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Abstract

Environmental exposure to polycyclic aromatic hydrocarbons (PAH) has been shown to be
associated with chronic disease outcomes through multiple mechanisms including altered
regulation of the transcription factor peroxisome proliferator-activated receptor gamma (Ppar) y.
Because PAH exposure and Ppary each have been associated with mammary cancer, we asked
whether PAH would induce altered regulation of Ppary in mammary tissue, and whether this
association may underlie the association between PAH and mammary cancer. Pregnant mice were
exposed to aerosolized PAH at proportions that mimic equivalent human exposures in New York
City air. We hypothesized that prenatal PAH exposure would alter Apary DNA methylation and
gene expression and induce the epithelial to mesenchymal transition (EMT) in mammary tissue
of offspring (F1) and grandoffspring (F2) mice. We also hypothesized that altered regulation of
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Ppary in mammary tissue would associate with biomarkers of EMT, and examined associations
with whole body weight. We found that prenatal PAH exposure lowered Ppary mammary tissue
methylation among grandoffspring mice at postnatal day (PND) 28. However, PAH exposure did
not associate with altered Ppary gene expression or consistently with biomarkers of EMT. Finally,
lower Ppary methylation, but not gene expression, was associated with higher body weight among
offspring and grandoffspring mice at PND28 and PNDG60. Findings suggest additional evidence
of multi-generational adverse epigenetic effects of prenatal PAH exposure among grandoffspring
mice.

Keywords

polycyclic aromatic hydrocarbons; prenatal exposure; mammary cancer; peroxisome proliferator-
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1 Introduction:

Exposure to polycyclic aromatic hydrocarbon (PAH) air pollutants has been associated with
the development of both obesity(Rundle et al., 2012; Rundle et al., 2019; Yan et al., 2014)
and breast cancer.(Gammon et al., 2002; Rundle et al., 2000; Sahay et al., 2019; Shen et

al., 2017; White et al., 2014) While the mechanisms remain unclear, exposure to PAH has
been shown to alter gene expression of the master regulator of adipogenesis peroxisome
proliferator-activated receptor (Ppar) y through direct ligand binding and through activation
of the aryl hydrocarbon receptor (AhR).(Podechard et al., 2009; Yun et al., 2017) Previously,
we have shown that the link between PAH exposure and obesity may occur through altered
regulation of Apary in adipose tissue.(Yan et al., 2014) Whether this pathway may relate

to breast cancer risk still needs to elucidated, as both the relationship between body weight
and breast cancer risk, and between altered Ppary regulation and cancer, remain complex.
(Kotta-Loizou et al., 2012; Yun et al., 2018) For example, higher body weight has been
shown to be either a protective factor or an adverse risk factor for breast cancer depending
on the menopausal status and disease subtype.(Naik et al., 2019; Picon-Ruiz et al., 2017)
Also, the presence of breast adiposity has been shown to lower the risk of developing

breast cancer among pre- and post-menopausal women.(Pettersson et al., 2014; Soguel et
al., 2017) Ppary expression also has been found to be upregulated(Kotta-Loizou et al.,
2012) and downregulated(Jiang et al., 2003) in breast tumors. Further, /n vitro studies

have demonstrated that Ppary expression promotes(Ansari et al., 2022; Si et al., 2020) and
inhibits(Xu et al., 2021) the epithelial to mesenchymal transition (EMT) in breast cancer cell
lines.

Prenatal exposure to PAH may occur during a time period responsible for a higher risk

of cancer subsequently in postnatal life. (Baur et al., 2021; Ekbom et al., 1992; Kehm
etal., 2021; Sanderson et al., 1996; Weiss et al., 1997) The prenatal period, along with
the pubertal, pregnancy, and menopause life stages, are times of heightened sensitivity to
environmental exposures because they are characterized by breast tissue development and
change.(Terry et al., 2019) Experimental and epidemiological studies have demonstrated
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the importance of environmental exposures specifically during the prenatal period to the
development of breast cancer during subsequent adulthood.(Sahay et al., 2021; Terry et al.,
2019) For example, in a population-based case-control study in western New York State,
compared to postmenopausal women without breast cancer, postmenopausal women with
breast cancer had 2.42 the odds of exposure to the highest concentrations of total suspended
particles at birth, which were used as a proxy for PAH exposure.(Bonner et al., 2005) Also,
newborn benzo[a]pyrene-DNA adducts levels have been found to be similar to that of the
mothers, even though the transplacental dose of PAH to the fetus was 10 times lower than
the delivered exposure to the mother.(Perera et al., 2005) This latter finding suggests that
during the prenatal period, the susceptibility to PAH induced DNA damage could be much
greater for the fetus than for the mother.

We asked whether a link between prenatal airborne PAH exposure and mammary cancer
also may occur through altered regulation of APpary methylation and expression in mammary
tissue. Our approach was to focus on the neoplastic biomarker of the EMT as a clinically
relevant outcome.(Buyuk et al., 2022; Papadaki et al., 2019) EMT has been shown to
precede tumor formation in mouse models of mammary cancer(Ye et al., 2015) and
specifically in atypical ductal hyperplasia,(Hisemann et al., 2008) a precancerous lesion.
Here, the effects of prenatal PAH exposure on mammary Ppary gene regulation and on
EMT were measured following aerosolized exposures of PAH to mice at levels that mimic
ambient conditions in New York City.(Rundle et al., 2012) We hypothesized that prenatal
PAH exposure would lower Ppary methylation and raise Ppary gene expression as well as
induce EMT in mammary tissue of offspring and grandoffspring mice during the prepubertal
(postnatal day (PND) 28) and adult premenopausal (PND 60) age periods.(Silver, 1995)
Secondarily, we hypothesized that altered Ppary regulation in mammary tissue would
associate with biomarkers of EMT in offspring and grandoffspring mice. We explored
whether these latter relationships would strengthen following prenatal PAH exposure or
differ by whole body weight.

2 Materials and Methods:

2.1 Animals

BALB/cByj female mice (Charles River Laboratories) were housed at Columbia University
Irving Medical Center in a temperature, humidity and light controlled environment with ad
libitum access to water and a phytoestrogen-free diet (D16020901 containing 22 kcal% fat
and 23 kcal% protein, Research Diets, New Brunswick, NJ).(Sahay et al., 2021; Yan et al.,
2014) Following at least 8-10 days of acclimatization, mice were mated. Offspring mice
were allowed to wean until PND21. Males were sacrificed on PND21. Female offspring
and grandoffspring mice were weighed individually at PND28 and PND60 as previously
described.(Yan et al., 2014) Animal experiments were carried out in strict accordance with
the principles and procedures of the National Research Council’s Guide for the Care and
Use of Laboratory Animals and institutional guidelines.
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2.2 PAH exposure

Exposure of the female dams to the PAH mixture was delivered through a customized
chamber as developed by the Lovelace Respiratory Research Institute.(Chu et al.,

2013; Miller et al., 2016; Sahay et al., 2021; Yan et al., 2014) The control

aerosol consisted of 99.97% purified water, 0.02% Tween 80 and 0.01% antifoam
(Sigma-Aldrich, St. Louis, MO). The mixed PAH solution had a concentration

of 7.29 ng/m?3 (3.69 ng/m3 pyrene, plus 3.60 ng/m3 from 8 other individual

PAH (benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene and indeno(1,2,3,-CD)pyrene). The
levels were intended to replicate the proportions of individual PAH that was measured
among a cohort of NYC women participating in the Columbia Center for Children’s
Environmental Health birth cohort using personal air sampling devices.(Perera et al., 2003;
Yan et al., 2014) The aerosol was delivered beginning on gestational day (GD) 1-3 through
GD 19-21 or until day of delivery for five hours a day, five days a week as described.(Chu et
al., 2013; Yan et al., 2014)

2.3 Tissue dissection and immunohistochemistry

Immediately following euthanization via CO, inhalation, mammary glands were

removed using a dissection microscope, fixed in formalin, and embedded in paraffin.
Immunohistochemistry (IHC) was performed using the Ventana Discovery Ultra instrument
(Roche). This system allows for automated baking, deparaffinization and cell conditioning.
(Basu et al., 2020) We focused on E-cadherin, a cell-cell adhesion molecule that is
silenced by Snail, Slug, Twist, and ZEB1/2, the primary transcription factors involved in
the regulation of epithelial and mesenchymal genes,(Wang, Zhou, 2013) as a biomarker

of the epithelial state. We also focused on vimentin, a filament protein that promotes

cell motility,(Battaglia et al., 2018) as a biomarker of the mesenchymal state. Staining

was performed using anti-E-cadherin (1:500 dilution, Abcam, Cambridge, UK) and anti-
vimentin (1:500 dilution, Abcam, Cambridge, UK) antibodies for 60 min. Secondary
antibody Discovery OMNIMap anti-mouse-HRP (Roche) was used and the brown signal
was obtained using the Discovery ChromoMap 3, 3’-diaminobenzidine (DAB) kit (Roche).
Tissues were counterstained with hematoxylin in blue to visualize the nuclei. The percent
of cells stained by DAB was assessed using the positive cell detection classifier function

in Qupath(Baranova et al., 2021) in six random images per mouse. For 5 of the 33 mice
(randomly selected) for which IHC was performed, a second masked reader annotated the
mammary glands and used the positive cell detection classifier function. The intra-class
correlation assessed agreement between readers as 0.99.

2.4 RNA extraction and quantitative RT PCR

RNA was extracted from mammary gland tissue using the RNeasy mini kit (Qiagen
Sciences, Germantown, Maryland, USA). RNA concentration and purity were measured
using a NanoDrop spectrophotometer (Thermo Scientific, Wilmington, DE, USA). 200 ng of
RNA was transcribed using the iScript™ cDNA synthesis kit (Biorad, Hercules, CA, USA).
Quantitative real-time PCR was performed using a 25-ul reaction volume containing 2 pl
cDNA, 12.5 ul SYBR Green Mix (Biorad, Hercules, CA, USA), 9.5 ul H20, and 1 pl of
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forward and reverse primer for Apary, vimentin, and E-cadherin (Supplemental table 1).
Amplifications were performed in duplicate with an initial incubation at 95 °C for 30 s,
followed by 40 cycles of 95 °C for 10 s and 60 °C for 30 s, using a CFX Connect Real-Time
PCR Detection System (Bio-Rad, Hercules, CA, USA). Duplicate samples were run together
on the same plate. If the difference between duplicate samples exceeded 2 quantification
cycle values, the sample was reanalyzed. Following amplification, a melt curve was used
with 5 seconds each at increments of 0.5°C between 65°C and 95°C to confirm amplicon
specificity. To minimize batch effects, samples from the control and exposure groups were
run in equal proportions on cDNA synthesis and RT PCR plates.

2.5 DNA isolation and pyrosequencing

DNA was isolated from mammary gland tissue using the PureLink™ Genomic DNA Mini
Kit (Invitrogen, Waltham, Massachusetts, USA). Genomic DNA concentration and purity
were measured using the NanoDrop spectrophotometer. Pooled mammary tissue DNA from
mice in the experiment that were not included in this study was incubated with M.Sssl

CpG methyltransferase enzyme to create methylated control DNA (New England Biolabs,
Ipswich, MA, USA). To create unmethylated control DNA, the REPLI-g Mini Kit (Qiagen
Sciences, Germantown, Maryland, USA) was used to perform whole genome amplification
of pooled mammary DNA, a process that causes the product to lose DNA methylation. 200
ng of DNA was bisulfite converted using the EZ DNA Methylation-Lightning Kit (Zymo
Research, Orange, CA, USA). PCR and pyrosequencing primers (Supplemental Table 2)
were designed using PyroMark Assay Design 2.0 software (Qiagen, Valencia, CA, USA).
Three CpG sites (CpG-189, CpG-205, and CpG-241) in the promoter region of the Ppary
gene were analyzed based on previous reports.(Fujiki et al., 2009; Kamstra et al., 2014) PCR
was performed with Qiagen Hot Star Tag DNA polymerase (Qiagen Sciences, Germantown,
MD, USA) with the following concentrations: 1x PCR buffer, 1.5 uM MgCl,, 200 uM
dNTP, 0.2 uM forward primer, and 0.2 uM reverse primer. The PCR was performed under
the following conditions: 94 °C, 15 min; 45 cycles of 94 °C, 30 s; 56 °C, 30 s; 72 °C, 30's;
72 °C, 5 min; and 4 °C hold. The PCR product was sequenced using the PyroMark Q96 MD.
The PCR and pyrosequencing experiments were run with the methylated and unmethylated
control DNA and a water blank. Samples from the control and exposure groups were run

in equal proportions across bisulfite conversion, PCR, and pyrosequencing experiments to
minimize batch effects.

2.6 Statistical analysis

Linear regression and t tests were used to assess for an association between PAH exposure
and Ppary promoter methylation and gene expression and vimentin and E-cadherin protein
expression. Linear regression also was performed to assess whether Ppary methylation or
expression levels associated with vimentin and E-cadherin protein expression or with body
weight. The latter analysis was repeated following stratification by PAH exposure group.
Values of p<0.05 were considered statistically significant. All analyses were performed
using IBM SPSS Statistics 24. Graphs were generated using the GraphPad Prism 9 software.
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3 Results:

We asked whether prenatal PAH exposure would alter epigenetic regulation in the Ppary
promoter region in mammary tissue of female offspring and grandoffspring mice at both a
mouse adolescent (PND28) and premenopausal (PND 60) time period. We found that PAH
exposure lowered Ppary methylation at CpG-189 and to a borderline extent at CpG-241
among grandoffspring mice at PND28 (Figure 1). However, PAH exposure did not alter
methylation in the mammary glands of grandoffspring mice at PND60 nor among offspring
mice at either time point (Figure 1 and Table 1). We also did not observe differences in
mean Ppary methylation between exposed and unexposed offspring mice at either timepoint
and grandoffspring mice at PNDG60 in t test analyses. In contrast to our hypothesis, PAH
exposure did not affect corresponding Ppary relative gene expression in mammary tissue

of grandoffspring mice at PND60 or offspring mice at either timepoint (Table 1). Ppary
methylation also did not correlate with Ppary gene expression at any generation or timepoint
(data not shown).

We predicted that in the mammary tissue of mice exposed to PAH, the mesenchymal
marker vimentin would be upregulated.(Shin et al., 2006) The epithelial marker E-cadherin
could have been downregulated or upregulated, reflecting either a complete mesenchymal
transition or a hybrid epithelial/mesenchymal state, that has been shown to occur in
embryonic development and in circulating tumor cells of patients with breast cancer.
(Armstrong et al., 2011; Nieto, 2013) However, we did not find an association between
PAH exposure and vimentin or E-cadherin gene or protein expression (Tables 2,3).

Moreover, because Ppary has been shown to be involved in tumorigenesis,(Lee et al., 2019)
we next examined its association with biomarkers of EMT. Ppary methylation at CpG-205
was associated with higher vimentin protein expression among offspring and grandoffspring
mice at PND60 (B coefficient 0.36, 95% CI 0.04, 2.99, p = 0.05, n = 37) and among
grandoffspring mice at PND60 at CpG-189 (B coefficient 0.53, 95% CI 0.06, 3.13, p = 0.04,
n =16) and CpG-241 (B coefficient 0.53, 95% CI 0.08, 3.50, p = 0.04, n = 16). Ppary
methylation was associated with higher E-cadherin gene expression among offspring mice at
PND28 at CpG-241 (B coefficient 0.51, 95% CI 0.01, 0.40, p = 0.04, n = 17) and offspring
and grandoffspring mice at PND28 and PNDG60 at CpG-205 (B coefficient 0.24, 95% Cl
0.00, 0.17, p = 0.05, n = 68), and CpG-241 (B coefficient 0.29, 95% CI 0.02, 0.24, p = 0.02,
n = 68). Despite the positive association between Ppary methylation and vimentin protein
expression, and in line with our hypothesis, Apary gene expression also was associated with
higher vimentin gene expression among offspring mice at PND28 (B coefficient 0.54, 95%
Cl10.22,2.77, p = 0.02, n = 17) and among offspring and grandoffspring mice at PND28 and
PND60 (B coefficient 0.27, 95% CI 0.10, 1.33, p = 0.02, n = 68).

Our group previously observed that lower Ppary methylation in white and brown adipose
tissue was associated with higher body weight among offspring and grandoffspring mice
at PNDG60.(Yan et al., 2014) We sought to explore whether similar altered regulation
would occur in mouse mammary tissue, also composed of brown and white adipose tissue,
at PND28 and 60. (Colleluori et al., 2021) We found here that lower Ppary mammary
methylation at CpG-189, —205, and —241 was associated with higher body weight among
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offspring and grandoffspring mice at PND28 and 60 (CpG-189: B coefficient -0.29, 95%
Cl -0.16, —0.02, p = 0.02; CpG-205: B coefficient —0.29, 95% CI —0.19, -0.02, p =

0.02; CpG-241: B coefficient —0.28, 95% CI —0.25, —-0.02, p = 0.02, n = 68). Contrary

to our past findings of an association between PAH exposure and body weight,(Yan et al.,
2014) comparable relationships were not detected in these models except that higher Ppary
methylation at CpG-205 was associated with higher body weight among grandoffspring
mice at PND28 in the absence of PAH exposure (control exposure group B coefficient 0.65,
95% CI 0.00, 0.07, p = 0.04, n = 14). Also contrary to our hypothesis, the association
between Ppary gene expression and body weight became significant among offspring mice
at both age points in the absence of PAH exposure (control mice: F1 PND28: B coefficient
0.82, 95% CI 0.05, 0.49, p = 0.03, n = 7; F1 PND60 B coefficient 0.72, 95% CI 0.29, 2.52, p
=0.02, n = 10).

4 Discussion:

We found that higher PAH exposure was associated with lower Ppary methylation in
mammary tissue among grandoffspring mice at PND28. This finding occurred in the absence
of differences in Ppary gene expression or consistent expression of biomarkers of EMT.
Lower Ppary methylation in the mammary tissue but not altered gene expression, was
associated with higher body weight across two generations of mice. Prenatal exposure to
PAH did not alter this relationship.

Epigenetic regulation of Ppary, as for other genes, is known to be tissue specific.(Long
et al., 2016) Accordingly, our finding of altered epigenetic regulation of Fpary following
prenatal PAH exposure in the mammary tissue among young offspring mice is novel.
Interestingly, we observed altered epigenetic regulation of Ppary among grandoffspring
mice at the younger PND28 and not the older PND60 timepoint. PND28 represents the
prepubescent adolescent life stage and PND60 represents the adult life stage prior to
reproductive senescence.(Silver, 1995) Previous studies have demonstrated altered Ppary
promoter methylation in mice and rats in both the prepubertal(Gong et al., 2015) and
adult(Yan et al., 2014) life stages in response to perinatal and prenatal environmental
exposures. While methylation can induce stable alterations,(Ladd-Acosta, Fallin, 2019) our
study design allowed us to ascertain that the effects of PAH on mammary methylation of
Ppary may not endure during adult mouse aging.(Mulder et al., 2021)

Interestingly, while the offspring mice were exposed to PAH /n utero and the grandoffspring
mice as germ cells of the offspring mice,(Xin et al., 2015) we observed altered epigenetic
regulation of Apary in the grandoffspring generation only. Rodent studies have demonstrated
that exposure to a variety of environmental chemicals can induce changes in DNA
methylation in germ cells of prenatally exposed animals.(Pacchierotti, Spand, 2015) While
some timing and routes of exposure and some environmental toxicants have shown stronger
effects on DNA methylation in the somatic cells of prenatally exposed animals,(Stouder

et al., 2011) others have shown stronger effects in germ cells.(Somm et al., 2013) The
periods of epigenomic reprogramming have been proposed as windows of susceptibility for
environmental exposures and may affect the somatic and germ cells of offspring differently.
(Pilsner et al., 2017) The first period of epigenomic reprogramming occurs in all cells of the
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embryo prior to implantation and the second occurs in primordial germ cells only.(Pilsner
etal., 2017) As a result, exposure during the first reprogramming period may affect DNA

methylation in somatic and germ cells equally, whereas exposure during the second period
may only affect DNA methylation in germ cells.

The finding of lowered Apary methylation among grandoffspring mice at PND28 in the
absence of a change in gene expression is contrary to findings from our group(Yan et

al., 2014) and others(Chiu et al., 2021; Motawi et al., 2017) that have demonstrated that
methylation is an important regulator of Ppary gene transcription. In our previous mouse
model of prenatal PAH exposure, we used the same model of exposure but looked at
Ppary methylation and expression in adipose tissue, as opposed to in mammary tissue.(Yan
et al., 2014) It is possible that prenatal PAH exposure may affect Ppary expression in
adipose tissue differently than in mammary tissue, in line with the primary role of Ppary
in regulating adipogenesis.(Lee et al., 2019) Additionally, other CpG sites in the Ppary
promoter region may be more important in determining Ppary expression than the CpG sites
measured here. For instance, in our previous study, we observed lower FPpary methylation
at CpG-303 and CpG-195, but not CpG-189, at PNDG60 in adipose tissue of offspring

and grandoffspring mice that were prenatally exposed to PAH. (Yan et al., 2014) In both
studies, we did not observe a change in Ppary methylation at CpG-189 among offspring

or grandoffspring mice at PND60, although here we found lower methylation at CpG-189
among grandoffspring mice at PND28, a timepoint that was not measured in the previous
study. Alternately, the discordance may be explained by pre- and post-transcriptional
regulation of Apary gene expression in mammary tissue not measured here.(Lee et al.,
2019) For instance, DNA hydroxymethylation was not measured but may have exerted
oppositional effects on transcription.(Paluch et al., 2016) Another possibility is that silencing
microRNAs (miRNAs), such as miRNAs 27b, 130b, and 138 that previously have been
shown to lower Ppary gene and protein expression, may have exerted unmeasured effects.
(Motawi et al., 2017)

The absence of an association between prenatal PAH exposure and markers of EMT in
mammary tissue may indicate that the altered methylation measured here was insufficient

to drive the expression of EMT genes and proteins. Alternately, the prenatal PAH exposure,
possibly as a result of the timing or insufficient dose of exposure, may not induce EMT in
offspring and grandoffspring mice. Future studies that use a higher dose of exposure and that
examine DNA methylation changes at more of the CpG sites in the Ppary promoter region
may be able to fill in that research gap. Although an association between PAH exposure and
markers of EMT was absent, we observed select associations between Apary and biomarkers
of EMT. To our knowledge, the regulation of EMT by Ppary in mammary cells has only
been studied previously /n vitro. These studies demonstrated that Ppary gene expression
was necessary both to promote(Ansari et al., 2022; Si et al., 2020) and inhibit(Xu et al.,
2021) EMT in breast cancer cell lines. Our novel /n vivo findings were similarly contrasting.
Ppary has been shown to have pro-tumorigenic(Knower et al., 2013) and antineoplastic
effects,(Apostoli et al., 2014) possibly based on the cell compartment in which Ppary is
expressed.(Avena et al., 2013) In a xenograft model, Ppary expression in breast cancer cells
inhibited tumor growth, whereas Ppary expression in stromal cells promoted tumor growth.
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(Avena et al., 2013) More studies are needed to understand how Fpary expression affects
premalignant tissue.

Our finding of a relationship between lower Ppary methylation and higher body weight is
in line with studies that have found that the action of Ppary in promoting adipogenesis is
strongly regulated by epigenetic modification.(Motawi et al., 2017; Volberg et al., 2017)
The explanation for the absence of an effect on mammary Ppary gene transcription still
needs to be elucidated, and similarly may indicate other forms of transcriptional regulation
(Motawi et al., 2017; Paluch et al., 2016) or small effect sizes with low statistical power.
An additional limitation of the study is that we had low statistical power to determine
whether associations between Ppary methylation and gene expression and body weight was
strengthened following PAH exposure. It is possible that our relatively small sample sizes
did not allow us to detect PAH induced small changes in Ppary methylation and gene
expression, and resulting changes in biomarkers of EMT, that we may have been able to
detect with larger sample sizes. While our findings may indicate a lack of association, they
also may indicate that our study lacked power to detect a true effect of PAH exposure.

We also only examined female offspring and grandoffspring mice, and previous research
suggests that the PAH effect on body weight may be more pronounced in males.(Kehm

et al., 2021) We also acknowledge that EMT was not measured directly, and we relied on
biomarkers of unproven robustness in this mouse model. Another limitation of the study is
that we only examined 3 CpG sites in the Ppary promoter region.

A strength of our study is that we investigated PAH exposure during the prenatal period
when the risk induced by environmental exposures on subsequent offspring breast cancer
may be heightened.(Terry et al., 2019) A second strength of our study was the physiological
and airborne delivery of PAH at concentrations measured in urban air,(Chu et al., 2013;
Rundle et al., 2012; Sahay et al., 2021; Yan et al., 2014) in attempt to replicate real world
conditions.

5 Conclusions:

In conclusion, this study provides evidence that PAH exposure lowers Ppary methylation in
mammary tissue among grandoffspring of mice exposed to PAH during pregnancy. However,
there was no evidence of an association between PAH exposure and Fpary gene expression.
Ppary did associate inconsistently with markers of EMT and with higher body weight
suggesting other potential clinically relevant outcomes. Overall, these results suggest some
multigenerational epigenetic effects of PAH exposure. Further studies may be warranted to
understand the full clinical consequences and underlying mechanisms of PAH exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. Prenatal PAH exposure lowered Ppary methylation among grandoffspring
mice
. Lower Ppary promoter methylation associated with higher body weight
. PAH exposure did not associate with altered Ppary gene expression
. Evidence of multi-generational adverse epigenetic effects of prenatal PAH
exposure
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Figure 1.
Prenatal PAH exposure lowered Ppary methylation among grandoffspring (F2) mice at

PND28, but not among offspring (F1) mice at PND28. Percent CpG methylation in
mammary tissue of three sites (CpG-189, CpG-205, and CpG-241) in the Fpary promoter
region are shown following control (open circles) and PAH exposure (open squares) among
F1 PND28 (control n = 7; PAH n = 10) and F2 mice at PND28 (control n = 10; PAH n = 10).
Mean and 95% confidence intervals are marked. The p values for the association between
prenatal PAH exposure and Ppary methylation are shown for significant and borderline
significant associations. Analyses were performed by t test. Abbreviations: PND: postnatal
day, F1: first generation offspring, F2: second generation offspring.
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Table 1.

Prenatal PAH is not associated with altered Ppary relative gene expression among offspring (F1),
grandoffspring (F2) mice, nor with Ppary promoter methylation among offspring, grandoffspring mice at

PND60. The B coefficient, 95% confidence intervals, and p values for the association between prenatal PAH
exposure and Ppary promoter methylation and relative gene expression are shown. Analyses were performed

by linear regression. The linear regression analyses among mice at PND28 were not significant (data not

Page 17

shown).
Ppary relative gene :
expression Ppary methylation
Generation + Sample
Timepoint Size CpG-189 CpG-205 CpG-241
B Coefficient P B Coefficient P B Coefficient P B Coefficient P
(95% CI) value (95% ClI) value (95% ClI) value (95% CI) value
0.01 (-0.53, 0.38 (-1.22, 0.36 (-1.40, 0.25 (-2.20,
F1 PND60 21 0.56) 0.95 14.26) 0.09 12.03) 0.11 7.44) 0.27
-0.27 (-1.12, 0.19 (-7.06, 0.29 (-4.15, 0.24 (-5.08,
F2 PND60 16 0.38) 0.31 14.02) 0.49 13.61) 0.27 12.72) 0.37
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Table 2.

Prenatal PAH exposure is not associated with vimentin or E-cadherin protein expression in offspring and
grandoffspring mice at PND60. The B coefficient, 95% confidence intervals, and p values are shown for the
association between prenatal PAH exposure and vimentin and e-cadherin protein expression among F1 PND60

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

and F2 PND60 mice.

Vimentin protein expression E-cadherin protein expression
Generation + Time Point | Sample Size
B Coefficient (95% CI1) | P value | B Coefficient (95% CI1) | P value
F1 PND60 21 0.28 (-15.70, 49.57) 0.29 0.36 (~7.94, 45.03) 0.16
F2 PND60 16 -0.12 (-40.12, 26.37) 0.66 0.32 (-13.51, 50.59) 0.24
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Table 3.

Prenatal PAH exposure is not associated with vimentin or E-cadherin relative gene expression in offspring and
grandoffspring mice. The B coefficient, 95% confidence intervals, and p values are shown for the association
between prenatal PAH exposure and vimentin and e-cadherin relative gene expression among F1 PND28, F1
PND60, F2 PND28, and F2 PND60 mice.

Vimentin mRNA expression E-cadherin mRNA expression
Generation + Time Point | Sample Size
B Coefficient (95% CI1) | P value | B Coefficient (95% CI1) | P value
F1 PND28 17 -0.31(-3.12,0.78) 0.22 0.16 (-2.87,5.17) 0.55
F1 PND60 21 0.1(-1.08, 1.64) 0.67 -0.14 (-4.41, 2.39) 0.54
F2 PND28 14 0(-3.39, 3.38) 1 0.08 (-3.86, 5.00) 0.78
F2 PND60 16 -0.16 (-2.46, 1.37) 0.55 0.05 (-2.98, 3.57) 0.85
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