC EXPOSURE AND PREVALENCE OF TYPE 2
DIABETES IS US ADULTS. JAMA 2008; 300: 814-22
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Yonsei Med J. 2015 Jul:568(4):944-50. doi: 10.3348/ym|.2015.56 4. 944,

Blood Mercury and Insulin Resistance in Nondiabetic Koreans (KNHANES 2008-2010).
Kim KN', Park SJ7, Choi B2, Joo NS®.

# Author information

Abstract
PURPOSE: Blood mercury levels are associated with inflammation, and chronic low-grade inflammation is a cause of insulin
resistance. This study aimed to investigate the association between serum mercury and insulin resistance.

MATERIALS AND METHODS: Subjects from the 2008-2010 Korean National Health and Mutrition Examination Survey were
selected (n=29235) and the relevant data of 5388 subjects (2643 males and 2745 females) were analyzed cross-sectionally.
Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) was compared according to blood mercury quartiles, and
the odds ratio (OR) of having the highest quarile of HOMA-IR according to blood mercury guartiles was calculated.

RESULTS: Blood mercury levels in men and women were 29.4 nmol/L and 20.5 nmol/L, respectively, and fasting blood
sugar (FBS), insulin, and HOMA-IR were significantly correlated with blood mercury levels. The correlation was stronger in
men than in women. In men, FBS and HOMA-IR showed step-wise increases as the quartiles of blood mercury increased;
only HOMA-IR differed significantly in the third and fourth blood mercury quartiles, compared to the first quartile. In women,
however, both FBS and HOMA-IR differed significantly in the third and fourth blood mercury quartiles, compared fo the first
quartile. Among men, the OR of being in the highest HOMA-IR guartile was greatest for the highest blood mercury guartile
(OR=1.720, 95% CI; 1.172-2.526), compared with the lowest quartile.

CONCLUSION: In this large population-based study, blood mercury levels were weakly correlated with HOMA-IR and may
be a risk factor for insulin resistance in nondiabetic Koreans.
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Trends Endocrinol Metab. 2017 Aug;28(8):612-625. doi: 10.1016/.tem.2017.05.001. Epub 2017 May 25.

Gut Microbiota, Endocrine-Disrupting Chemicals, and the Diabetes Epidemic.

Velmurugan G, Ramprasath T2, Gilles M®, Swaminathan K4, Ramasamy_55.

@ Author information

Abstract

Diabetes is rapidly emerging as one of the biggest health concerns worldwide, with profound implications for disability, mortality, and costs.
This suddenly escalating rate of diabetes correlates with global industrialization and the production of plastics, pesticides, synthetic fertilizers,
electronic waste, and food additives that release endocrine-disrupting chemicals (EDCs) into the environment and the food chain. Emerging
evidence indicates an association between exposure of EDCs and diabetes. In humans, these chemicals are also metabolized by the gut
microbiota and thereby their toxicodynamics are altered. In this review we highlight studies that focus on the role of gut microbiota in EDC-
induced hyperglycemia and dysregulated glucose homeostasis. We also discuss the translational implications of understanding EDC-
microbiota interactions for the diagnosis and treatment of diabetes.

Copyright © 2017 Elsevier Lid. All rights reserved.

On exposure to EDCs, the gut microbiota undergoes a series
of changes including microbial dysbiosis and the induction
of xenobiotic pathways and associated genes, enzymes,

and metabolites that cause biotransformation of EDCs. ‘u.
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Trends Endocrinol Metab. 2017 Aug;28(8):612-625. doi: 10.10164.1em.2017.05.001. Epub 2017 May 29.

Gut Microbiota, Endocrine-Disrupting Chemicals, and the Diabetes Epidemic.

Velmurugan G', Ramprasath T2, Gilles M*, Swaminathan K*, Ramasamy S5.

+ Author information

Abstract

Diabetes is rapidly emerging as one of the biggest health concerns worldwide, with profound implications for disability, mortality, and costs.
This suddenly escalating rate of diabetes correlates with global industrialization and the production of plastics, pesticides, synthetic fertilizers,
electronic waste, and food additives that release endocrine-disrupting chemicals (EDCs) into the environment and the food chain. Emerging
evidence indicates an association between exposure of EDCs and diabetes. In humans, these chemicals are also metabolized by the gut
microbiota and thereby their toxicodynamics are altered. In this review we highlight studies that focus on the role of gut microbiota in EDC-
induced hyperglycemia and dysregulated glucose homeostasis. We also discuss the translational implications of understanding EDC-

TR “The microbial products and byproducts of
metabolism of EDCs are taken up by the host
and affect glucose homeostasis, primarily by

influencing hepatic gluconeogenesis.” O
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Gut Microbiota, Endocrine-Disrupting Chemicals, and the Diabetes Epidemic.

Velmurugan G, Ramprasath T?, Gilles M*, Swaminathan K*, Ramasamy S°.

# Author information

Abstract

Diabetes is rapidly emerging as one of the biggest health concerns worldwide, with profound implications for disability, mortality, and costs.
This suddenly escalating rate of diabetes correlates with global industrialization and the production of plastics, pesticides, synthetic fertilizers,
electronic waste, and food additives that release endocrine-disrupting chemicals (EDCs) into the environment and the food chain. Emerging
evidence indicates an association between exposure of EDCs and diabetes. In humans, these chemicals are also metabolized by the gut
microbiota and thereby their toxicodynamics are altered. In this review we highlight studies that focus on the role of gut microbiota in EDC-
induced hyperglycemia and dysregulated glucose homeostasis. We also discuss the translational implications of understanding EDC-
microbiota interactions for the diagnosis and treatment of diabetes.

“Remediation of EDC-induced microbidl
changes may be a potent therapeutic option
for the control and prevention of diabetes.”
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PCB126 blocks the thermogenic beiging response of adipocytes
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Orientin reduces the inhibitory effects of 2,3,7,8-tetrachlorodibenzo-p- m
dioxin on adipogenic differentiation and insulin signaling pathway in =
murine 3T3-L1 adipocytes
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“These results suggest that orientin may have beneficial
effects on the prevention of TCDD-induced wasting
syndrome and type Il diabetes mellitus accompanied by
insulin resistance.”
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i Environmental Toxicology and Pharmacology
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Organochlorine pesticides and polychlorinated biphenyls (PCBs) in early )
adulthood and blood lipids over a 23-year follow-up =

Jose R Sunrez-Lopez”™, Chase G. Clemesha®, Miguel Porta”, Myron D. Gross', Duk-Hee Lee’
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“PCBs and PBB-153 measured in young adulthood were positively
associated with prospective alterations in most blood lipid
components, with evidence of effect modification by BMI. Further
longitudinal studies with mulfiple measures of POPs overtime are
needed.”
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REVIEW

Recent decreasing trends of exposure to PCDDs/PCDFs/
dioxin-like PCBs in general populations, and associations
with diabetes, metabolic syndrome, and gout/hyperuricemia

Hosichy Arsadsa

EBeprarirpemd v Preemine Ssduoms, Pphinfe of Biemefa s Snmrs Trbusies Lnsrsty Crsfuaie S Tabashoms fapes

Abpiract | The auibor Feviewed recenl reporis aboul Uhe blood levels and distary inlake of polyehlovineled
dibenno -« padioxine D Turens (FCTFsddioxin ke polychlorinmsted biphenyis (DL PFCBab to investigaie ibhe
trends of diowin exposurs, anil spidemiologic studiess on the sssociations of blood levels of diozins with melabalio
discasss, In recent years, diciary intake of diozine has been decreasing, and the means are equal Lo ar less
than 1.0 pg Tosle Equivalents (TEQAgilay in the general populetinns of several conniriee. The bicod levels of
diszins are alss decreasing, probably because of reduced disiary intake. Many cross - sectlonal studies reported
passd live assoeiations betwern blood levels of some isamers oF TEQ: based coseentratioas of PCDDPCDFaIL -
e and dinbetes in general populations. Thres cohort studies on populations with heavy sxposurs and twa
neated case -control studies on geoeral populations have also been publlabed, but the results sre inconsisten.
Thiwe large- scale crvme - secllonal sticdies sl (we cohori studibes frporied an associalbsn betwera Blood levels of
woifi e isomers oF TEQ  bascd concentrations of PCDDTCDFSHL MO Hs and metabolic syaidrome. o sddition,
ihres cross. secllonal studles reporied significant posltive assceclallons wilih gout/hyperuncemie Forher pro-
aprciive studies and experimenial stodies are necdesd (o establish cause - effect relationships, and to clarify the
bBiulogical mechanizma for the seesciation - v Lo dinzine and potential bealth effecia J.
Bed. Innvewt 85 : 151 - 181, Augasl, BO1E

Keywwirads 1 Dwoiva, Duatetes, fomsbis sessbimoe. Motabvhs swmlrese. Gt

“Three large-scale cross-sectional studies and two cohort studies
reported an association between blood levels of some isomers or
TEQ-based concentrations of PCDDs/PCDFs/DL-PCBs and
metabolic syndrome. In addition, three cross-sectional studies
reported significant positive associations with
gout/hyperuricemia.”
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Diabetes, Cardiovascular Disorders and 2,3,7,8- \Q
Tetrachlorodibenzo-p-Dioxin Body Burden in
Czech Patients 50 Years After the Intoxication

Tomas Pelcl 1, Jan Skrha Jr ', Martin Prazny 1, Stepanka Vickova 2, Zdenka Fenclova 2
. Tomas Navratil 3, Jan Malik 7, Pavel Diblik 4, Vit Zikan 1, Daniela Pelclova 2

Affiliations <+ expand
PMID: 29568337 DOl 10.1111/bcpt. 13013

Abstract

The correlation between 2,3,7,B-tetrachlorodibenzo-p-dioxin (TCDD) intoxication and the
parameters of metabolic impairment was examined in the last eight male survivors of 80
workers exposed to TCDD during the production of herbicides in a chemical factory in 1965-
1967. Their median TCDD blood level was 112 (46-390) pa/g lipids, and the median TCDD
body deposit was 3.9 (0.8-11.7) ug. This puts these patients into the most severely intoxicated
group of subjects, according to back-calculated levels of TCDD. The median TCDD blood level
in eight controls was 12 pg/g (<0.10 to 22.2 pg/g). Markers of metabolic impairment -
diabetes, dyslipidaemia, arterial hypertension, carotid artery plaque, skin microvascular

“This suggests that TCDD plays a role in the development of
metabolic impairment and vascular changes.”

hypertension angiopathy (50% versus 14%). All eight patients (100% versus 43%) developed

plagues in carotid arteries, six had stenosis >50% and two had a carotid intervention (stenting

or endarterectomy). Total cholesterol levels decreased compared to the earlier study this ‘
patient group in 2008, most likely due 1o a more intensive use of lipid-lowering drugs. Several g
metabolic parameters were higher (diabetes as much as 3.5-fold) in the group of severely ‘
TCDD-intoxicated subjects than in a general population of comparable age. This suggests that A

TCDD plays a role in the development of metabolic impairment and vascular changes. .
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Chemical contamination and the thyroid

Leonidas F. Dunias

Meveriind 10 Marck 2004 F Accopied: 20 September T M Pubilished anline ® Ocesber 2014
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Abastraci  Industnial chemocal conlaminants have o van-
uble impact on the hypothalomc-pituriary-thyroid axi., tha
depenaling both on their class and oa condounding faciors.
Todsy, mouning evidence 18 pomiing. io ihe mde of envie
romemenial factors, end W:I'ﬁ.‘.ﬂl!- El’s, m the cusyesi
distressing apairge in the incidence of thynid discass. The
uncane v warrnniold. These subsiasces, which are nowas-
davs rife 1 oar enviconments ilnxlnd.ln-; wm (oodsuuils).
have been shown i imterfere with thyrald benmone sction
blowymibesis, end metabolism, ressling i disruplion of
tssie Bomeostasis sndfoe thyroid fuscthon. Enporisly,
based oa the concepe of the “noamonolonic dose-response
cmrve”, the relationship between dose and #ffect has often
been found 1o be nondinesr. Thus xmall doses can induce
unpredictable, sdverse effects, one cane being polychlon-
mated biphenyls (ICH:), of which congenerin) may cen-
wrally imhibit e hypothalamic-pituniary-thyroid axis, or

Keywords  Thymoid hormone tecepior - Endocrme
dimrupiors - Chemical pollstion - Thymoud - TSH -
Pulychl ped biphicnybs - Bisphenol A

Intreduction

“Foeble though we may seem. we have the power o

infiuence the course of our planet. ..

Colin Hiram Tudge.

An endocrine-disruptos (ED) n defioed by ihe LULS:
Envimamesal Protection Agency (EFA) as “an enogrnous
agenl hat inberfenes with synthesin, secrebion, transport,
metibofizm, binding sction, or elimination of materl
il pesed - bstvrnee hesrmaones: that are presend in the body and are
responsihle for homesstais, reproduction, and develop-

“Today, mounting evidence is poinfing to the role of
environmental factors, specificaally EDCs, in the current
distressing upsurge in the incidence of thyroid disease.”
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Association between Several Persistent
Organic Pollutants and Thyroid Hormone
Levels in Cord Blood Serum and Bloodspot of
the Newborn Infants of Korea

Sunmi Kim' Jmplthi“fh}-dm‘Kku Jeong Jae Les”, ﬁ-.-.mmzr‘
Soaran Chal®, qu}am Su Young Kim', Hya-Bang Meon", Sungkyoan Kim',

Kyungho Chai'*
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“our observation suppor’rs thyroid disrupting potential of
several POPs among newborn infants, at the levels
occurring in the general population. Considering the
importance of thyroid hormones during gestation and early
life stages, health implication of thyroid hormone effects by
low level POPs exposure deserves further follow up

_invesfigations.”
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RESEARCH ARTICLE

Association of In Utero Persistent Organic Pollutant
Exposure With Placental Thyroid Hormones

Zhong-Min L," David Hernandez- Mnrtrlo Kathanna M.artu Main,” . 1
Niels Erik 5hakkeh.n Hannu Kiiranza * Jarma: Toppar, LlIJa Feldt-Rasmissen,”
Hemng Shen,” Karl-Weener Schramm,'" and Merd De Angels'

" Hlf PR te Tart e MOAohsn-Garman Resssth Centen for Ereraremsil Sai, Mokoulit EX =
.:-HiFr_d 'mJ* arbarg. Gemmany: “School of Lite % TR WWehemisphan Butrton), Techrechs
Urevarsnat Wuednen, D-B53%4 Frssing, Garnarmg mganrw od Growth and Reprocucton, EDRaRT
Wguhoapiater, Linsmrity of Coperhsger, 407100 Coperhsgen, Denmanic *Nabonal imitituse for Health
ardd Wuifare, Deparimend of Heath Securdy, 5900 10 Kuspe, Friand; “ntinar of Somedons, Unremy
of Ty, F-FO5HY Turk, Fnlend: "Depariment of Peditne, T Urissraty Houpial F-20581 Twew
Fniand, "Departmant of Madcsl Endacringlogy PE, figshospitalet, Unserciny of Copenhagen, De-X100
Ceoerhagen, Denrnark; "oy Laboratory ol Lishan Frveanmmend and Hasith, insiiuie of Lrban Enviremmant,
Chintzn Adadery of Scences, Mamen 351028, China. and "Depariment e Bownaenichafiiche
Gnandagen, Technnoha Uriverndt Mischen, D-BS350 Frsaing, Gesmmany

in Wi Eapovuls 10 perEiitent organk polutant (POPS) can resalt in thyroad funclion daarder,
beaifing 1o candemns about thei impact an fetal snd neonstal develmpment, The saocabiom between = &
placental levels of varicas POPY and thyroid hormanes {THad wers investigeted. In a prospective =
Danth mldr rmhllh- ﬂtmllmd 1nt :ulnmq mﬂqlrdul ﬂ'jl'ﬂw\dllﬂlﬂl, Sﬂ plmu mnjﬂ-n 5

“These results revealed that POP exposures were

associated with TH levels in placenta, which may

be a possible mechanism for the impacts of POP

exposures on children's growth and development.

This study provides new insight into the complexity
of ’rhyr0|d d|srup’r|ng properhes of POPs
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Calibrating UAV-Based Thermal Remote-Sensing Images of
Crops with Temperature Controlled References

Xlongzhe Han", J. Alex Thomasson', Jeffrey Siegfried’, Rahu! Raman®,
Nithya Rajan’, Haly Neely®

"Department of Biotogical and Agricultural Engineering, Texas ARM University, College Station, Texas,
TTE4, United States

‘Depurement of Soil and Crop Sciences, Texas A&EM University, College Station, Texas, 7784, United States

‘Written for presenintion at the
2019 ASABE Annual International Meeting
Sponsered by ASABE
Boston, Massachusetts
July 7-10, 2019

Amstiact, Thermal remote sensing for the messorensent of soil and crop surface fewperateres has potential for
various spplications incloding the moniteding of crop siresses (like diseases and lack of woil meiviure] and the
planning of irrigation and harvesting. The use of unmanncd serisl vehickes (UAV) te scquire highly scourste thermsl
Image dats requires integration with (hermal references on the ground. The primary abjective of this paper was tn
demonstrate that it is possible to combing thermal remote sensing with UAY and tempersiure conirolled gromnd
references for calibrated crop tempeorsture messgrements. The references used for calibration of thermal images
were fwa &l cm syuare alominam panels = ane equipped with an iniegrated hesting contralles; thermal sensors, and
thermacicirk madubes to serve 53 8 bigh-temperature reference, nd the sther cquipped with an integrated conlisg
comirolles, ihermal sensors, and coolers lo sorve 5 8 lew-temperatare reference. To demansirate the Goasbbility of
using the calibration references in thermal images, three groups with three 61 em square coler tiles (Nght gray,
medium groy, and dark gray) weee disiribuicd an ihe groasd i dilfereni illied soagles i degrees, 22 degrees, s 50
whegrees) to consider the offect that varistions in orep emperatione kave oo stem of leal beading. Correlations belween
UAV-based thermal mage estimates and groond ireth were strong (R=0.98) oo both un-calibration aad calibration
procedures. I ks elear thal a thermal calibration melhod based on ground tomperstare contrulled referencn to

“Taken together, these findings suggest that POP
exposure can disrupt thyroid hormone homeostasis
and increase the risk of thyroid disease.”
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Research

Persistent Organic Pollutants and the Association with Maternal and Infant
Thyroid Homeostasis: A Multipollutant Assessment

Wivlan Em‘ ! Tharese Hau l'\le N"l!. ! Rolf Dagfinn Pettersen,® Solrunn Mansen,” Anna-Sofis Veyha,”
RAolf Jorde, Jon Dywvind Odland, ™ and Torkjel Mannin [Slrld.lrl-glru
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“The present results sugges’r ’rhcu’r bockground
exposures to POPs can alter maternal thyroid
homeostasis. This research contributes to the
understanding of multipollutant exposures using
multivariate statistical approaches and highlights
the complexity of investigating environmental
concentrations and mixtures in regard to maternal
ond mfcn’r Thyr0|d func’rlon
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Maternal body burdens of PCDD/Fs and @
PBDEs are associated with maternal serum

levels of thyroid hormones in early

pregnancy: a cross-sectional study

Sarna Lignelt”, Marie Aune’, Per Cfa Dinesud ', Mats Stidsbesg”, Annfa Hanibeng®, Susanra © Lamior”
and Anders Ghynn'

Abstract

Background: Thyroid harmones (TH reguiate. mary Beclogesl funcrons in the human body and ane essental for
mofrral beain divirlopment. Eptdemiokagical tudes hive oiserved deening asodlations betwesn halogenated
pertent orjared pollutin (POF expaiuse and concenbranions of THS in pregran wamen and ther mlanis We
Irrvesziganind winether hackground epoee 1o pohieormirated deohenyd sthe (PEOED iy pelated 1o TH smru v a
Swedich populition of mognent woemen and thelr infints Furthermode, we edimined smsocations betvoen
polyeniofmg dbens o Soun/dibonhican PCOO/TL) snd phlyehiolinates biphemnds (PO and TH ol
in sy, prignancy & an extenion of an sader wudy focuing on late pregnancy TH - staus

Marthods: e thyrosine (T4], rotsl enodo-thysonine (T3] and thymoid simoanong hormone (TSH) were sabsed n
sevurm Troen frst Bme modhees (e 220287 in the find ond Baivd trerestes, and in infanis (W= 115-150) 3 weekd and

B manbivd after chelrvery, Antitedios 1o thyiokd percedtdase Ganel-TRECH (N = 260 were st s rmatennal thrd
e s, Manernal body uiteny of PCBS (N = 281) weri extimated from ieunm ipkd PCB concentaiiond n e
pregrncy, and PCOCVE (V= 97 and FROE (W » 186] body burdier veere estimated fren concenbration in mother's:
il 1 wnils aftey Solary. Linear regimson madels aboved Tor covarate adivsiment of the asadlanions
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Ecotoxicalogy and Public Haalth

Persistent Organic Pollutants in Human Breast Milk and
Associations with Maternal Thyrold Hormone Homeostasis
Zhong-Min Li, Michagl Albrecht, Hermann Frommae, Kaf-Wemer Schramm, and Mer De Angelis
Environ. Sci. Technal., Just Accepted Manuscripl - DOE 101021 /acu sl BR0E0ZA - Publcation Dale (Web): 21 Dec 3018
Downloaded from pubs.acs.org on Decamber 25, 2010

“Multipollutant analysis using principal component
analysis and hierarchical clustering revealed inverse
associations of PBDEs (BDE-28, -47, -99, -100, -154, -
183, and -197) with TT4 and TrT3. These results
indicate that POPs at low levels might be related to
reduced THs. This study shows that human breast
milk might be an appropriate specimen to evaluate
the thyroid disruption of POPs.”
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Association between thyroid function and setm:red organochlorine @cn-----
pesticides: Data from NHANES 2001-2002%
Ram B. Jain *
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Thyroad ghand is one of the Lugest endocrine glands in the human
by, Principal hormones by are trmodoethyTonine
(T3) and thyroxine (T4d) According to a docurnemt by the American
Thymoid Association (hibp. dhyroid.ongwp-conrent upload s paton e/
Wrachnates TAM  beoc e padf), thysoal hoarmono help the body use
EPRETEY. My warm, and krep e Bradn, hoarm, mascles, and oiher organs
wrorking a they should Thess twe hormmannes, T3 and T4, regulate the
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rate of metabobism. Tyrosines and lodine are Do principal “raw
materials® meorssary to synthesize T3 and T4 (hitpl/fewesd vive
colouate eduihboockopathphys/endocrine Ahyrokdbaynthesis heml )

Thus, inadequate lodine uptake may perturh thymid homeostasis
which s maintained by a multi-loop leedback system calied the
hypothalamic-pituirary-thyroid ais. There are many factors thas
afiect thyroid homedstais A the bocal level [ Konture)k and Barcoymidd,
DN2 . atyroud Bosmkeoatass b afiected by growth stimdstons loe epidees-
rmal prowth fector, transforming growth fsctor aipha, inzulin growth
Factons, fibiobrlasy growth faciods. hepatodyte giowih faciod, platelet-
derived growth factor, and ransforming growsh Cacoor bera in a reviess
article, Miller ot al {2000) have identified 8 dasses of chemical that can
AR Uy TR Pomed it atis. Thete inclids woling TREneT chsmacals
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Ecotoxicology and Human Emvironmental Health

lodoacetic acid disrupts the thyrold endocrine system /n vitro and in vivo

Ying Xia. Yan Mo, Qiyuan Yang, Yang Yu, Meiyu Jiang, Shumao Wi, Du
Lu, Huan Wu, Guodong Lu, Yunfeng Zou, Zhiyong Zhang. and Xiao Wi
Enviien, Sl Technol, Just Acceplsd Manuacript - DOI: 10,1021 /scs ast Bb01R02 + Publication Dade (Wab), 28 May 2018
Downlcaded from hitp Vpubs.sce.ong on May 39, 2018

“IAA exposure decreased T3 levels but increased
the weights of hypothalamus and the levels of
thyrotropin releasing hormone and thyrotropin. In
addition, IAA induced the formation of smaller
and more depleted follicles or even vacuolization
iIn the thyroid. These results suggested that IAA
potentially disrupts the thyroid endocrine system
both in vitfro and in vivo.”

" 4 ACS Publications
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Chranic PFOS Exposure Disrupts Thyroid Structure and Function
in Zebrafish

Jiangfei Chen' - Lidan Zhang ' - Linjle Tian' - Nengzhuang Wang' - Lel Lei' - Yanbo Wang” - Qlacxdang Dong' -
Changiiang Huang' - Dongren Yang'

Beceiwed. 1T Felaway B J Accepied 1T May 1018
O Sprages Sisenges Bussen Madu, LU pant of Spenges Mt 2008

Albstract

Ferfloorooctane sulfonsc sod (PFOS), as a p | emdocring plng ia wadely delecied in the emaronmesa,
wildlife and hunen, Corrently few stodizs bave documented the eflects of chronic FROS exposure on thyrosd in sgquatic
urganisms and the underlying mechanizma are largely snknown. The presen study sssessed the effect of deromic PFOS
EAPOAITE O thyraoid strecimre sod fusiction using sebrafivh model Zebrafish st 8 h post fertilization (hpf) were exposed o
PFOS {250 g unad 120 4 Pml:is'hl:uuum{dpﬂ. Thyroed bormosse (T, a2 T, beved, thyroid m:rphlh:-_vmul tryroed [uec-
i related peas expressian wers evalusied in zehralish o1 120 dpd. Our fadings demonstruted that chromic PROS exposes
alieod thyeeid hermoss level, ityroid fullicular cell urnsciure and thytoid bormoens related pene epression, suggesting the
valsdity of rebrafink as an alternative mode] for PIOS chromic wacity screening.

Keywonds Zebrafish - PFOS - Thymid heensone - Thyroid morphology - Oene expression

“Our findings demonstrated that chronic PFOS exposure
altered thyroid hormone level, thyroid folicular cell structure
and thyroid hormone related gene expression, suggesting
the validity of zebrafish as na alternative model for PFOS

hronic toxicit ing.”
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“Exposure to genotoxic environmental
chemicals is a risk factor for breast
cancer."
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Steroids. 2014 Aug 26, pi. S0029-128X(14)00196-2. doiz 10.1016/ steroids.2014.08.003. [Epub ahead of print]
Estrogen metabolites and breast cancer.
Santen RJ', Yue W2, Wang JP?

i#) Author information

Abstract

Epidemiologic studies link several factors related fo estrogen production in women to an increased risk of breast cancer. These include earty
menarche, late menopause, obesity, use of post-menopausal hormone therapy, and plasma estradiol levels. Two possible mechanisms have
been proposed to explain the increased risk: (1) estrogen recepior (ER) mediated stimulation of breast cell profiferation with a concomitant
enhanced rate of mutations and {2) metabolism of estradiol to genotoxic metaboliies with a resulfing increase in DNA mutations. The metabolism
of estradiol can cause DNA damage in two ways: (a) formation of estradiol-adenine - guanine adducts which are released from the DNA backbone
leaving depurinated sites which undergo error prone DNA repair and mutations and (b) generation of oxygen free radicals resulting from redox
cycling of 4-OH estradiol to the 3-4 estradiol quinone and back conversion to 4-0OH estradiol. If one or both pathways are operative, sufficient
numbers of mutations accumulate over a long period of time to induce neoplastic transformation. Our studies are based on the hypothesis that
both receptor-mediated and genotoxic pathways contribute to breast cancer. We initially demonstrated that MCF-7 breast cancer cells and normal
breast tissue in aromatase transfected mice contain the enzymes necessary to convert estradiol o the estradiol DNA adducts. We then utilized a
highly reductionist model to separately analyze the effect of esfrogen receptor alpha (ER) on tumor formation and the effects of estrogen

E;Efjjj‘;{[i:% ...this data supports the role of estradiol [==

oz metalbolism as one of the components in pioee

reeneol the development of experimental breast oo ™

SN cancer.
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Enviran Int. 2016 Dec 28. pii: S0160-4120{16)30449-4. doi: 101016 .envint. 2096.12.010. [Epub ahead of print]

Environmental impact of estrogens on human, animal and plant life: A critical review.
Ades| M". Song }(2. Wang Yz. Francis Dg. Yana Y‘?.

# Author information

Abstract

BACKGROUND: Since the inception of global industrialization, steroidal estrogens have become an emerging and serious concem.
Worldwide, steroid estrogens including estrone, estradiol and estriol, pose serious threats to soil, plants, water rescurces and humans.
Indeed, estrogens have gained notable attention in recent years, due to their rapidly increasing concentrations in soil and water all over the
world. Concern has been expressed regarding the entry of estrogens into the human food chain which in turn relates to how plants take up
and metabolism estrogens.

OBJECTIVES: In this review we explore the environmental fate of estrogens highlighting their release through effluent sources, their uptake,
partitioning and physiological effects in the ecological system. We draw attention to the potential risk of intensive modern agriculture and
waste disposal systems on estrogen release and their effects on human health. We also highlight their uptake and metabolism in plants.

METHODS: We use MEDLINE and other search data bases for estrogens in the environment from 2005 to the present, with the majority of
our sources spanning the past five years. Published acceptable daily intake of estrogens (pg/L) and predicted no effect concentrations (pg/L)
are listed from published sources and used as thresholds to discuss reported levels of estrogens in the aguatic and terrestrial environments.
Global levels of estrogens from river sources and from Waste Water Treatment Facilities have been mapped, together with transport
pathways of estrogens in plants.

RESULTS: Estrogens at polluting levels have been detected at sites close to waste water treatment facilities and in groundwater at various
sites globally. Estrogens at pollutant levels have been linked with breast cancer in women and prostate cancer in men. Estrogens also perturb
fish physiclogy and can affect reproductive development in both domestic and wild animals. Treatment of plants with stercid estrogen
hormones or their precursors can affect root and shoot development, flowering and germination, However, estrogens can ameliorate the
effects 1

o THere is published evidence to establish a

s Ccausal relationship between estrogens in the L@,

environ

s environment and breast cancer.” ® ,.

Copyright © 2016 The Authors. Published by Elsevier Ltd.. All rights reserved. ‘




Carcinogenesis. 2001 Jun;22(6):905-11.

Analysis of potential biomarkers of estrogen-initiated cancer in the urine of Syrian golden
hamsters treated with 4-hydroxyestradiol.

Todorovic R1_, Devanesan P, Higginbotham S, Zhao J, Gross ML, Rogan EG, Cavalieri EL.

4 Author information

Abstract

Estrone (E1) and 17beta-estradiol (E2) are metabolized to catechol estrogens (CE), which may be oxidized to semiguinones
and quinones (CE-Q). CE-Q can react with glutathione (GSH) and DNA, or be reduced to CE. In particular, CE-3,4-Q react
with DNA to form depurinating adducts (N7Gua and N3Ade), which are cleaved from DNA fo leave behind apurinic sites. We
report the determination of 22 estrogen metabolites, conjugates and adducts in the urine of male Syrian golden hamsters
treated with 4-hydroxyestradiol (4-OHE2). After initial purification, urine samples were analyzed by HPLC with multichannel
electrochemical detection and by capillary HPLC/tandem mass spectrometry. 4-Hydroxyesirogen-2-cysteine [4-OHE1(E2)-
2-Cys] and N-acetylcysteine [4-OHE1(E2)-2-NAcCys] conjugates, as well as the methoxy CE, were identified and quantified
by HPLC, whereas the 4-OHE1(E2)-1-N7Gua depurinating adducts and 4-OHE1(E2)-2-5G conjugates could only be

These results provide strong evidence that exposure to 4-
OHET(E2) leads to the formation of DNA adducts. This process is a
putative tumor initiating event.

The estrogen metabolites, conjugates and adducts can be used
as biomarkers for detecting susceptibility fo estrogen-induced
cancer.
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; Ann N Y Acad Sci. 2006 Nov;1089:286-301. \

Catechol quinones of estrogens in the initiation of breast, prostate, and other human
cancers: keynote lecture.

Cavalieri E*_. Rogan E.

i+ Author information

Abstract
Estrogens can be converied to electrophilic metabolites, particularly the catechol estrogen-3 4-quinones, estrone{estradiol)-

3. 4-quinone [E(1)(E(2))-3,4-Q], which react with DNA to form depurinating adducts. These adducts are released from DNA to
generate apurinic sites. Error-prone repair of this damage leads to the mutations that initiate breast, prostate, and other types
of cancer. The reaction of E(1)(E(2))-3,4-Q with DNA forms the depurinating adducts 4-hydroxyE(1)(E(2))-1-N3adenine
[4-OHE(1)(E(2))-1-N3Ade] and 4-OHE(1)(E(2))-1-N7guanine(Gua). These two adducts constitute »99% of the total DNA

A indn Farmmmd Tha CHAVWTWN O T T Farmmn mrmnnll o amamiimbn af dlhn Ascmarmim e Fimm O ALIC AN IO 2 BRI A AA AdAdiindan Dhamadiae

"The depurinating adducts that migrate from cells and can be found in
body fluids can also serve as biomarkers of cancer risk.

In fact, a higher level of estrogen-DNA adducts has been found in the
urine of men with prostate cancer and in women with breast cancer
compared to healthy controls.

This unifying mechanism of the origin of cancer and other diseases N N
suggests preventive strategies based on the level of depurinating DNA ! ,.
adducts that generate the first critical step in the initiation of diseases”. @




Biochim Biophys Acta. 2006 Aug;1766(1):63-78. Epulb 2006 Apr 19

Catechol estrogen quinones as initiators of breast and other human cancers: implications for biomarkers of
susceptibility and cancer prevention.

Cavalieri E', Chakravarti D, Guttenplan J, Hart E, Ingle J. Jankowiak R. Muti P, Rogan E. Russo J, Santen R, Sutter T

+! Author information

Abstract

Exposure to estrogens is associated with increased risk of breast and other types of human cancer. Estrogens are converied to metabolites.
particularly the catechol estrogen-3 4-quinones (CE-3.4-Q), that can react with DNA to form depurinating adducts. These adducts are released
from DNA to generate apurinic sites. Error-prone base excision repair of this damage may lead to the mutations that can initiate breast, prostate
and other types of cancer. The reaction of CE-3,.4-Q with DNA forms the depurinating adducts 4-hydroxyestrone(estradiol) [4-OHE1(E2)}-1-N3Ade
and 4-OHE1(E2)-1-N7Gua These two adducts constitute more than 89% of the total DNA adducts formed. Increased levels of these quinones

and thoir roactinn with DIKMA ~ecnresnhon actronon motahalicom ic nnhalanrad Cuoech on imbhalaonco ic tho rocnlt of svorovnroocinm of octronon

“In summary, this evidence strongly indicates that estrogens
can become endogenous tumor initiators when CE-3,4-Q
react with DNA to form specific depurinating adducts”.

“Initiated cells may be promoted by a number of
processes.... including hormone receptor stimulated
proliferation. These results lay the groundwork for assessing
risk and preventing disease.”

depurinating adducts. Initiated cells may be promoted by a number of processes, including hormone receptor stimulated proliferation. These
results lay the groundwork for assessing risk and preventing disease




Int J Environ Res Public Health. 2012 Aug:9(8):2694-714. doi: 10.3390/ijerph9082694, Epub 2012 Jul 31. \

Non-genomic effects of xenoestrogen mixtures.
Vifias R, Jeng YJ, Watson CS.

=1 Author information

1Depar‘tmen‘[ of Biochemistry and Molecular Biology, University of Texas Medical Branch, Galveston,
TX 77333, USA. revinas@utmb.edu

Abstract
Xenoestrogens (XEs) are chemicals derived from a variety of natural and anthropogenic sources that

can interfere with endogenous estrogens by either mimicking or blocking their responses via
non-genomic and/or genomic signaling mechanisms. Disruption of estrogens' actions through the
less-studied non-genomic pathway can alter such functional end points as cell proliferation, peptide

Xenoestrogens (XEs) are chemicals derived from a variety of
natural and anthropogenic sources that can interfere with
endogenous estrogens by either mimicking or blocking their
responses via non-genomic and/or genomic signaling
mechanismes.

work should focus on carefully studying individual and mixture components across a range of
_concentrations and cellular pathways in a variety of tissue types.
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J Steroid Biochem Mol Biol. 2011 Oct;127(1-2):44-50. doi: 10.1016/)jsbmb.2011.01.015. Epub 2011 Feb 12

Endocrine disruption via estrogen receptors that participate in nongenomic signaling
pathways.

Waison CS1, Jeng YJ, Guplarak J.

'+ Author information

Abstract
When inappropriate (non-physiologic) estrogens affect organisms at critical times of estrogen sensitivity, disruption of normal

endocrine functions can result. Non-physiologic estrogen mimetics (environmental, dietary, and pharmaceutical) can signal
rapidly and potently via the membrane versions of estrogen receptors, as can physiologic estrogens. Both physiologic and
non-physiologic estrogens activate multiple signaling pathways, leading to altered cellular funchions (e.g. peptide release, cell
proliferation or death, transport). Xenoestrogens' mimicry of physiologic estrogens Is imperfect. When superimposed,
xenoestrogens can alter endogenous estrogens' signaling and thereby disrupt normal signaling pathways, leading fo
malfunctions in many fissue types. Though these xenoestrogen actions occur rapidly via nongenomic signaling pathways,

thow ran he cuctamnad with rantinuinn linand chimilatinn  rambinatinng of inands  and cinnalinn that nernctuates Anwnstroam

Xenoestrogens can alter endogenous estrogens’
signaling and thereby disrupt normal signaling
pathways, leading to malfunctions in many fissue

types.
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Combinations of Physiclegic Estrogens with Xenoestrogens Alter ERK
Phosphorylation Profiles in Rat Pituitary Cells

Yow-tiun Jeng and Cheryl 8. Watson

Author mformation # Arficle notes = Copyngnt =nd License informabon

Thiz articiz has been pitsd by other articles in PUC

Abstract Go oM
Background Estrozens are potent nongenomic phospho-activators of extracellular-signal—regulated

kinases (ERKs). A major concem about the toxcity of xenoestrogens (XEs) is potential alteration of
responses to physiologic estrogens when XEs are present simultaneously.

Objectives We examined estrogen-nduced ERK activation, companng the abilities of structuralhy
related XEs (allviphenols and bisphenol A) to alter ERK responses induced by physiologic
concentrations {1 nh} of estradiol (E;}, estrone (E1). and estnol (E3).

Methods We quantified hormone/'mimetic-induced ERK phosphorylations in the GH3 B&F10 rat
pituitary cell line using a plate immunoassay, comparing effects with those on cell proliferation and by

estrogen receptor subtype-selective ligands.

Results Alone, these structurally related XEs activate ERKs in an oscillating temporal pattem stmilar
{but not identical) to that with physiologic estrogens. The potency of all estrogens was similar (active
between femtomolar and nanomolar concentrations). XEs potently disrupted physiologic estrogen

Xenoestrogens are both imperfect potent estrogens
and endocrine disruptors; the more efficacious a XE, the
more it disrupts actions of physiologic estrogens.

o-®.
o

" particular estrogens are mportant (e.z., development, reproductive cycling, pregnancy, menopause).
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75550645

iduasnuep Joyiny Yd-HIN

Abstract

Studies of the nuclear ransenplional regulatory sctivities efnonphysiologicd etrogens have not
explaned ther actions in mediating endocnne disrphon i animals and humane 2 the low
concentrahions widespread in the snvironment However, sencestrogens have rarely been tested for
therr ability to participate 1o the plethora ofnongenomuc sterord s gnaling pathways elucidated over
the last several years Hers we rewiew what 13 known about such responsesin comparison to our
recent emdence tha wenoestrogens can rapidly and potently shat signaling through nongenonue
pathways culminating i funchonal endpoints, Both estradiol (E) and compounds representing

varinns flassee nf vengestroeens (disthelehlhectrnl conmestral hmhensl & DDFE. nanvlshenn!

Xenoes’rrogens can rapidly and potently elicit
signaling through nongenomic pathways culminating
in functional endpom’rs

d-HIN
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EStrOEEnIC or muﬁuagmc pultnua! of thifrenstypesof umcs:mgms and-halp us to develop
strategies for preventing xenoestrogenic disruption of estrogen achon 1n many tisues
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Xenoestrogens are potent activators of nongenomic estrogenic

responses
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Abstract
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Many xenoestrogens orlglnally deemed
"‘weak" appear to be potent via some nongenomic
signaling pathways, and could conftribute to these
compounds’ ability fo disrup’r endocrine functions.
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Di-(2-ethylhexyl) phthalate and bisphenol A exposure impairs mouse primordial follicle
assembly in vitro.

Zhang T1, LiL, Qin X8, ZhouY, Zhang XF, Wang LQ, De Felici M, Chen H, Qin G0, Shen W.

= Author information

1Laburatury of Germ Cell Biology, Key Laboratory of Animal Reproduction and Germplasm Enhancement in Universities of
Shandong, College of Animal Science and Technology, Qingdao Agricultural University, Qingdao, China.

Abstract

Bisphenol-A (BPA) and diethylhexyl phthalate (DEHP) are estrogenic compounds widely used in commercial plastic products.
Previous studies have shown that exposure to such compounds have adverse effects on various aspeets of mammalian
reproduction including folliculogenesis. The objective of this study was to examine the effects of BPA and DEHP exposure on
primordial follicle formation. We found that germ cell nest breakdown and primordial follicle assembly were significantly
reduced when newborn mouse ovaries were exposed fo 10 ar 100 uM BPA and DEHP in vifro. Moreover. BPA and DEHP

“Finally, folliculogenesis was severely impaired in BPA and
DEHP exposed ovaries after transplantation intfo the kidney
capsules of iImmunodeficient mice.

In conclusion, BPA and DEHP exposures impair mouse
orimordial follicle assemblv in vitro.”
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Is bisphenol A a weak carcinogen like the natural estrogens and diethylstilbestrol?
Cavalieri EL", Rogan EG.

= Author information

1Eppley Institute for Research in Cancer and Allied Diseases, University of Nebraska Medical Center, Omaha, NE
68198-6805, USA. ecavalie@unmc edu

Abstract

Bisphenol A (BPA) displays weak estrogenic properties and could be a weak carcinogen by a mechanism similar to that of
estrone (E(1)), estradiol (E(2)) and the synthetic estrogen diethyisiilbestrol, a human carcinogen. A wide variety of scienfific
evidence supports the hypothesis that certain estrogen metabolites, predominantly catechol estrogen-3,4-quinones, react with

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

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

Thus, exposure to BPA could increase the risk of developing cancer by direct

78 and/or indirect mechanisms'.
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Effects of bisphenol A and triclocarban on brain-specific expression of aromatase in early
zebrafish embryos.

hung ET, Gence MC, Megrelis L, Ruderman JV.

# Author information

Abstract

Estrogen regulates numerous developmental and physiological processes. Most effects are mediated by estrogen receplors
(ERs), which function as ligand-regulated transcription factors. Estrogen also regulates the activity of GPR30, a membrane-
associated G protein-coupled receptor. Many different types of environmental contaminanis can activate ERs; some can bind
GPR30 as well. There is growing concern that exposure to some of these compounds, termed xenoestrogens, is interfering
with the behawvior and reproductive potential of numerous wildlife species, as well as affecting human health. Here, we
investigated how two common, environmentally pervasive chemicals affect the in vivo expression of a known estrogen target
gene In the brain of developing zebrafish embryos, aromatase AroB, which converts androgens to estrogens. We confirm
that, like estrogen, the well-studied xenoestrogen bisphenol A (BPA, a plastics monomer), induces strong brain-specific
overexpression of aromatase. Experiments using ER- and GPR30-selective modulators argue that this induction is largely
through nuclear ERs. BPA induces dramatic overexpression of AroB RNA in the same subregions of the developing brain as
estmgen The antibacterial tnc!ncarban (T CC} by itself stlmuEales AmB expression only slightly, but TCC strongly enhances

- Al 4 T - A ndle TINVA e = TN L = =

Both BPA and TCC hove ’rhe potential ’ro eleva’re
levels of aromatase and thereby, levels of
endogenous estrogens in the developing brain.




PLoS One. 2014 Feb 20:9(2)e88961. doi: 10.1371/journal. pone 0088961. eCollection 2014.

Xenoestrogens alter estrogen receptor (ER) a intracellular levels.
La Rosa P, Pellegrini M, Totta P, Acconcia F, Marino M.

# Author information

Abstract

17B-estradiol (E2)-dependent estrogen receptor (ER) a intracellular concentration is a well recognized
critical step in the pleiotropic effects elicited by E2 in several target tissues. Beside E2, a class of
synthetic and plant-derived chemicals collectively named endocrine disruptors (EDs) or xenoestrogens
bind to and modify both nuclear and extra-nuclear ERa activities. However, at the present no information
is available on the ability of EDs to hamper ERa intracellular concentration. Here, the effects of
bisphenol A (BPA) and naringenin (Nar), prototypes of synthetic and plant-derived ERa ligands, have

- — — -

“These data demonstrate that ERa infracellular
concentration is an important target through which EDs
hamper the hormonal milieu of E2 target cells driving
cells to different outcomes or mimicking E2 even in the
absence of the hormone”.

important target through which EDs hamper the hormonal milieu of E2 target cells driving cells to
different outcomes or mimicking E2 even in the absence of the hormone.
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The pancreatic beta-cell as a target of estrogens and xenoestrogens:
Implications for blood glucose homeostasis and diabetes.

Nadal A1, Alonso-Magdalena P, Soriano S, Quesada |, Ropero AB.

) Author information

Abstract

The estrogen receptor ERalpha is emerging as a key molecule involved in glucose and lipid
metabolism. The main functions of pancreatic beta-cells are the biosynthesis and release of insulin, the
only hormone that can directly decrease blood glucose levels. Estrogen receptors ERalpha and ERbeta
exist in beta-cells. The role of ERbeta is still unknown, yet ERalpha plays an important role in the
regulation of insulin biosynthesis, insulin secretion and beta-cell survival. Activation of ERalpha by

“If ER alpha is over stimulated by an excess of E2 or the action
of an environmental estrogen such as BPA, it will produce an
excessive insulin signaling.”

excess of E2 or the action of an environmental estrogen such as BPA, it will produce an excessive .‘
insulin signaling. This may provoke insulin resistance in the liver and muscle, as well as beta-cell " .
81 exhaustion and therefore, it may contribute to the development of type |l diabetes. *‘ ¥
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"The most common po’rhwoy of COHJUQOTIOH of 4-OHE1(E2) in extrahepatic tissues
occurs by O-methylation, which is catalyzed by the ubiguitous catechol-O-
methyltransferase (COMT).

This inactivating pathway is in competition with the activation of CE to
semiquinones and quinones.....The quinones can be inactivated by formation of
glutathione (GSH) conjugates and/or by reduction to CE by quinone reductase.

If, however, these two processes are insufficient, the CE-3,4-quinones can react
with DNA to form depurinating adducts (4-OHE1(E2)-1-N3Ade and 4-OHE1(E2)-1-
82 N7Gua).”
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ESTROGEN METABOLISM

Pregnenolone ———>17-OH-Pregnenolone —* DHEA > Androstenediol

|

Progesterone ———>17-OH-Progesterone —> Androstenedione <+«——> Testosterone

v

Corticosterone

v
Aldosterone

(Mineralo-
corticoids)

\4

Cortisol «—> Cortisone

(Glucocorticoids)

(Androgens)

rone (E1) «— Estradiol (E2

N\

2-OHE1 — 2-MeOE1

16a-OHE1 — Estriol (E3)

A

4-OHE1 — > 4-MeOE1

4

(Estrogens)




THE METABOLISM
OF ESTROGEN

» Unused Estrogen is primarily metabolized in the liver via
Phase | and/or Phase Il detoxification:

Phase |
* Major Pathway
« Hydroxylation

 Phase |l

o Glucuronidation
« Sulfation
* Methylation
« Acetylation
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TWO MAJOR PATHWAYS
OF DETOXIFICATION

Fat Solubl Water-
at Soluble
B —) Soluble
Compound
Phase | Phase Il
Hydroxylation Reactions Conjugation Reactions
Cytochrome P450 enzymes
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R Phase 1 Detoxification
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(pro-carcinogenic)
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SINGLE NUCLEOTIDE
POLYMORPHISM (SNP)
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2-HYDROXYESTRONE
(2-OHE1)

“2-OHETmetabolite has very little estrogen receptor binding
affinity, and has been shown to decrease cell proliferation by
20 to 30% in cultured breast cancer cell lines.”

5
Taioli et al. Comparison of estrogens and estrogen metabolites in human breast tissue and urine. Reproductive Biology and Endocrinology. 2010, 8:93. ‘
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16A-HYDROXYESTRONE
(16A-OHE1)

« Strong estrogenic activity
« Turns on esfrogen receptor

« Greater likelihood of estfrogen-dependent conditions
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CYTOCHROME P450 1B1
(CYP1B1)

» Polymorphism is associated with FASTER enzyme activity

* Increased production of 4-OH-estrogens and other potentially
carcinogenic compounds

» Tendency for lower 2:16a0OH-estrone

» Increased risk of breast cancer, especially if xenobiotic
exposure (e.g., PAHs), high BMI, equine estrogens, coexisting
CYPTAT1 SNP

(Han W 2004, Saintot M 2004, Kocabas NA 2002, Rylander-Rudqvist 2003) ‘
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HROME P450 1B1
(CYP1B1)

CYTOC

“CYPI1B1, which has specific estrogen-4-hydroxylase activity,
IS present in fissues such as uterus, breast, ovary, and
prostate, which often give rise to hormone-responsive

cancers”

J Steroid Biochem Mol Biol 2003;86:477-86
Short Review of Pathophysiology of Catechol Estrogen. Pak J Physiol 2010;6(2)




4-HYDROXYESTRONE
(4-OHE1)

* Very potent

* If not iInactivated by COMT, 4-OHE1 can be oxidized to
guinones compounds =2 DNA adduct formation in
tissues such as breast

* Increased 4-hydroxylation of estrogen in uterine
fibroids (Reddy VV 1981)

* Link between CYP1B1 SNP (increased 4-OH-estrogen
production) and prostate CA (rang vm 2000) o
‘ar &
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X
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Estrone (E1) \ %
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Conjugated Equine

Estrogens
4-OHE1
CEEs are preferentially (pro-carcinogenic)
4-hydroxylated.
(Chang M 1998)
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ENDOCRINE DISRUPTORS

nvironmental xenobiotics act as “endocrine disruptors” that modify
intercellular communication and function

* Chemicals commonly detected in people include DDT, Polychlorinated
biphenyls (PCB's), Bisphenol A, Polybrominated diphenyl ethers (PBDE's)

* May play role in cancer, obesity

* Changes in DNA methylation (epigenetic modification) which can
ultimately change ER activity

* Produce a higher ratio of the 4 and 16 hydroxylated estrogen derivatives
that are potentially more genotoxic by modifying members of the CYP450
enzyme family |

Latini et al., M n -Reviews in Medicinal Chemistry, 2010, 10, 846-855

97 1
2. Soto, A. M. & Sonnenschein, C. Nat. Rev. Endocrinol. 6, 363-370 (2010); published online 25 May 2010; doi:10.1038/nrendo.2010.87
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PHASE Il SUBSTRATE CLASSES

> Sulfation & Glucuronidation

» many drugs and xenobioftics (esp. phenolic compounds)
» many steroid hormones and the fat-soluble vitamins
> bile acids, bilirubin, some neurotransmitters

» Acetylation & Methylation

» many drugs and some xenobiofics (esp. metals/ minerals)
» many neurotransmitters

»Amino Acid Conjugation

» some drugs and xenobiotics (esp. aliphatic compounds)
> fatty acids and bile acids

» Glutathione Conjugation
> few drugs but many xenobiotics (esp. toxic metals)
100 » small carbon molecules, prostaglandins, and lipid peroxides




ROLE OF
METHYLATION

« 2-OHET1 is only protective against cancer when methylated by
catechol-O-methyltransferase (COMT)

« 2-methoxy-estrogens are being researched for therapeutic use
in breast cancer and CV disease

« 4-OHET1 Is less likely to oxidize to carcinogenic compounds if
neutralized by COMT

« 2-MeQOE1:2-OHE1 and 4-MeOE1:4-OE]1 ratios in urine provide a
gauge of methylation capacity in a given patient

o
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Int J Cancer. 2018 Sep 5. doi: 10.1002/jc.31851. [Epub ahead of print]

Estrogen metabolism in menopausal hormone users in the Women's Health Initiative
Observational Study: Does it differ between estrogen plus progestin and estrogen alone?

Falk RT', Manson JE2, Bamabel VM3, Anderson GL*, Brinton LA', Rohan TES, Cauley JA®, Chen C*, Cobum SB8', Pfeiffer RM', Reding KW7, Sarto GE®,
Wentzensen N', Chiebowski RT?, Xu X', Trabert B',

+ Author information

Abstract

The WHI found an unexpected reduced breast cancer risk in women using CEE alone. We hypothesized CEE alone induces estrogen
hydroxylation along the 2-pathway rather than the competing 16-pathway, a pattern linked to reduced postmenopausal breast cancer
risk. 1864 women in a WHIOS case-control study of estrogen metabolism and ovarian and endometrial cancer were studied of whom
609 were current E+P users (351 used CEE+MPA), while 272 used E alone (162 used CEE). Fifteen EM were measured, and analyses
conducted for each metabolite, hydroxylation pathway (2-, 4-, or 16-pathway), and ratios of pathway concentrations using inverse
probability weighted linear regression. Compared to E+P users, all EM were higher in E alone users (significant for unconjugated
estrone, total/conjugated estradiol, total/unconjugated 2-methoxyestrone, 4-methoxyestrone and unconjugated estriol). The relative
concentrations of 2- and 4-pathway EM did not differ between the MHT users (2-pathway EM comprised 15% and 4-pathway EM <2% of
the total), but 16-pathway EM were lower in E alone users (p=0.036). Ratios of 2- and 4-pathway EM compared to 16-pathway EM were
significantly higher in E alone compared to E+P users. Similar but not significant patterns were observed in CEE-alone and CEE+MPA
users. Our data suggest that compared to E+P users, women using E alone have more extensive metabolism via the 2- versus the
competina 16-pathwav. This is consistent with enidemioloaic evidence of reduced postmenopausal breast cancer risk associated with

Compared to E+P users, women using E alone have more
extensive metabolism via the 2-versus the competing the
16-pathway...and may provide a clue to breast cancer ."*.
reduction in the CEE alone users in the WHI. *‘ ¢




Cancer Epidemiol Biomarkers Prev. 2018 Oct:27(10): 1208-1213. doi: 10.1158/1055-8865 EPI-18-0135. Epub 2018 Jul 26.

Estrogen Metabolism in Postmenopausal Women Exposed /n Utero to Diethylstilbestrol.

Troisi R', Hatch EE2, Palmer JR®, Titus L%, Sampson JN®, Xu X&, Hoover RNS.

+ Author information

Abstract
Background: Prenatal diethyistilbestrol (DES) exposure is associated with adverse reproductive outcomes and cancer of the breast and

vagina/cervix in adult women. DES effects on estrogen metabolism have been hypothesized, but reproductive hormone concentrations
and metabolic pathways have not been comprehensively described.Methods: Blood samples were provided by 60 postmenopausal
women (40 exposed and 20 unexposed) who were participants in the NCI Combined DES Cohort Study, had never used hormone
supplements or been diagnosed with cancer, had responded to the most recent cohort study questionnaire, and lived within driving
distance of Boston University Medical School (Boston, MA). Parent estrogens and their metabolites were measured by high-
performance liquid chromatography-tandem mass spectrometry. Age-adjusted percent changes in geometric means and associated

"These preliminary data suggest that postmenopausal women who
were prenatally DES exposed may have relatively less 2 than 16
pathway estrogen metabolism compared with unexposed women.
Impact: Lower 2 pathway metabolism has been associated with
increased postmenopausal breast cancer risk and could potentially
offer a partial explanation for the modest increased risk observed for
prenatally DES-exposed women.”
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Research Article

Circulating Estrogen Metabolites and Risk of Breast Cancer
in Postmenopausal Women

Alan A Arstan' % Karen L. Koenig”™, Per Lenner”, Yelena Afanasyeva®, Roy E. Shore®, Yu Chen™>4,
Eva Lundin®, Paclo Tonlolo™*, Géran Hallmans’, and Anne Zeleniuch-Jacquotte® ™=

Abstract

Background: It has been hypothesized that predominance of the 2-hydroxylation estrogen metabolism
pathway over the l6a-hydroxylation pathway may be inversely associated with breast cancer risk.

Methods: We examined the associations of invasive breast cancer risk with creulating 2-hydroxyestrone (2-
OHED, 16a-hydroxyestrone (16a-OHE1D), and the 2-0OHE1L:16a-OHE] ratio in a case-control study of post-
menopausal women nested within two prospective cohorts: the New York Undversity Women's Health Stoudy
(NYUWEHS) and the Northern Swoeden Mammary Screendng Cohort (INSMSC), with adjustment for circulating
levels of estrone, and additional analyses by tumor estrogen receptor (ER) status. Levels of 2-0HE] and 16a-
OHE] were measured using ESTRAMET 2/16 assay in stored serum or plasma samples from 499 incident
breast cancer cases and 499 controls, who were matched on cohort. age, and date of blood donation.

Results: Overall, no significant associations were observed between broast cancer risk and circulating levels
of 2-0HE], 16a-0OHE], or their ratio in cither cohort and in combined analyses. For 2-0HE], there was evidence
of heterogeneity by ER status in models adjusting for cstrone (P < 0.03), We observed a protective association of
2-0HE1 with ER+ breast cancer [multivariate-adjusted OR for a doubling of 2-0HE], 0.6F (95% confidence
interval [CI]L 0.48-094; P = 0,023].

Conclusions: In this study, higher levels of 2-0HE]1 were associated with reduced risk of ER-+ breast cancer
in postmenopausal women after adjustment for circulating estrone.

Immnact: Thess redanlls aunoeest thet iakine intn aocoont the leesls of marent sstvnasoens and FR sfalos ds

Higher levels of 2-OH estrone Is associated with
reduced risk of ER+ breast cancer. Perform estrogen
metabolites in breast cancer prevention.
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Endocr Relat Cancer. 2018 Jun;23(6:R249-65. doi: 10.1530/ERC-16-0118. Epub 2016 May 18,

In touch with your feminine side: how oestrogen metabolism impacts prostate cancer.
Rahman HP', Hofland J?, Foster PA®.

i# Author information

Abstract
Prostate cancer is the primary cancer in males, with increasing global incidence rates making this malignancy a significant healthcare burden.

Androgens not only promote normal prostate maturity but also influence the development and progression of prostate cancer. Intriguingly,
evidence now suggests endogenous and exogenous oestrogens, in the form of phytoestrogens, may be equally as relevant as androgens in
prostate cancer growth. The prostate gland has the molecular mechanisms, catalysed by steroid sulphatase (STS), to unconjugate and utilise
circulating oestrogens. Furthermore, prostate tissue also expresses enzymes essential for local oestrogen metabolism, including aromatase
(CYP19A1) and 3B- and 17B-hydroxysteroid dehydrogenases. Increased expression of these enzymes in malignant prostate tissue compared

with nnrmal nrnstate indicates that nectrnnen eunthesiz i favnuired in malionancy and thie mav inflience tumnr nrnrescinn In cnntrast tn

“YAn imbalance of circulating oestrogens and androgens may be responsible
for changes to the development and progression of prostate cancer. In
addifion to endogenous oestrogen availability, exposure to exogenous
oestrogens in the form of phytoestrogens may also have a profound effect.”




Medicing (Baltimore]. 2016 Jul:95{27):e4066. doi: 10.1097/MD.0000000000004068.

Genetic variants of the CYP1B1 gene as predictors of biochemical recurrence after radical prostatectomy
in localized prostate cancer patients.

Gu C"t’", Qin XJ, Qu YY, Zhu Y, Wan FN, Zhang GM, Sun LJ, Zhu ¥, Ye DW.

(# Author information

Abstract

Clinically localized prostate cancer is curative. Nevertheless many patients suffered from biochemical recurrence (BCR) after radical
prostatectomy (RP). Mounting evidence suggest that estrogen and xenobiotic carcinogens play an essential role in progression of prostate
cancervia oxidative estrogen metabelism. CYP1B1 is an enzyme involved in the hydroxylation of estrogens, a reaction of key relevance in
estrogen metabolism. Given the role of CYP1B1 in the oxidative metabolism of endogenous/exogenous estrogen and compounds, CYP1B1
polymorphisms have the potential to modity its expression and subsequently lead to progression. We hypothesize that genetic variants of the
CYP1B1 gene may influence clinical cutcome in clinically localized prostate cancer patients. In this cohort study, we genotyped 9 tagging
single nucleotide polymorphisms {SNPs) from the CYP1B1 gene in 312 patients treated with RP. For replication, these SNPs were genotyped
in an independent cohort of 426 patients. The expression level of CYP1B1 in the adjacent normal prostate tissues was gquantified by reverse
transcription and real-time polymerase chain reaction, Kaplan-Meier analysis and Cox proportional hazard models were utilized to identify
SNPs that correlated with BCR. CYP1B1 rs1056836 was significantly associated with BCR (hazard ratio [HR]: 0.69; 85% confidence interval
[Cl]: 0.40-0.88, P = 0.002) and relative CYP1B1 mRMNA expression. Our findings suggest inherited genetic variation in the CYP1B1 gene may
contribute to variable clinical outcomes for patients with clinically localized prostate cancer,
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LABORATORY EVALUATION




2-Hydroxyestrone (24hr uring)

2-Methoxyestrone (24hr urine)

16u-Hydroxyestrone (24hr urine)

4-Hydroxyestrone (24hr unine)

4-Methoxyestrone (24hr urine)

2-Hydroxyestrone/16a-Hydroxyestrone Ratio (24hr urine)

2-Methoxyestrone/2-Hydroxyestrone Ratio (24hr urine)

4-Methoxyestrone/d-Hydroxyestrone Ratio (24hr urine)

ESTROGEN METABOLITES

0.26-13 68 meg/24 hr

0.34-9.03 meg24 hr

0.25-7.89 meg/24 hr

0.33-1.98 megl24 he

0.20-1.60 mog/24 hr

094156

0.11-4.00

0.18-3.60




PHASE | N

Cytochrome P-450

Result Gene

CYP1Al*  www.genovations.com/gdgenO1
CYPI1B1 ~ www.genovations.com/gdgen02
CYP2AG www_genovations.com/gdgen10
CYP2C9 *  www.genovations.com/gdgen05
CYP2C19 * www genovations.com/gdgen06
CYP2D6 www.genovations.com/gdgen03
CYP2E1 www._genovations.com/gdgen04
CYP3A4 - www_genovations.com/gdgen07
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Methylation
SNP
Result Gene Location Intemet Information Affects
+- coMT vissm Liver/Gut

Acetylation (N-acetyl transferase)

SLOW METABOLIZER POLYMORPHISM

SNP
Result Gene Location Intemet Information Affects
i NAT1 R64W All Cells

- - NAT]1 R187Q www.genovations.com/gdri87q Liver/Gut
- - NAT2 1147  www.genovations.com/gdii14t  Liver/Gut
+- NAT2 R197Q www.genovations.com/gdri97q Liver/Gut
- NAT2 G286 www genovations.com/gdg286e Liver/Gut
-- NAT2 R64Q www.genovations.com/gdrédq  Liver/Gut

EAST METABOLIZER POLYMORPHISM
- NAT2 K268R www.genovations.com/gdk268r Liver/Gut

Glutathione Conjugation (Glutathione s-transferase)

Result Gene Location Internet Information Affects
ABSENT GSTNM1 1p133 Liver/Kidney

- - GSTP]. l1ﬂ5v W YTV VAU ID. LW TINgUyYyo s 1 BI'HII'USHH’I
- = GSTP1 A114V  www.genovations.com/gdalid4v Brain/Skin

Phase |
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POTENTIALLY TOXIC METALS

RESULT REFERENCE WITHIN VERY
METALS jafg creat RANGE REFERENGE RANGE | ELEVATED | ELEVATED

Aluminum 18 < 25 -—
Antimony <dl < A e
Arsenic 19 < 108 —
Rarium 2 < 7 —
Beryllium <dl % e
Bismuth <dl = Lo
Cadmium 0.4 2 AN il A ; S
Cesium 43 = 2 p—
Gadolinium <dl e A
Lt'.ﬂd n_4 = 2 —
Marcury 0.8 < 3 —
Nickel 4.1 = 10 =
e o = I T = i - S
Platinum <dl < !
Tellurium 02 L 0.3 —
Thallium 02 < 0.5 —
Thorium <di = 0.03
Tin 02 = 9 . i G
Titanium NA E 13
Tungsten <dl g 04
Uranium <d| < 0.03

RESULT REFERENCE

magidL RANGE 25D LOW 15D LOW lm 15D HIGH 25D HIGH

Creatinine 65.4 45 225 e
Comments:
Date Collected: pH upon recelpt: Acocptable Collection Peried: timed: @ hours
Date Beceved: 12072010 =gl less than detection limit Volume: 1600 ml
Date Completed: 12/12/2010 Provoking Agent: DMSA Provocation:
Methed: ICP-M8




SUGGESTED INITIAL
LABORATORY WORK-UP

« Adiponectin

 Proinsulin

« HgbAIC

 Fasting Insulin, and 30 min insulin after 75g glucose load, 1 hour
and 2hr insulin level

» Fasting glucose, 1 hour and 2 hr glucose after 75g load

 NMR Lipoprotein Profile

« Comprehensive Metabolic Panel

« GGTP

» Uric Acid

* Methane breath test

« Comprehensive stool test

116 kl
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ADDITIONAL LABS

« 25-OH Vitamin D

« Homocysteine

* Lipoprotein (Q)

* CRP-HS

« Apolipoprotein B and Apoliproprotein Al

« Gliadin Antibody

» Celiac Panel

Celiac Genetic panel (HLA-DQ2 and DQS8)
Nutrient Analysis

LpPLA2

PAI-1

Inflammatory Cytokines: IL-6, IL-8, TNF-alpha
» Resistine

Lvo Z, Zhang Y, Li F, He J, Ding H, Yan L, Cheng H. Resistin induces insulin resistance by both AMPK-dependent and AMPK-
independent mechanisms in HepG2 cells. Endocrine. 2009 May 8.




COMPREHENSIVE
STOOL ANALYSIS

 Diversity
* Microbiology
« Pathogenic bacteria
* FuNQi
« Parasites
« Good bacteria
» Lactobacillus
* Bifidobacterium
* SCFA’s
* Proprionate
» Butyrate
« Acetate

« Pancreatic Function

118
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HOW DO WE DECREASE OUR RISK?

* Proper Risk Assessment
« Connect the dofts

« Decrease exposure

* Promote detoxification

* Enhance Elimination

« Awareness




SEQUENCING A DETOX PROGRAM N

| |

4 Reduce Toxin 2 Introduce 3 Therapeutic Interventions A Maintenance
Exposure Dietary Changes & Monitoring Therapy




MTApproach

utritional Support with wholesome food (fresh, whole, unprocessed, organic, colorful
(12 servings vegetables/fruit), high fiber (35g soluble), with nuts, seeds, fermented.

 Digestion
Elimination Diet and 5R Program
» personalize
Decrease Insulin Stimulation
Address the underlying cause/causes: Detoxification
Lifestyle Modification
Exercise/Movement
« Sleep
 Stress
« Modify/address gut microbiota

» Targeted Supplementation
* Food is the foundation N N

» Mind-body-spirit connection
« Support 6




Am.J Clin Nutr. 2011 Sep:94(3):900-5. doi: 10.3945/ajcn.111.015578. Epub 2011 Jul 20

Dietary fiber intake and risk of breast cancer: a meta-analysis of prospective cohort studies.
Dong JY'. He K. Wang P. Qin LQ.

= Author information

1[}Ia[::Iartrmant of Nutrition and Food Hygiene, School of Radiation Medicine and Public Health, Soochow University, Suzhou, China.
dongjy@mall3 sysu.edu.cn

Abstract

BACKGROUND: Observational and preclinical studies suggest that dietary fiber infake may reduce the risk of breast cancer, but the
results are inconclusive.

OBJECTIVE: We aimed to examine the association between dietary fiber intake and risk of breast cancer by conducting a
meta-analysis of prospective cohort studies.

DESIGN: Ralavant atudtaa were rdantrﬁad by a PubMad database saarch through January 201 1 Rafaran::e lists fram ramavad
article

wa A mMeta-analysis of 10 prospective studies
:;‘:: showing a significant inverse association

i between dietary fiber and risk of BC, with no o

il differences by geographical region or iy
single '
s menopausal status. O,

CONCLUSION: This meta-analysis provides evidence of a significant inverse dose-response association between dietary fiber rd .
intake and breast cancer risk. ‘

"



Breast Cancer Res Treat. 2011 May:127(1):23-31. doi- 10.1007/510549-011-1467-5. Epub 2011 Mar 27. \

Dairy consumption and risk of breast cancer: a meta-analysis of prospective
cohort studies.

Dong JY'. Zhang L. He K, Qin LQ.

#+ Author information

Abstract

Epidemiologic findings are inconsistent regarding risk for breast cancer related to dairy consumption.
We performed a meta-analysis of prospective cohort studies to examine the association between diary
product consumption and risk of breast cancer. A PubMed database search through January 2011 was
performed for relevant studies. We included prospective cohort studies that reported relative risks with
95% confidence intervals for the association of dairy consumption and breast cancer risk. A random
effects model was used to calculate the summary risk estimates. We identified 18 prospective cohort
studies eligible for analysis, involving 24,187 cases and 1,063,471 participants. The summary relative
risk of breast cancer for the highest intake of total dairy food compared with the lowest was 0.85 (95%
confidence interval: 0.76-0.95), with evidence of heterogeneity (P = 0.01, | (2) = 54.5%). For milk
consumption, the summary relative risk was 0.91 (95% confidence interval: 0.80-1.02), and substantial
heterogeneity was observed (P = 0.003, | (2) = 59.7%). Subgroup analyses based on limited numbers

... findings of the present meta-analysis indicate that
Increased consumption of total dairy food, but not
milk, may be associated with a reduced risk of breast

e cancer.”




Am J Clin Mutr. 2013 Feb:87(2):344-53_ doi: 10.3945/3jcn. 112.034025. Epub 2012 Dec 26. \

Dietary fiber intake and risk of hormonal receptor-defined breast cancer in the European
Prospective Investigation into Cancer and Nutrition study.

Ferrari P!, Rinaldi 5. Jenab M, Lukanova A, Qlsen A, Tjsnneland A, Overvad K, Clavel-Chapelon F, Fagherazzl G, Touillaud M, Kaaks R, von
Risten A, Boeing H, Trichopoulou A, Lagiou P. Benetou V, Grichi 3, Panico 3, Masala . Tumino R, Polidoro S, Bakker MF, van Gils CH, Ros
MM, Bueno-de-Mesguita HB, Krum-Hansen S, Engeset D, Skeje G, Pilar A, Sanchez MJ, Buckland G, Ardanaz E, Chirlague D, Rodriguez L, Travis
R, Key T, Khaw KT, Wareham NJ, Sund M, Lenner P, Slimani N, Norat T, Aune D, Riboli E, Romieu |.

(%) Author information

Abstract
BACKGROUND: Limited scientific evidence has characterized the association between dietary fiber intake and risk of breast
cancer (BC) by menopausal status and hormaone receptor expression in tumors.

OBJECTIVE: We investigated the relation between total dietary fiber and its main food sources (vegetables, fruit, cereals, and
legumes) and BC risk by using data from the European Prospective Investigation into Cancer and Nutrition (EPIC).

DESIGN: A total of 11,576 invasive BC cases in 334,845 EPIC women mostly aged 35-70 y at baseline were identified over a
median follow-up of 11.5 y. Dietary fiber was estimated from country-specific dietary questionnaires. Multivariable Cox praportional
hazards regression models were used to quantify the association between dietary variables and BC risk with energy adjustment by
U e

r» “Diets rich in dietary fiber and,

particularly, fiber from vegetables may be

associated with a small reduction in risk of
BC, independently of menopausal %o

of

status.” ®
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Int J Cancer 1998 Mar 16;75(6):825-30.

Breast cancer risk, meat consumption and N-acetyltransferase (NAT2) genetic
polymorphisms.

Ambrosone CET, Freudenheim JL, Sinha R, Graham S, Marshall JR, Vena JE, Laughlin R, Nemoto T, Shields PG.

# Author information

Abstract
Although inconsistencies exist, some studies have shown that meat consumption is associated with breast cancer risk.

Several heterocyclic amines (HAs), formed in the cooking of meats, are mammary carcinogens in laboratory models. HAs
are activated by polymorphic N-acetyliransferase (NAT2) and rapid NAT2 activity may increase risk associated with HAs. We
investigated whether ingestion of meat, chicken and fish, as well as particular concentrated sources of HAs, was associated
with breast cancer risk, and if NAT2 genotype modified risk. Caucasian women with incident breast cancer (n = 740) and
community controls (n = 810) were interviewed and administered a food frequency questionnaire. A subset of these women
(n = 793) provided a blood sample. Polymerase chain reaction and restriction fragment length polymorphism analyses were
used to determine NATZ genotype. Consumption of red meats, as well as an index of concentrated sources of HAs, was not
associated with increased breast cancer risk, nor did risk vary by NAT2 genotype. In post-menopausal women, higher fish
consumption was inversely associated with risk (odds ratio = 0.7; 95% confidence interval, 0.4-1.0); among pre-menopausal
women, there was the suggestion of inverse associations between risk and pork and chicken intake. Our results suggest that
consumption | risk. However,

due to the str hlghel’ f|Sh COHSUI’inIOﬂ WOS rement error in "‘
evaluation of ° . . .
inversely associated with risk. “0 ®

PMID: 9506525 [PUDMEQ - Indexed for MEDILINE]




Public Health Nutr. 2011 Dec;14(12A):2323-32. doi: 10.1017/51368980011002588.

Olive oil, an essential component of the Mediterranean diet, and breast cancer.
Escrich ET, Moral R, Solanas M.

+ Author information

Abstract
OBJECTIVE: The Mediterranean diet has been related to a lower risk of some chronic diseases, including cancer. We aim to

gain insight into the effects of the main source of fat of this diet on breast cancer, the most common type of malignancy in
women.

DESIGN: Data from sixteen experimental series analysing the effects of dietary lipids on mammary carcinogenesis in an
animal model, in the context of the international literature on the Mediterranean diet, olive oil and breast cancer risk.

SETTING: Experimental and human data on the effects of olive oil and Mediterranean diet on breast cancer.
SUBJECTS: An animal model of induced breast cancer and other human and experimental studies in the literature.

RESULTS: Diets rich in extra virgin olive oil (EVOO) exert a negative modulatory effect on experimental breast cancer to a
weak promaoting effect, much lower than that obtained with a high-corn oil diet. EVOO confers to the mammary
adenocarcinomas a clinical behaviour and morphological features compatible with low tumour aggressiveness. This

Consumption of EVOO in moderate
quantities and throughout the lifetime
appears to be a healthy choice and may
favourably influence breast cancer risk.




Eur J Cancer Prev. 2014 Apr 9. [Epub ahead of print]

Dietary extra-virgin olive oil and corn oil differentially modulate the mRNA
expression of xenobiotic-metabolizing enzymes in the liver and in the
mammary gland in a rat chemically induced breast cancer model.

Manzanares MA1, Solanas M, Moral R, Escrich R, Vela E, Costa |, Escrich E.

i+ Author information

Abstract

High extra-virgin olive oil (EVOQ) and corn oil diets differentially modulate experimental mammary
carcinogenesis. We have investigated their influence on the initiation stage through the modulation of the
expression of xenobiotic-metabolizing enzymes (XMEs) in the liver and the mammary gland. Female
Sprague-Dawley rats were fed a low-fat (LF), high corn oil (HCO), or high EVOO (HOO) diet from
weaning and gavaged with 7,12-dimethylbenz(a)anthracene (DMBA). The HCO diet increased the
mMRNA levels of the phase | enzymes CYP1A1, CYP1A2 and, to a lesser extent, CYP1B1, in the liver.
The Aryl hydrocarbon receptor (AhR) seemed to be involved in this upregulated CYP1 expression.
However, a slight trend toward an increase in the mRNA levels of the phase Il enzymes GSTP1 and
NQO1 was observed with the HOO diet. At least in the case of GSTP1, this effect was linked to an
increased Nrf? transactivation activitv This different reaulation of the XMFs exnression led in the case

“The HOO diet was associated with a slower phase |
metabolism accompanied by a faster phase i
detoxification, thus reducing the output of the active N N

compounds to the target tissues'. ® ,.
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Breast Cancer Res Treat. 2010 Jan;119(2):463-74_ doi- 10.1007/510543-009-0407-0. Epub 2009 May 8.

Genetic polymorphisms in phase | and phase Il enzymes and breast cancer risk associated with
menopausal hormone therapy in postmenopausal women,

MARIE-GENICA Consontium on Genetic Suscepiibility for Menopausal Hormone Therapy Related Breast Cancer Risk’

@ Collaborators (30)

i+ Author information

Erratum in
Breast Cancer Res Treat 2010 Jan119(2)475.

Abstract

Recent findings indicate a greater risk of postmenopausal breast cancer with estrogen-progestagen therapy than estrogen
manotherapy, and more so for current than past use. Few studies have examined individual genetic susceptibility to the effects of
menopausal hormone therapy. We used two population-based case-control studies with 3,155 postmenopausal breast cancer
patients and 5,496 controls to evaluate modification of breast cancer risk associated with duration of hormone use by genes involved
in hormone metabolism and detoxification. Twenty-eight polymorphisms in eight genes of phase | (CYP1A1, CYP1A2, CYP1B1,
CYP2C9, CYP2C19, CYP3A4, CYP3AS, CYP3AT) and nine genes of phase Il enzymes (COMT, GSTM1, GSTM3, GSTP1, GSTT1,
SULT1AT, UGT1A1, UGT1AGB, UGT2B7) were genatyped. The risk associated with duration of use of combined estrogen-
progestagen therapy was significantly modified by genetic polymorphisms located in CYP1B1, GSTP1, and GSTT1. In homozygote

"Postmenopausal breast cancer risk associated with
hormone therapy may be modified by genetically
determined variations in phase | and |l enzymes

128 iInvolved in steroid hormone metabolism®.




Improve Gut Ecology

ENCOURAGE
HEALTHY INTESTINAL

EXCRETION

Supply factors shown to assist in estrogen and fat soluble metabolic waste and

toxin excretion

Lipotropic factors choline, Bg, FA, B,, to
promote bile synthesis and efficiently
bundle toxins and estrogen metabolites
for removal from the body via the gut

Phytoestrogens Lignans (flax) -
increase SHBG to bind circulating
estrogens

Probiotics L. acidophilus (NCFM),
Bifidobacteria lactis BI-O7 - beta
glucuronidase deactivation

Fiber 55% insoluble fiber, 45% soluble
fiber, Lignins (fiber) - transit time

Note: The proper
type and amounts
of macronutrients
(protein,
carbohydrate
and faf)
support each step
in this metabolic
Process,

Excretion

prebictics
probiotics
fiber

flax (lignins)




Nutrients for
Healthy Bile Flow

* Select nutrients and herbs to assist with
healthy bile flow and gallbladder function
as well as fat metabolism:

« Vitamin C, Bé, folic acid, B12, Mg, choline,
Inositol, taurine, methionine, betaine HCI

* Artichoke leaf exfract

« Chen Pi (Cifrus reticulata) containing
chlorogenic acid, hyperoside, caffeic acid
and rutin







Elimination via Skin

« Acts as a second kidney and eliminates

water, salts and urea -1/ - [/

« Function is improved
if skin is clean of

dead skin cells

— Dry skin brushing—brush
toward the heart

— Loofah sponge when
bathing

— Soap tends to block pores

« Sweat therapy

- Replenish the 1 pint of fluid
per hour lost to protect
kidneys from dehydration
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The Microbiome-Estrogen Connection and Breast
Cancer Risk

Sheetl Parlda and Dipall Sharma *
Ehmastinard of Ohaudiigy, Joderss | lophivs Ui efsty Shoul of Sladsine afd ke babaei Kirete | Cosrpivharsite
Cances Center sl jobrs Hophoes, Raltemore, MDD 2000, US4 sparidt i ndu
* Cormeeponderoe dsburmaMinkem sk

Bamgrveed 28 Ehkiobes 209, Aciapied & [ecwmmber 201%, Peblaluad 18 Doy X019 m
Abatract The microbsome i undoubledly the second goaoane of the humain body and has diverne
rales in health and dissise. However, trarslathonal progress |s Hmited dus 1o the vasiress of e
microbricene, which scoounis for over 3.3 million peees, whose hunctions aee still uncesr. Nusnesous
studees im the past decsde have demanstrated howe macrobunems mpacts varous sean-speciis cancers
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“The present account discusses the potential
role of gastrointestinal microbiome In breast
cancer development by mediating
metabolism of steroid hormones and synthesis
of biologically active estrogen mimics.”
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AAPS J 2014 Jul,16(4).705-13. doi: 10.1208/512248-014-8610-y. Epub 2014 May 13.

Pharmacokinetics and pharmacodynamics of phenethyl isothiocyanate: implications in
breast cancer prevention.

Morris MEi, Dave RA.

+ Author information

Abstract

Phenethyl isothiocyanate (PEITC)-a naturally occurring isothiocyanate in cruciferous vegetables-has been extensively studied
as a chemopreventive agent in several preclinical species and in humans. Pharmacokinetic features of unchanged PEITC are
(1) linear and first-order absorption, (I1) high protein binding and capacity-limited tissue distribution, and (1l1) reversible
metabolism and capacity-limited hepatic elimination. Membrane transport of PEITC is mediated by BCRP, multidrug
resistance-associated protein (MRP) 1, and MRP2 transporters belonging to the ATP-binding-cassette (ABC) family. PEITC is

motahnlizod hwy nlitathiono © drancforaco (29T in the uor anth the alitathinne connate nf PEITC undoarooinn fiirthear

“The pharmacodynamics of PEITC in breast cancer
include cancer cell apoptosis by up-regulation of
apoptotic genes, cell cycle arrest at G2/M phase by
generation of reactive oxygen species and depletion of
intracellular glutathione, down-regulation of the estrogen
receptor, decrease in sensitivity to estrogen, and inhibition

o of tumor metastasis”.




S Biochem Pharmacol. 2018 Sep;155:252-263. doi: 10.1016/.bcp.2018.07.006. Epub 2018 Jul 20.

Resveratrol represses estrogen-induced mammary carcinogenesis through NRF2-UGT1A8-
estrogen metabolic axis activation.

Zhou X', Zhao Y', Wang J', Wang X', Chen C', Yin D', Zhao F', Yin J', Guo M2, Zhang L3, Du L', Zhang B*, Yin X°,

+ Author information

Abstract

Estrogen plays a pivotal role in the pathological development of breast cancer. Resveratrol has chemo-preventive effects against breast
cancer, whereas, the mechanism of antitumor activities of resveratrol remains unanswered. In this study, we showed that estrogen
homeostasis profile was disturbed in both breast cancer patients and in experimental breast cancer model rats, with carcinogenic

"Here we found that the mammary nuclear factor erythroid 2-related
factor 2 (NRF2) - UGT1AS8 signaling was down-regulated in breast
cancer rats, whereas treatment with resveratrol could upregulate the
expression of NRF2 and UGT1AS8, accelerate metabolic elimination of
catechol estrogens, inhibit estrogen-induced DNA damage and
suppress the pathological development of breast cancer.”

o
s
o e
o

135

"



Toxicol Lett. 2018 Jul;291:77-85. doi: 10.1016/j.toxlet.2018.04.008. Epub 2018 Apr 11.

Fingolimod interrupts the cross talk between estrogen metabolism and sphingolipid metabolism
within prostate cancer cells.

Allam RM', Al-Abd AM2, Khedr A%, Sharaf OA*, Nofal SM®, Khalifa AE®, Mosli HA?, Abdel-Naim AB®,

# Author information

Abstract
Sphingolipids are critical regulators of tumor microenvironments and play an important role in estrogen-dependent cancers. Estrogen
and estrogen metabolites were found to be involved in prostate cancer. Fingolimod (FTY720) is a sphingokinase-1 (SphK1) inhibitor with
anticancer properties against various tumor cell types. Herein, we investigated the interference of FTY720 with the cross talk between
sphingolipid metabolism and estrogen metabolism within prostate cancer cells. FTY720 showed cytotoxic antiproliferative effects against
androgen-dependent and -independent prostate cancer cells with ICsg ranging from 3.0£0.3 to 6.8+1.7uM. Exposure of prostate cancer
cells to FTY720 resulted in a dramatic decrease in the concentration of estradiol, estrone, 4-hydroxyestradiol and 16a-hydroxyestrone
compared to control cells. However, FTY720 significantly increased the concentration of 2-methoxyestrone and 2-methoxyestradiol
within prostate cancer cells. This was mirrored by significant downregulating of the expression of estrogen and catechol estrogen-
ynthes:zlng enzymes (CYP19, CYP1A1 and CYP1B1) Wlthln prostate c.anoer cells. On the other hand, FTY?E{J significantly upregutated

- (N

"We found that flngollmod (FTY720) could modulate the es’rrogenlc
micromilieu and interrupt its cross talk with sphingolipid metabolism.”
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int J Cancer. 2018 Aug 1;143(3):580-590. doi: 10.1002/jc.31387. Epub 2018 Apr 6. Dpanjclass stthor Wform

A dietary pattern based on estrogen metabolism is associated with breast cancer risk in a
prospective cohort of postmenopausal women.

Guinter MA'2, McLain AC2, Merchant AT2, Sandler DP3, Steck SE24.

# Author information

Abstract

Increased exposure to estrogen is a risk factor for postmenopausal breast cancer, and dietary factors can influence estrogen
metabolism. However, studies of diet and breast cancer have been inconclusive. We developed a dietary pattern associated with levels
of unconjugated estradiol and the ratio of 2- and 16-hydroxylated estrogen metabolites in a subsample of Prostate, Lung, Colorectal and
Ovarian Screening Trial (PLCO) participants (n =653) using reduced rank regression, and examined its association with
postmenopausal breast cancer prospectively in the larger PLCO cohort (n = 27,488). The estrogen-related dietary pattern (ERDP) was
comprised of foods with positively-weighted intakes (non-whole/refined grains, tomatoes, cruciferous vegetables, cheese, fish/shellfish
high in w-3 fatty acids, franks/luncheon meats) and negatively-weighted intakes (nuts/seeds, other vegetables, fish/shellfish low in w-3
fatty acids, yogurt, coffee). A 1-unit increase in the ERDP score was associated with an increase in total (HR: 1.09, 85% CI: 1.01-1.18),
invasive (HR: 1.13; 95% CI: 1.04-1.24) and estrogen receptor (ER)-positive (HR: 1.13, 95% CI: 1.02-1.24) breast cancer risk after
adjustment for confounders. Associations were observed for the fourth quartile of ERDP compared with the first quartile for overall breast
cancer (HR: 1.14; 95% CI: 0.98-1.32), invasive cases (HR: 1.20, 95% CI: 1.02-1.42) and ER-positive cases (HR: 1.19; 95% CI: 0.99-
1.41). The increased risk associated with increasing ERDP score was more apparent in strata of some effect modifiers (postmenopausal

"Results suggest a dietary pattern based on estrogen metabolism is
positively associated with postmenopausal breast cancer risk,
possibly through an estrogenic influence.”



EXERCISE

* Tailor to individual patient

« SWimming to help circulation

« Gentle movement

« Support lymph circulation

« Bathing in magnesium rich sea salt

Int J Dermatol. 2005 Feb;44(2):151-7




NUTRACEUTICALS

* Micronutrient Support

* Medical Foods

« Botanicals

» Support all conjugation reactions of phase 2
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METHYLATION SUPPORT

COMT uses SAMe as its methyl donor; therefore,
maintaining SAMe availability will encourage COMT
activity

* Methionine-esp important if low homocysteine
* Magnesium
« B2, B4, B12

 Folic acid (also as folinic acid, 5-formyl THF, or 5-methyl
THF)

* TMG (betaine)
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DIETARY SUPPLEMENTS TO
OPTIMIZE REDUCED GLUTATHIONE LEVELS

« Reduced glutathione 1-3 g/day

« N-acetyl cysteine 600-3,000 mg/day

« Lipoic acid 200-1,000 mg/day

 Whey protein concentrates 2-3 servings/day
« Magnesium 400 + mg

* Vitamin C: 500+mg

« Vitamin E: 400 U

« Silymarin 400-1,200 mg/day

« Pantothenic acid 500-1,000 mg/day

« SAMe 400-800 mg/day




= DIETARY SUPPLEMENTS TO OPTIMIZE

REDUCED GLUTATHIONE LEVELS
CONTINUED...
« Glycine,
« Glutamine
* B vitamins (B2, B6, B12, SMTHF)

« Turmeric extract, bilberry, melatonin, theanine,
strawberry/black raspberry extracts

« Anfi-oxidants (to discourage formation of quinone
compounds)
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MY APPROACH TO INSULIN
RESISTANCE TREATMENT
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DIETAIéY MANAGEMENT
FOR THE PATIENT WITH INSULIN
RESISTANCE

» Decrease insulin stimulation.

o Dietary modifications which decrease insulin release:
- Fiber
- ‘Good’ (vs. ‘bad’) fat
- ‘Good’ (vs. ‘bad’) carbohydrates; Low glycemic load, remove NAS

Protein at every meal

» Elimination of most inflammatory food:
» Wheat, dairy, soy, corn, nightshades....

» Modify Gut Microbiota
» Food first
» Fermented Foods
» Probiotics/prebiotics

» Increase cellular responsiveness to insulin.

o Agents that modify insulin responsiveness at the cellular level:
- Spices
+ Herbs
+ Chromium
- Vitamin D @
* Magnesium ré
- Omegao-3 ‘




INSULIN RESISTANCE

AND
GUT MICROBIOTA
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potecutar Seiences — Three main variants or
s L m TH
enterotypes” in adults

Mhediterranean et and Health: Food Effects on

Gut Microbiota and Disease Control represenTed by
L Tl TR 1. Bacteroides
| m“‘m &mﬂmﬁi E.:sl e el 2. Prevotella
EEEED e s 3, RUMINOCOCCUS
The eu’rhors performed a conftrolled-feeding frial based on a
= small subject cohort (10 subjects), which was randomized,

Rece

subjected to high-fat/low-fiber or low-fat/high-fiber diets and
sampled over 10 days. The results showed that microbiome
profiles clearly changed within 24 h of the diet, while the
“enterotype” identity remained stable, indicafing that long-
’rerm dle’r IS s’rrongly rele’red with specific “enterotypes.” ).
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Gut bacterial miicorobiota and obesity

e T Laghes'. O Wakas™ e L Posa
I e o o Al s e Sholied e fec i of Tropeeoli Srec gl Pl din SMedsae, T8RS SN T2 TE ARD T RE Ac-vnramille 5w mis,

el s, Frosion on A Ty L of Gepfecian e Disescisy, S i Sbaics o | Cenretes, Bodlmwiory oo ol cived o ol b Foien gty off Sliedwores, T Mo ivweees o, Tos M, S

st ract

ey e, sl e B . Paer o BeSemry e R hmmfna an @reessl Erossocnars e aeirmaln, et P ool reoaeile Seaat St B
M ke i e B e i SPNE (R e C el O S e e, P s et ) e . SO Lt et P S e et o R et o st B
e o ey el e el Bowws AR GRESE 5 Ve i T Loda Freopeonsad s el srsliaora N i g 6 Rl i ety ol e 0ot B et on 6 e et G il gt Lol s
el ety SF R e Set 2P EPSc sy oFf gy vt oo P fhee T et o B g = e Bood e el odinaes off slisre sl o sdieciobd TheE
P cralin e @ fifee e of sl e el o et aeects reradot e Fuss: Babeart chmreteccotrme el e reiaos. whoere o rsp st e e o oo oo s B oo
B e B SE B el St B Do Ovr grerre-iee. i e prdeaenid fal Sensiiteace  r ks FeaiEaard. T e sl rolbate s can B et ol aee o
By el e B, e el ey e P ot e i it e Sl oo iy By et g D Bt el sl = et o i b Lracll e oy Sl
Bars sricesien prodos o By e prallh e laceria essragipgly, oetals poobeshes Bl EsSoated ash Gespies e Bolh e ek sl e
Pogsaeii. Tha sl ars Cparechemg ces 15or peroddioeta e, i beoge aeed gpoee @ B - e cscaselaties, o B oan e e S B o b slomesi
asm s AUmErtiess B casandlly Bemme S B0 S aidel iRgie 8 Bt aetiBionic ool eed weeighe pale i Childesy e escio Ve Berae
Fi Ry SR S e TR S Sl St Belaetoar B morohots oorm RS ioe) iS3 SRt G0 deedl citelne

Harprier ko Fal oot o casilath, e olh S, clsaiy. pooiasie s
AP e S o ol B ed] e b F Pl QDT
i Mo ol yfece O8I WS 305 -3E3

v s gy setribee— P Faad Linde of infuees o s T e,
Borrdmn Fenlcheara Cemmimun, o S U0 ol
oot et mEert Ra s i

I eromddisctdon Pirobe sSasmge m S Parnon o Veere poossn e O w8

The microbiota can be manipulated by prebiotics,
probiotics, and antibiotics. Probiotics affect the
microbiota directly by modulafing its bacterial content,
and indirectly through bacteriocins produced by the

probiofic bacteria.
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Surprisingly, we
discovered that oral
L. reuteri therapy
alone was sufficient
to change the pro-
inflammatory
Immune cell profile
and prevent
abdominal fat
pathology and age-
associated weight
gain in mice
regardless of their

baseline diet
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Microbial Reprogramming Inhibits Western Diet-
Associated Obesity

Theofilos Poutahidia™?™, Markus Kleinewietf eld**, Christopher Smillie®, Tatiana Levhowich®,
Alison Perotta”, Siddhestvar Bhela®, Bemard J. Varian”, Yassin M. Ibrakim”, Jessica R. Lakrite®,
Sean M. Kearney'”, Antonis Chatziglagkos”, David A. Hafler™, Eric 1. Am™ ", Susan E Erdman '
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Theofilos Poutahidis et al. Microbial Reprogramming Inhibits Western Diet-Associated Obesity. PLoS ONE
8(7): €68596. doi:10.1371/journal.pone.0068596.



Korean | Fam Med. 2013;3&-80-89 hetpyf fdx doiom/ 104082 Kjfm 2013.35 280

Original

Effect of Lactobacillus gasseri BNR17 on Article
Overweight and Obese Adults:
A Randomized, Double-Blind Clinical Trial

Seung-Pil Jung*, Keun-Mi Lee, Ji-Hee Kang', Sung-11 Yun', Han-Oh Park’,

2 e
Yong Moon’, Jong-Yeon Kim®
Department of Family Medicine, Obesity Clinic, Yeungnam University College of Medicine, Daegu; "R&D Center of
Bioneer Corporation, Daejeon; “Department of Health Administration, Namseoul University, Cheonan; *Department
of Physiology, Center of Metabolism and Obesity, Yeungnam University College of Medicine, Daegu, Korea

Background: Lactobacillus gasseri BNR1Y is a type of probiotic strain isolated from human breast milk. A study was
reported regarding the fact that BNR17T was an inhibitor of obesity and diabetic activities in the human body through
presvious animal experiments. This study was furthered to investigate the effect of BNR17, a probiotic strain isolated from
human breast milk, on obese and overweight adults.

Methods: Sixty-two obese volunteers aged 19 to 60 with body mass index = 23 kg/m” and fasting blood sugar = 100 mg/dL
participated in a placebo controlled, randomized, and double-blind trial. For 12 weeks, 57 participants were given either
placebo or BNR17 and were tested by measuring body fat, body weight, various biochemical parameters, vital signs, and
computed tomography at the start of the study and at weeks 4, 8, and 12, The subjects assumed usual daily activities
without having to make behavioral or dietary modifications during the course of the study.

Resulis: At the 12th week, a slight reduction in body weight was noted in the BNR17 group, but there were no significant
weight changes between groups. Decrease of waist and hip cimumferences in the BNR17 group was more pronounced
than those in the placebo group. The two groups had no special or severe adverse reactions.

Conclusion: Despite there being no change in behavior or diet, administration of only the supplement of BENR17 reduced
weight and waist and hip circumference. However, there were no significant differences between the two groups. These

findings warrant a subsequent longer-term prospective clinical investigation with a large population.

Keywords: Probiotics; Obesity; Metabolic Disorders; Human Breast Milk




The primary
findings of the
present study are
that L. Casel
ingestion markedly
prevents rats from
the onset and
development of
glycemia in both
fasting and
postprandial 2 h
blood glucose
levels, as well as
OGIT levels.

SCIENTIFIC () 2 I T

REPLIRTS (e

OPEN

FIEECT ARTAS.
CHRCRIC
IPFLAARTITH

FUTRITICH

Receind

14 Febwwary 2014
Moo

2d e 2314
Fubitshed

18 Moy 3014

v chaton. G
vt by molinds
bl b ek wiaid
HME L upiogddip

Wi e

* Charva cndolnce
Theat Ky, Likscrabioy o
Doy Bcaechnd ey
rd Enggmem g
Erbscnsier: Mcapy of
F. R Chir, Inees
Mool Agriaied
]
Bhesrprcehs Riosed,
kb, Ching,
01E

Lactobacillus casei reduces
susceptibility to type 2 diabetes via
microbiota-mediated body chloride ion
influx

Yong Zharg. XKoo Goo, fiantn Gua, Ghesen He, Ha b, Yogin Song & Heping Zhang®
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Effect of probiotic (VSL#3) and omega-3 on lipid profile, insulin sensitivity,
inflammatory markers, and gut colonization in overweight adults: a
randomized, controlled trial.

Rajkumar H', Mahmood N, Kumar M!, Varikuti SR', Challa HR', My AddITIOn Of Om690-3
@ Author information fCIHy acid with VSL#3
Abstract had more

To evaluate the effects of probiotic (VSL#3) and omega-3 fatty ac pl’OﬂOU ﬂced effec.l.

and inflammation, we conducted a clinical trial in 60 overweight (Bl
years. After initial screening the subjects were randomized into fou i 1

groups received, respectively, placebo, omega-3 fatty acid, probic On HDL' InSU“n

probiotic, for 6 weeks. Blood and fecal samples were collected at | Se nS|T|V|Ty a ﬂd hSC R P 5
probiotic (VSL#3) supplemented group had significant reduction in

and VLDL and had increased HDL (P < 0.05) value. VSL#3 improved insulin sensitivity (P < 0.01),

decreased hsCRP, and favorably affected the composition of gut microbiota. Omega-3 had significant

effect on insulin sensitivity and hsCRP but had no effect on gut microbiota. Addition of omega-3 fatty

acid with VSL#3 had more pronounced effect on HDL, insulin sensitivity and hsCRP. Subjects with low .‘
HDL, insulin resistance, and high hsCRP had significantly lower total lactobacilli and bifidobacteria -
count and higher E. coli and bacteroides count. A
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with metabolic syndrome
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Manipulating the gut microbiota to maintain health and
treat disease
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Prebiofics act to
enhance the
growth and/or
activity of bacteria
that are resident in
the colon, acting as
growth substrates to
selectively boost
numbers and/or
activities of
particular bacteria.




Dietary Recommendations for Insulin Resistance
Beyond Ma Cmn utrients Minich and Bland, Nutrition Reviews 2008 66(8):429-444.




= NUTRIENTS KNOWN TO MODIFY
INSULIN RESPONSIVENESS AT

« Chromium THE CELLULAR LEVEL
» Aloha-lipoic acid

« CoQIl0

* Vitamin D

« Magnesium

* Vitamin C, vitamin E and other antioxidants

« Omega 3 fatty acids

« Curcumin

« Vanadium

« Serum kinase receptor modulators (SKRM's) N N




« 600 to 1800 mg/day of alpha lipoic acid (ALA) can
improve insulin sensitivity in patients with type 2 diabetes.

« 600-1200 mg/day of ALA may improve microcirculation
and diabetic polyneuropathy.

Jacob §, et al. Oral administration of RAC-alpha-lipoic acid modulates insulin sensitivity
in patients with type-2 diabetes mellitus: a placebo- controlled pilot trial. Free Radic Biol
Med, 1999. 27(3-4): p. 309-14.

Haak E, et al. Effects of alpha-lipoic acid on microcirculation in patients with peripheral “"‘.
diabetic neuropathy. Exp Clin Endocrinol Diabetes, 2000. 108(3): p. 168-74. rd
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« 120 mg/day of Coenzyme Q10 improves glycemic control
and blood pressure in NIDDM

« 200mg of CoQ10 daily improved HgA1C and blood
pressure in NIDDM patients.

Singh RB, et al. Effect of hydrosoluble coenzyme Q10 on blood pressures and
insulin resistance in hypertensive patients with coronary artery disease. J
Hum Hypertens, 1999. 13(3): p. 203-8.

Hodgson JM, et al. Coenzyme Q(10) improves blood pressure and “"‘.
glycaemic conftrol: a controlled trial in subjects with type 2 diabetes. Eur J rd T
Clin Nutr, 2002. 56(11): p. 1137-42. ‘




= Cholecalciferol improves glycemic control in
type 2 diabetic patients:a 6-month prospective
interventional study

Aml Mohamed Nada'
Dalia A Shaheen’

'Faculty of Medicine, Department
of Internal Medicine, *Faculty of
Medicine, Department of Medical

Biochemistry, Mansoura University,

Mansoura, Egypt

This article was pubished in the following Dove Press journal:

Therageutics and Clinical Risk Management
7july 2017

Background and purpose: To investigate the effects of vitamin I) supplementation on glucose

homeostasis and lipid profile in type 2 diabetic patients who have vitamin D deficiency.
" "Cholecalciferol helps improve blood
ciolog glucose conftrol and cholesterol

mass index (

sana Profile in viramin D3-deficient type 2
s diabetic patients".

14 females) were started on cholecalciferol replacement-45,000 units once weekly for 8 weeks
and then 22,500 units once weekly for 16 weeks. Caleium carbonate tablets 500 mg once daily
were also prescribed for the initial 2 months of treatment. Measured variables were reassessed
after 6 months of replacement therapy. During the trial, subjects were instructed not to change

their diabetes drugs or lifestyle.




» Epidemiological studies show that high daily Mg intake is
predictive of a lower incidence of NIDDM.

« Poor intracellular Mg concentration are found in NIDDM and in
hypertensive patients.

* Daily Mg administration in NIDDM patients and in insulin
resistant patients restores infracellular Mg concentration and
conftributes to improves insulin sensitivity and glucose uptake.

1. Barbagallo M, et al. Role of magnesium in insulin action, diabetes and cardio-
metabolic syndrome X. Mol Aspects Med, 2003. 24(1-3): p. 39-52

2. Guerrero-Romero F, et al: Oral magnesium supplementation improves insulin
sensifivity in non-diabetic subjects with insulin resistance. A double-blind placebo- .
confrolled randomized ftrial. Diabetes Metab 2004;30:253-258 " “.
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High Dietary Magnesium Intake Is Associated with Low
Insulin Resistance in the Newfoundland Population

Farrell Cahill'®, Mariam Shahidi'”, Jennifer Shea', Danny Wadden', Wayne Gulliver', Edward Randell?,
Sudesh Vasdev’, Guang Sun’*

1 Division of Medicine, Facuity of Medicine, Memosiel Unhversity of Newfoundland, 5L John's, Canada, 2 Discipline of Laboratosy Medicine, Facuhy of Medicine, Memaosial
rnlymrs: 1y of Newfoundland, 51, John's, Canada
Abstract

Background: Magnesium plays 2 role In glucose and insulin homeostasis and evidence suggests that magnesium intzake Is
associated with insulin resistance {IR). However, data is inconsistent and most studies have not adequately controlled for
critical canfounding factors.

Objective: The study investigated the association between magnesium intake and IR in normal-weight [NW), overweight
{OW) and obese (OB) along with pre- and post- menopausal women,

Desfgn: A total of 2295 subjects (590 men and 1705 women) were recruited from the CODING study. Dietary magnesium
intake was computed from the Willett Food Frequency Questionnaire (FFQ). Adiposity (NW, OW and OB) was classified by
body fat percentage (%BF) measured by Dual-energy X-ray absorptiometry asccording to the Bray criteria. Multiple
ragression analyses were used to test adiposity-specific associations of dietary magnesium intake on insulin resistance
adjusting for caloric intake, physical activity, medication use and menopausal status.

Bacsafter Crikinctc with tho hinhast infalbos ~f distscs mannaciiom had Hha lraiset lawale f FAemiilstine inenlin LEOWAA B and

“The results of this study indicate that higher dietary magnesium
intake is strongly associated with the attenuation of insulin
resistance and is more beneficial for overweight and obese
individuals in the general population and pre-menopausal
women. Moreover, the inverse correlation between insulin
resistance and dietary magnesium intake is stronger when N

adjusting for %BF than BMI.” ® O

I ® These authons contribuiad equally to ths work I ‘
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