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Biphenyls naturally >
existin: A

e coaltar,
* crude oil,

* and natural gas

* PCBs = Polychlorinated biphenyls
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* The number and position of chlorine
atoms create different congeners
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Dioxin-like PCBs

* 12congeners

* Noortho(2,2',6,6') chlorines

* Structure is coplanar (flat)

* Actslike dioxins (binds AhR receptor)

* Alter CYP/drug metabolizing enzyme expression

* Associated with immunotoxicity

Non-dioxin-like PCBs

* Contains ortho chlorines (2,2')

* Structure is non-coplanar (twisted)

* Does not act like dioxins

* Common in food chain with varying toxicity

* Indicator congeners: 28, 52, 101, 138, 153, 180
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<A ) PCB history: production regulation, and exposure
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« first commercial PCB production in Anniston e US bans all domestic njan.ufacturing of PCBs.
e Monsanto launches mass manufacturing e Stockholm Convention: POPs phase out
1865 - 1881 1966 2004
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1929 - 1935 1979-2001
e First chlorinated bip-henyl synthesized Séren Jensen discovers widespread Stockholm Convention
e Early laboratory synthesis of a PCB compound PCB bioaccumulation in wildlife onters into force
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PCB history: production regulation, and exposure

« first commercial PCB production in Anniston * US bans all domestic manufacturing of PCBs.

« Monsanto launches mass manufacturing * Stockholm Convention: POPs phase out

1865 - 1881 1966 2004
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l 1929 - 1935 1979-2001
* First chlorinated biphenyl synthesized Séren Jensen discovers widespread Stockholm Convention
* Early laboratory synthesis of a PCB compound PCB bioaccumulation in wildlife enters into force

Food contamination revealed the human cost

O Yusho incident in Japan poisons thousands Yu-Cheng incident in Taiwan causes mass

1968 via PCB-contaminated rice oil. 1970s poisoning from contaminated cooking oil.

1999 ‘ ' Dioxin Affair in Belgium contaminates livestock
feed with PCBs, sparking global recalls
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Why were PCBs used in so many products? <A&

XpPosE
PROPERTY HISTORICAL APPLICATION
Electrical insulation > Transformers and capacitors
High boiling point > Heat transfer fluids
Low flammability > Hydraulic fluids
Plasticizing ability > Paints and sealants

*Some of the properties that made PCBs useful also contribute to their persistence after release.
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Older equipment and buildings Contaminated soil and sediments Food chain
® & ®

Where can PCBs still be found?

* US EPA,WHO/IPCS, Environmental health Criteria 140 :— I 6



S

PCBs environmental fate <&
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BIOMAGNIFICATION

Higher concentrations at successive feeding levels

Build-up within one organism over time

PCBs environmental degradation half-lives:

* Weeks in the air
* Decadesto over 100 years in soil, water, and sediment

depending on degree of chlorination
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PCBs environmental fate <&
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BIOACCUMULATION BIOMAGNIFICATION

Build-up within one organism over time Higher concentrations at successive feeding levels




Main dietary sources of PCBs

Fish and seafood Meat Milk and dairy Eggs

Dietary contribution depends on PCB levels in food and the amount of consumption

European monitoring programs measure PCB levels in food.
EFSA brings these results together with food-consumption
data to estimate dietary exposure.

* EFSA assessment of PCBs in food !— I 9




Absorption, distribution, metabolism, excretion of PCBs in human body

Exposure routs:
e Diet
e Respiratory
e Dermal

. N
Absorption
G . . o . )
Absorbing in Dissolvingin > Entering
g jejunum T mixed micelles lymphatic system
"~ 4
Distribution
7 v R
Transporting to Partitioning Transporting to
a“ tissues via D — through HDL, ...................... liver and fatty
bloodstream LDL, or VLDL tissue
P B »| e Adipose tissue* e Kidney
S o Liver* : * Placenta
g . e Brain e Umbilical cord blood
Accurpulatlon in e Skin e Breast milk in mothers
LR * Muscle *Main sites of storage
o J
g Metabolism
4 )
Hydroxylated Hicaronides sulfate Methylsulfonyl
metabolites g conjugates metabolites
L °F ]
Half-life of PCB parents and metabolites ranges from 3 days and 100 years in human body.
e Excretion
e N
Feces Urine Lactation
85-95% 1-5% 10-20%
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Affected physiological pathways by PCBs

Endocrine Disruption

Altered hormone

Impaired insulin

.
»

iqnali : secretion
POPs+hormone signaling Pancreatic p-cell
receptors dysfunction Hyperglycemia
Immune Dysfunction
£ Altered Cytokine .@

4 —— 'l — ®;
Activate AHR and/or alter Production : : impaired immune
cytokine gene expression 5 : Chronic low-grade surveillance

- IL-10 : inflammation
CTGRR T
- Oxidative Stress
Ant;. i
Okfdf:l’ﬁ s p-DNA / Protein damage —p Inflammation

> 0. Activation of redox—% NF«B : ‘

Cellular redox imbalance: Ea..‘....»sensitiv\c.- transcription
= Glutathione depletion factors
« Lipid peroxidation H Nrf2

TLDL oxidation
LHDL oxidation —=———p
protection

—p  Apoptosis

i —p Senescence

Generating reactive
oxygen species

worsening
atherosclerosis

Other Pathways

Lipid Metabolism Dysregulation Mitochondrial Dysfunction Gut Microbiota Dysbiosis

Heart failure

( )

L Dyslipidemia J

Metabolic
Syndrome

Thyroid

dysfunction
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Non-cardiometabolic
outcomes

ﬁ_*

A |

Ill



'v/_\>

<A ) Project 5-XPOSE DTU work-packages
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WPO0O0 | Review of the topic WPO01 | Obesity as a mediator
What do we know about the role of diet Does obesity partly explain the PCB-
in PCBs and T2D relationship? T2D association?
Literature synthesis EPIC cohort (using EFSA contamination data)
WPO02 | Diet as an effect modifier WPO03 | Effect of pollutant mixtures
Does diet change the strength of this How is exposure to mixture of
association? pollutants associated with T2D risk?
EPIC cohort (using EFSA contamination data) E3N cohort (ANSES contamination data)

WPO04 | Management, Training, and Dissemination

PCB, Polychlorinated Biphenyls; T2D, Type 2 diabetes; EPIC, European Prospective Investigation into Cancer and Nutrition; E3N, Etude Epidémiologique aupres de femmes de la Mutuelle Générale de l'Education Nationale; EFSA, European Food Safety Authorities; I_ 12
ANSES, Administracién Nacional de la Seguridad Social 1




(A ) Obesity as a mediator in PCB-T2D relationship - Materials

TN )y
Wefsam EFSA food contamination data
Measured contaminants including

XPO;E
International Agency for Research on Cancer  EPIC cohort:
Dietary data from 500.000 participants
PCBs in food items

(7, World Health
WE®9Y Organization )
from 10 European countries
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Exposure variables

)

fEstimated daily PCB intake (pg/day)
(Daily food consumption (%)) X (Median PCB concentration in food(

foods

Other variables in EPIC:
*  Smoking * Medical history
e Socioeconomic status

Anthropometry measures
Physical activity * Blood samples
|H 13
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e Age
* Dietary pattern .




Study population

EPIC cohort from 10 countries
521,000

Y

EPIC cohort of seven countries
401,740

¥

Participants from Greece,
Sweden, and Norway
119,260*

v

Exclusion of participants with
missing exposure data
395,440

L

Participants with missing
exposure data
6300

k4

Exclusion of participants with
no follow up
281,066

v

Participants with missing
outcome data or no follow-up
114,374

v

Exclusion of participants with
prevalent T2D
272,427

v
Y

Participants with prevalent
T2D
8,639

v

Participants included for the
study
267,365

T . T . T

¥

Participants with extreme
energy intake
5,062

*participants form these countries were excluded from the cohort due to GDPR regulations of the countries
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Obesity as a mediator in PCB-T2D relationship - Method
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Exposure contrast

25th 75th
percentile percentile

| A

AN

NDL-PCBs

Km 1.45 - 12.7 pg/day) /

Pathway

-
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. -
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Evaluating BMI, WC, WHR,
and BSA (markers of
obesity) as mediators in

k PCB-T2D relationship./

Adjustments

L) o~ O

k) r=

()

0
()

Age, sex, center, and other
relevant confounders

Estimations

Total effect

Direct effect

Indirect effect

With 95% confidence
intervals and 1000
bootstraps
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Mediation literature

'v/\>

Natural direct effect (NDE)

[ BMI/WC/BSA

\
J

NDL-PCB

Natural indirect effect (NIDE)

BMI/WC/BSA

Confounders set

2D NDL-PCB

X

<;N

Total effect (TE)

* No adjustment for mediator

BMI/WC/BSA

T2D

Confounders set

NDL-PCB > 12D

Confounders set

L] 6
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Take home message <&
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0 1 I PCBs; banned from use. Still in the food chain. Still a health question.

O 2 I Higher estimated dietary PCBs exposure was associated with higher BMI| and greater T2D
risk.

O 3 Obesity markers account for part of the observed PCB—T2D association. Other pathways may
also be involved.

* The observed associations warrant further study; they do not establish that PCBs cause T2D.

TYPE 2 DIABETES L
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  Estimated daily PCB intake (pg/day)
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