


Fipronil

* A broad-spectrum phenylpyrazole insecticide

* Acts as a noncompetitive blocker of GABA-gated
chloride channels in the central nervous system

v/ Selective toxicity toward insect GABA receptors

* A widely used in many settings, including
agricultural, commercial, industrial, and residential
applications

v’ Approx. 10% of the global pesticide market

v/ A widespread environmental contaminant




Health effects of Fipronil

» Undesirable effects on non-target organisms and concern about the potential for
adverse health effects in humans

» Several in vitro and animal studies
v/ Cytotoxicity or cell death in human cell lines
v/ Disturbed behavior
v/ Thyroid, endocrine, or reproductive dysfunction in rats

* Human

v/ Acute poisoning -- headache, dizziness, sweating, nausea, vomiting, agitation, and
seizures

» Classification
v/ A possible human carcinogen (EPA)
v A Class Il moderately hazardous pesticide (WHO)



Fipronil-contaminated
eggs

* In 2017, fipronil-contaminated eggs were
distributed to several European and Asian
countries (i.e., Germany, Switzerland, France,
Hong Kong, and South Korea)

v/ Fipronil-contaminated eggs may have been
consumed for a long time before the discovery

v/ Exposure levels may have exceeded the threshold,
posing a threat to human health

* Limited human data regarding the distribution of
fipronil and its health effects after chronic

l exposure




Why in utero exposure is important?

* Most sensitive and vulnerable population

» Early life exposure can be programed and
affects health in offspring

 Limited data on risk assessment of How the
prenatal fipronil exposure first nine

months
shape
therest
of your life

The new science
of fetal origins
BY ANNIE MURPNHY PALL
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ARTICLEINFO ABSTRACT

Keywords: Fipronil is a highly effective insecticide with extensive usages; however, its distribution and toxic/health effects
Fipronil in the human population after chronic exposure have not yet been clearly identified. Our objectives were to

Fipronil sulfone

Birth cohort

Placentally transfer
Infantile health outcomes

determine the levels of serum fipronil and fipronil sulfone, a primary fipronil metabolite, in a general and
sensitive human population using a birth cohort of parent-infant triads in Korea. We further investigated
whether in utero exposure to fipronil and fipronil sulfone can affect health outcomes in newborn infants.

Blood and umbilical cord blood from 169 participants, 59 mother-neonate pairs and 51 matching biological
fathers, were collected; serum fipronil and fipronil sulfone (both blood and cord blood) and serum thyroid
hormones (cord blood) were measured. Demographic, physiological, behavioral, clinical, and socioeconomic
data for each participant were collected via a one-on-one interview and a questionnaire survey.

Fipronil sulfone was detected in the serum of mothers, fathers, and infantile cord blood, while fipronil itself
was not. Maternal fipronil sulfone levels were correlated to those of matched biological fathers and newborn
infants. Adjusted analyses identified significant associations between parental fipronil sulfone levels and
household income. Infantile fipronil sulfone levels were significantly associated with both maternal and paternal
levels as well as maternal pre-pregnant BMI. Furthermore, infantile fipronil sulfone levels were inversely as-
sociated with cord blood T3 and free T3 levels as well as 5-min Apgar scores of newborn infants.

Serum fipronil sulfone was detected in a specific population of mother-neonate pairs and their matched
biological fathers in a manner suggestive of regular exposure to fipronil among urban residents. The findings also
suggest that serum fipronil sulfone placentally transfers to the fetus and affects infantile adverse health out-

comes. This is a first of its kind study; therefore, future studies are warranted.

« Serum fipronil sulfone was detected in general and sensitive populations

« Fipronil sulfone placentally transfers to the fetus

* [n utero exposure to fipronil sulfone affects adverse health outcomes in newborns (i.e.,
Apgar score at 5 minutes and thyroid hormones’ levels)



Aim and hypothesis

« Key mechanisms underlying in utero fipronil exposure and thyroid dysfunction
IN newborns are unclear

* Environmental factors can regulate epigenetic marks as well as serve as
triggers for disease

¢’ In utero -- most crucial time when epigenetic factors are most important
and susceptible to change

v/ Use of epigenetics as biomarkers to better understand the early-stage
biological response and molecular mechanisms by which environmental
exposures to fipronil lead to thyroid dysfunction in newborns

* Hypothesis -- exposure to in utero fipronil will result in epigenetic alterations
that are associated with an increased risk of thyroid dysfunction and birth
outcomes in newborns



Epigenetic programming

» epi - Greek: “upon” or “above”

* 1942 - Conrad Waddington

v/ The branch of biology which studies
the causal interactions between
genes and their products, which
bring the phenotype into being

» Heritable, but reversible, changes
IN gene expression without DNA
sequence change.
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« Demographic, physiological, behavioral,
and socioeconomic data

* Fipronil exposure data

* Infantile birth outcomes and thyroid
hormone levels

39 Maternal Fipronil sulfone levels
in serum

miRNAs profiling in 39 placenta
RNASs (800miRNAs using Nanostring)

Thyroid hormones in cord blood
and birth outcomes in 39
newborns

Identification of specific miRNAs

)

Prediction of Target genes

)

Analysis of molecular network
and functional pathway




Table 1. Characteristics of the study population
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hsa-miR-13073p 0.664 0.000

‘hsa-mik-1203 0.663 0.000

hsa-miR9a1 0.663 0.000

hsa-miR3673p 0.663 0.000

hsa-miR-3613-3p 0.638 0.000

- - hsa-miR-3136-5p 0.634 0.000

Table 3. List of miRNAs hamiRd4103p o St
: : hsa-miR-4455 0.585 0.000
associated with maternal hsa-miR8733p T T
i i hsa-miR-346 0578 0.001
fipronil sulfone exposure e ——— B L
hsa-miR-19153p 0.563 0.000

hsa-miR-1306-3p 0.562 0.000

hsa-miR3293p 0.554 0.001

hsa-miR6563p 0.536 0.002

hsa-miR-128-1-5p 0.514 0.002

hsa-miR323a3p 0.475 0.006

hsa-miRs7s 0.442 0.011

hsa-miR-548g3p 0.435 0.009

hsa-miR6605p 0.428 0.015

hsa-miR-1973 0.423 0.012

hsa-miR-499a5p 0.414 0.013

hsa-miR-2185p 0.410 0.019

hsa-miR-638 0.406 0.019

hsa-miR-130a3p 0.377 0.026

hsa-miR5905p 0373 0.031

hsa-miR-4532 0.372 0.022

hsa-miR3635p 0.369 0.035

hsa-miR1-3p 0.365 0.037

hsa-miR-1255b-5p 0.356 0.034

hsa-miR-3180 0.355 0.047

hsa-miR-6055p 0.355 0.040

* MicroRNAs are arranged in descending order hsa-miR222:3p 0.3>4 0.048
based on beta values. hsa-miRs20e 0353 0037
hsa-miR-129-23p 0.352 0.042

* PBand p-value were obtained after adjustment for  |hsamir1433p 0.347 0.049
maternal age, parity, Pre-pregnant BMI, and ‘hsa-miR-1885p 0.344 0.035
house-hold income. ‘hsa-miR-513¢5p 0.342 0.037
hsa-miR-4526 0.342 0.047
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Disease Ontology Enrichment
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THYROID HORMONE SYNTHESIS
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Summary

* In utero exposure to fipronil affects the decrement of thyroid hormones (T3 and
Free T3) in the cord blood of newborns

» Upregulation of miR1-3p and miR 218-5p acts as a significant contributor to
Free T3 decrease in newborns by prenatal exposure to fipronil

* Both miR1-3p and miR218-5p share 124 target genes, which interact
GABAergic synapse pathway and Thyroid secretion pathway

» Our results suggest that epigenetic biomarkers for prenatal fipronil exposure
and thyroid dysfunction provide mechanistic data to explain the Free T3
decrease in newborns in response to early-life fipronil exposure

v/ Further studies into the potential for miRNAs as informative biomarkers using a larger
sample size are warranted.
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