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Abstract

Epigenetic modifications of DNA and histones alter cellular phenotypes without changing genetic
codes. Alterations of epigenetic marks can be induced by exposure to environmental pollutants
and may contribute to associated disease risks. Here we test the hypothesis that endothelial cell
dysfunction induced by exposure to polychlorinated biphenyls (PCBs) is mediated in part though
histone modifications. In this study, human vascular endothelial cells were exposed to
physiologically relevant concentrations of several PCBs congeners (e.g., PCBs 77, 118, 126 and
153) followed by quantification of inflammatory gene expression and changes of histone
methylation. Only exposure to coplanar PCBs 77 and 126 induced the expression of histone H3K9
trimethyl demethylase jumonji domain-containing protein 2B (JMJD2B) and nuclear factor-kappa
B (NF-xB) subunit p65, activated NF-xB signaling as evidenced by nuclear translocation of p65,
and up-regulated p65 target inflammatory genes, such as interleukin (IL)-6, C-reactive protein
(CRP), intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1
(VCAM-1), and IL-1a/B. The increased accumulation of JIMJD2B in the p65 promoter led to a
depletion of H3K9me3 repression mark, which accounts for the observed up-regulation of p65 and
associated inflammatory genes. IMID2B gene knockdown confirmed a critical role for this histone
demethylase in mediating PCB-induced inflammation of the vascular endothelium. Finally, it was
determined, via chemical inhibition, that PCB-induced up-regulation of JMJD2B was estrogen
receptor-alpha (ER-a) dependent. These data suggest that coplanar PCBs may exert endothelial
cell toxicity through changes in histone modifications.

"To whom correspondence should be addressed: 599 Wethington Building, 900 South Limestone Street, Lexington, KY 40536-0200;
Tel: (859) 218-1343; Fax: (859) 257-1811; bhennig@uky.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of interest statement
The authors declare that there are no conflicts of interest.



Liuetal. Page 2

Keywords
PCBs; epigenetics and vascular inflammation; JIMJD2B; H3K9me3; p65; ER-a

Introduction

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epigenetic marks, such as DNA methylation and histone modifications, control gene
expression capable of being passed on to daughter cells upon cell division without changing
the genetic code [1-3]. Changes in epigenetic marks have been shown to be induced by
exposure to various environmental pollutants. Some of these alterations are associated with a
broad range of diseases, including cancer, cardiovascular diseases (CVD), or metabolic and
reproductive disorders [4-6]. Evidence suggests that persistent organic pollutants such as
polychlorinated biphenyls (PCBs), and especially dioxin like (or coplanar) PCBs, can cause
epigenetic changes in global DNA methylation, histone modifications in the gene promoters,
and expression of corresponding histone modifying enzymes [7-10]. These epigenetic
mechanisms may link the environmental exposures to disease outcomes by shaping the
genome into active or inactive structures based on endogenous and exogenous
environmental changes.

Evidence suggests that the pathology of CVD is associated with exposure to environmental
pollutants [11-13]. For example, increased incidence rates of CVD have been demonstrated
in populations exposed to high levels of dioxin and PCBs [14-16]. Endothelial dysfunction
is believed to be an underlying cause of the initiation of CVD such as atherosclerosis [17].
Exposure to PCBs has also been shown to cause inflammation of the vascular endothelium
via expression of several inflammatory markers, cytokines and adhesion molecules [18-20].
Thus, it is of great importance to investigate the underlying mechanisms in the regulation of
these inflammatory markers.

Moreover, PCBs act as endocrine-disrupting chemicals (EDCs), which interfere with the
endocrine system by acting as agonists or antagonists to hormone receptors, such as estrogen
receptors (ERSs), androgen receptors (ARs), or thyroid hormone receptors [21-25]. Previous
studies indicate that PCBs have an affinity for ERs and exhibit significant biological activity
and disrupt endogenous ER signaling [26—30]. For example, PCB 77 is capable of binding to
ER-a and exerting agonistic or antagonistic effects in endothelial cells while PCB 126
exhibits a strong estrogen-like effect by inducing the expression of estrogen receptor a (ER-
a) and promoting ER-a-mediated transcription [30-32]. Importantly, ER-a mediates the
biological functions of estrogen and regulates transcriptional expression of ER target genes
through binding to estrogen responsive elements (ERES) [33, 34]. The jumonji domain-
containing protein 2B (JMJD2B), a histone H3K9 trimethyl demethylase, contains two half-
ERE sites located in the first intron of its gene, suggesting that IMJD2B itself is
transcriptionally targeted by ER-a [35-38]. In addition, JMJD2B is physically associated
with ER-a and mixed-lineage leukemia 2 (MLL2), a methyltransferase required for H3K4
trimethylation [38, 39]. It also has been shown that ER-a/JMJD2B/MLL2 complex defines
H3K4 and K9 methylation patterns in transcription of target genes [38]. Nuclear factor-
kappa B (NF-xB) subunit p65 may be a transcriptional target of ER-a/JMJD2B/MLL2
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complex as well, although its promoter does not contain EREs. This transcriptional
regulation may be due to ER-a’s ability to interact with regulatory elements of target genes
indirectly by associating with activator protein-1 (AP-1) and Sp1 transcription factor
complexes and their respective binding sites [33, 34, 40-43]. Importantly, there are
consensus binding sites of AP-1 and Sp1 transcription factors in the p65 promoter [44].
Thus, ER-a may function as a mediator in the formation of complexes by histone modifying
enzymes and transcription factors. The inflammatory target genes of p65 subunit, such as
interleukin (1L-6), C-reactive protein (CRP), intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1), IL-1a, and IL-1/[45-55], produce critical
inflammatory cytokines that are involved in the initiation and progression of CVD [56].
Taken together, a coherent model has been proposed to implicate PCBs in inflammatory
gene regulation through ER-a-mediated epigenetic mechanisms (Fig. 1).

The aim of the current study is to investigate the epigenetic mechanisms that link PCBs and
vascular inflammation. In particular, we have demonstrated (a) PCB-induced expression of
JMJID2B; (b) PCB-activated NF-xB signaling; (c) the role of IMJD2B in PCB-induced p65
transcription; and (d) implication of ER-a in mediating PCB toxicity.

Material and Methods

Cell cultures and treatments

EA.hy926 human endothelial cells (ATCC, Manassas, VA) were cultured in Dulbecco's
Modified Eagle's Medium (DMEM,; Invitrogen, Carlsbad, CA) supplemented with 10% fetal
bovine serum (FBS; Hyclone, Logan, UT) as described previously [57]. Cells were grown
until confluence and then synchronized by culturing in fresh medium containing 1% serum
overnight before treatment.

Stock solution of PCBs (AccuStandard, New Haven, CT) were prepared in DMSO and the
same amount of DMSO as in PCB-treated cells were added to control cultures. The
concentration of DMSO in the media was kept below 0.05%. Cells were treated with PCBs
at concentrations previously found in human plasma (PCBs 77 & 126 at 0.03 nM, PCB 118
at 2 nM, and PCB 153 at 3 nM) [58] for 16 h or up to 24 h for time-course experiments. For
ER inhibitor experiments, cells were pre-treated with 0.30 and 0.45 nM of ER inhibitor
(Tocris, Minneapolis, MN) for 8 h, followed by treatment with 0.03 nM of PCBs 77 and 126
for 16 h, respectively.

Immunoblotting

Expression of p65 and JMJD2B protein in whole cell extracts was quantified by immunoblot
as described previously [19], using mouse monoclonal anti-p65 (Santa Cruz Biotechnology,
Santa Cruz, CA) and anti-JMJD2B (Santa Cruz Biotechnology), respectively.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as loading control.

Quantitative real-time PCR (QRT-PCR)

Abundance of mRNA transcripts and amplicons in immunoprecipitated chromatin was
evaluated by qRT-PCR (Bio-Rad Laboratories, Hercules, CA) using SYBR Green master
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mix (Applied Biosystems, Carlshad, CA) according to the manufacturer’s instructions. The
relative amount of each gene was normalized using the housekeeping gene GAPDH. The
relative occupancy of epigenetic marks was calculated as described previously [59] and
values are reported as fold enrichment. Primer pairs are listed in Table 1.

Chromatin immunoprecipitation (ChIP)

The enrichment of ER-a, IMID2B, MLL2, H3K9me3, and H3K4me3 in the promoters of
target genes was assessed by ChlP assay as described [60]. Immunoprecipitations were
performed with specific antibodies to ER-a (Santa Cruz Biotechnology), IMJD2B (Santa
Cruz Biotechnology), MLL2 (Santa Cruz Biotechnology), rabbit 19gG (Santa Cruz
Biotechnology), H3K9me3 (Abcam, Cambridge, MA), H3K4me3 (Abcam), and H3 (Santa
Cruz Biotechnology). Nuclear chromatin extracts without immunoprecipitation were used as
input control. Precipitation of chromatin with non-specific 1gG was used as a negative
control and produced signals much less than those produced by target-specific antibodies.
H3 was used as a control that stands for nucleosomal occupancy. The promoter regulating
the expression of GAPDH localizes in euchromatin and was used as a control locus. Data are
expressed as fold enrichment, representing the ChlP signal as the fold increase in signal
relative to the background signal.

Immunocytochemistry

Activation of the NF-xB pathway in endothelial cells was assessed by immunocytochemical
localization of p65 subunit. Cells were seeded in 4-well glass chamber slides and treated
with coplanar PCBs 77 and 126, or with tumor necrosis factor alpha (TNF-a) (10 ng/ml) as
a positive control for 8 h. Cells were washed in phosphate buffered saline (PBS) and fixed in
4% paraformaldehyde for 10 min at room temperature. After washing with PBS, cells were
permeabilized with 0.25% Triton X-100 for 10 min. The wash step was repeated, and then
cells were blocked with 1% bovine serum albumin in PBS containing 0.1% Tween-20 for 30
min, and subsequently incubated with mouse monoclonal anti-p65 (1:500) overnight at 4°C.
After rinsing with PBS, cells were incubated with Alexa Fluor-labeled secondary antibody
(1:1000) for 1 h at room temperature in the dark. The 4, 6-diamidino-2-phenylindole (DAPI)
was used to stain the nucleus, and the coverslips were mounted onto the slides before
viewed under the fluorescence microscope.

JMJD2B gene knockdown

Knockdown of IMJD2B by small interfering RNA (siRNA) (Santa Cruz Biotechnology)
was conducted according to the manufacturer’s instructions. Briefly, 1 pl of sSiRNA duplex
was added into 100 pl of transfection medium (solution A) and 6 pl of transfection reagent
was diluted into another 100 pl of transfection medium (solution B). Solutions A and B were
mixed gently and incubated for 45 min at room temperature. For each transfection, the
mixture (solution A &B) was added into 0.8 ml of transfection medium, overlaid onto cells,
and incubated at 37° C until confluence before treatment with PCBs.
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Statistical analysis

Results

Data were tested to exhibit normal distributions and homogenous variances. Statistical
significance was assessed by one-way ANOVA and Fisher’s protected least significant
difference posthoc test [61]. JMP 10.0.0 (SAS Institute, Cary, NC) was used to perform all
calculations. Data are expressed as means + SD, and a probability value of p < 0.05 was
considered statistically significant.

Coplanar PCBs induce histone demethylase JMJD2B expression

In order to investigate the effects of PCBs on histone modifying enzymes, human
endothelial cells were exposed to PCBs 77, 118, 126, and 153 at physiologically relevant
levels. IMID2B is a histone H3K9m3 specific demethylase, which represses transcription by
removing methyl groups from K9 on histone H3 tails [36, 38]. The time-course study
showed that the expression of IMJD2B was differentially induced by PCBs (Fig. 2). Among
the four PCB congeners studied, coplanar PCB 126 most efficiently induced IMJD2B
expression, with significant up-regulation observed after 8 h of treatment. Coplanar PCB 77
significantly induced JIMJD2B after 14 h of treatment, with the highest induction level
observed after 20 h of treatment. Compared to the coplanar PCBs, any apparent up-
regulation of IMJD2B expression by PCBs 118 and 153 was non-significant. Thus, in
subsequent experiments only coplanar PCBs were used.

Coplanar PCBs activate NF-xB signaling via p65 up-regulation and translocation

The NF-xB transcription factor is known as a signal integrator that controls two initial steps
in the process of vascular inflammation [62]. To test whether PCBs can activate NF-xB
signaling, expression of p65, its most prevalent subunit, was measured initially. The
expression level of p65 MRNA was increased by approximately 140% and 200% after
exposure to PCBs 77 and 126, respectively (Fig. 3A). The increased p65 protein expression
as a result of PCB exposure was also detected by immunoblot using whole-cell lysates (Fig.
3B). In addition, expression of p65 target genes IL-6, CRP, ICAM-1, VCAM-1, IL-1¢, and
IL-15 were also significantly up-regulated after PCB exposure (Fig. 3C). Since the activation
of the NF-«xB pathway is associated with the intracellular localization of its subunits, p65
nuclear translocation is commonly used as a marker of activation [63]. The intracellular
localization of endogenous p65 was analyzed by immunocytochemical staining with anti-
p65 antibody, and nuclear DNA was revealed by DAPI staining. The p65 subunit localized
to the nucleus after exposure of coplanar PCBs 77 and 126 for 8 h, leading to a substantial
increase in the amount of p65 found in the nucleus when compared to the DMSO control
(Fig. 4). Cells stimulated with TNF-a were used as a positive control. Taken together, these
results suggest that coplanar PCBs activate NF-xB signaling via up-regulating p65
expression and increasing p65 nuclear import in human endothelial cells.

PCB-induced p65 is transcriptionally activated through histone modifications

To analyze the role of IMID2B in p65 transcriptional activation, the accumulation of ER-a/
JMJID2B/MLL2 regulatory complex and the enrichment of corresponding histone
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methylation marks in the p65 promoter were assessed by ChIP assay. Since ER-a may be
recruited to the p65 promoter via indirect binding to transcription factors AP-1 or Sp1 [40,
42], the accumulation of ER-a/JMJD2B/MLL2 regulatory complex was assessed within
regions that cover AP-1 and Sp1 binding sites. The accumulation of ER-a in the p65
promoter was increased by approximately 27 and 47% after exposed to coplanar PCBs 77
and 126, respectively. The accumulation of IMID2B was also significantly increased by
PCB exposure in a similar pattern. Additionally, the recruitment of MLL2 was slightly
enhanced by PCB exposure when compared to the GAPDH control (Fig. 5A). The increased
accumulation of IMJD2B and MLL2 in the p65 promoter led to significantly decreased
enrichment of H3K9me3 repression marks and significantly increased enrichment of
H3K4me3 activation marks, respectively (Fig. 5B). Thus, these data suggest that coplanar
PCBs induce p65 expression through JMJD2B-mediated modification of histone
methylation.

JMJID2B knockdown abolishes PCB-induced vascular inflammation

To confirm the important role of IMJD2B in mediating PCB-induced vascular
inflammation, knockdown of JMJD2B by siRNA was performed. IMJD2B knockdown was
validated at mRNA and protein levels, and it was found that this knockdown significantly
reduced p65 expression by 31% (Fig. 6A). Moreover, quantitative RT-PCR revealed that
JMJID2B knockdown significantly inhibited the expression of p65 and IL-6 induced by
coplanar PCBs 77 and 126 (Fig. 6B). Importantly, since the H3K9me3 mark in the p65
promoter is believed to be modulated by JIMJD2B, it was necessary to examine whether
depletion of IMJD2B would affect the enrichment of this histone methylation mark in that
region. As shown, JIMJID2B knockdown significantly inhibited PCB-induced accumulation
of IMJID2B in the p65 promoter (Fig. 6C). Consistently, IMJD2B knockdown also abolished
PCB-induced removal of H3K9me3 repression mark in the p65 promoter at a significant
level (Fig. 6D). Therefore, IMJID2B plays an essential role in mediating PCB-induced
inflammation of the vascular endothelium.

ER-a is involved in the regulation of PCB-induced JMJD2B expression

Previous studies suggest that coplanar PCBs have binding affinity to ER-a, induce its
expression, and promote ER-a-mediated transcription [30-32]. In endothelial cells, ER-a
expression was up-regulated by approximately 146 and 115% after exposed to coplanar
PCBs 77 and 126, respectively (Fig. 7A). In addition, there is an ERE site (5’-AGGTCA-
NNN-TGACCT-3’) in the first intron of IMJD2B, indicating JIMJD2B as a transcriptional
target of ER-a [35, 38]. ChIP assay confirmed PCB-dependent recruitment of ER-a to the
JMJID2B ERE site in endothelial cells. Coplanar PCBs 77 and 126 significantly increased
ER-a binding by approximately 71 and 116 %, respectively compared to the DMSO control
(Fig. 7B). In order to test whether ER-a is involved in PCB-induced JMJD2B expression,
endothelial cells were pre-treated with ER inhibitor for 8 h and followed by exposure to
coplanar PCBs for 16 h. PCB-induced expression of IMIJD2B mRNA was significantly
attenuated by ER inhibitor at 0.30 and 0.45 nM (Fig. 7C). These data indicate the
involvement of ER-a in the regulation of PCB-induced histone demethylase IMJD2B
expression.
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Discussion

As a chronic inflammatory disease, atherosclerosis is believed to be the primary cause of
CVD. Atherosclerotic plaque formation is a dynamic multi-cellular process, which is
essentially determined by the regulation of genes in different types of cells [64-66]. The
importance of exposure to environmental pollutants in the epigenetic regulation of gene
expression during the initiation and progression of atherosclerosis is critical for better
understanding of CVD and potential therapeutic interventions based on epigenetic
mechanisms. Our study implicates histone methylation modifications in PCB-induced
endothelial dysfunctional inflammation, i.e., the early pathology of atherosclerosis, thus
providing a potential link between vascular inflammation and epigenetic programming.

Epigenetics provides an attractive explanation of how external factors, e.g., exposure to
persistent pollutants like PCBs, can impose aberrant gene expression patterns related to
diseases. Epigenetic studies in CVD reveal a significant number of modifications affecting
the development and progression of CVD. For example, epigenetics studies of the role of
vascular inflammation in patients with CVD show that DNA hypermethylation might be the
strongest independent risk factor for CVD mortality [67, 68]. Besides, a recent study
investigated the relationship between triple methylation of lysine 27 in histone H3 and
atherosclerotic plaque stage, which suggests dynamic alterations in global levels of this
methylation mark during atherosclerosis development [69]. Interestingly, epigenetic
modifications are reversible and they change rapidly in response to external stimuli such as
environmental pollutants. It was reported that persistent pollutants such as PCBs can affect
histone modification patterns mediated by histone demethylase Jarid1b [9, 10], indicating
that histone modifying enzymes could be potential targets of environmental pollutants.

Our study explored the role of histone demethylase JIMJD2B in PCB-induced vascular
inflammation. Our data support a model in which coplanar PCBs and JMJD2B participate in
the activation of inflammatory genes at the epigenetic level through orchestrating the
assembly of a multi-protein histone modifying complex that integrates histone H3K9
demethylation and H3K4 methylation events. In this complex, ER-a is recruited to AP-1 and
Sp1 binding sites and further seizes histone modifying enzymes to activate transcription of
the NF-xB subunit p65 by changing histone methylation patterns. Recently, the cholesterol
metabolite 27-hydroxycholesterol has been identified to be an ER ligand to compete with the
action of the atheroprotective estrogen [70, 71]. ER-a also has been reported to be pro-
atherogenic because of its role in 27-hydroxycholesterol-promoting atherosclerosis via pro-
inflammatory processes [70, 71]. PCBs have been reported to be ER ligands [30, 31], and
our study demonstrates that coplanar PCBs can promote endothelial inflammation through
the mediation of ER-a, although their competition with estrogen still needs to be confirmed.

In our study, we included the PCB-induced changes in epigenetic marks such as H3K9me3
and H3K4me3 in order to demonstrate a link between epigenetic regulation and the observed
PCB-mediated inflammatory response. Histone methylation is usually associated with either
activation or repression of transcription, depending on which lysine residue is modified and
what histone modifying enzyme is being recruited. For instance, H3K4 methylation marks
are always enriched in chromatin adjacent to transcription start sites of active genes,
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whereas inactive gene promoters are characterized by low levels of H3K4 methylation
marks [72]. H3K9 methylation was long considered as a hallmark of heterochromatin,
however, it was recently found also to be present in active genes [73-77], suggesting the
possible integration or coordination of histone methylation/demethylation in a particular
biological process. For example, actively transcribed genes are marked by H3K4me3, and at
the same time by H3K9me3, and H3K4 and H3K9 methylation levels are mutually exclusive
[78]. Thus, how they coordinate activation of transcription becomes an issue of great
importance. Previous studies reported that IMID2B is physically associated with the MLL2
complex and synergistically shapes the methylation status of H3K9 and H3K4. Notably,
H3K9 demethylation is a prerequisite for H3K4 methylation [38]. Our study confirmed that
JMJD2B and MLL2 were both recruited to the promoter region of p65 together with ER-a,
and the accumulation of this complex was affected by PCB exposure. In particular, we
demonstrated that endothelial exposure to coplanar PCBs increased the binding of ER-a/
JMJID2B/MLL2 complex to the promoter region of p65, leading to depletion of H3K9me3
marks and thus allowing epigenetic regulation of the NF-xB subunit p65.

In summary, our observations support that JMJD2B plays a significant role in PCB-induced
p65 transcription and vascular inflammation through modifying histone methylation marks.
The importance of JIMJD2B in mediating PCB toxicity was further validated by IMJD2B
knockdown studies. With many environmental pollutants contributing to CVD, epigenetic
phenomena may hold the key to understanding the onset and progression of this disease.
Moreover, histone modifying enzymes such as JIMJD2B may also prove to be effective
targets for clinical intervention of diseases such as CVD that can be triggered or enhanced
by exposure to environmental pollutants.
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Abbreviations

AP-1
ARs
Chip
CRP
CvVvD
DAPI
EDCs
ERs
ERE
GAPDH

activator protein-1

androgen receptors

chromatin immunoprecipitation
C-reactive protein
cardiovascular disease
4,6-diamidino-2-phenylindole
endocrine-disrupting chemicals
estrogen receptors

estrogen responsive element

glyceraldehyde-3-phosphate dehydrogenase
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H3K4me3 K4-trimethylated histone H3

H3K9me3 K9-trimethylated histone H3

ICAM-1 intercellular adhesion molecule-1

IL interleukin

JMJID2B jumonji domain-containing protein 2B

K lysine

MLL2 mixed-lineage leukemia 2

NF-xB nuclear factor-kappa B

PBS phosphate buffered saline

PCBs polychlorinated biphenyls

gRT-PCR quantitative real-time PCR

SIRNA small interfering RNA

TNF-a tumor necrosis factor alpha

VCAM-1 vascular cell adhesion molecule-1
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Highlights
e  Coplanar PCBs significantly induced histone demethylase IMID2B expression.

» Coplanar PCBs activated NF-kB through p65 up-regulation and nuclear
translocation.

e Histone H3K4 and K9 modifications were mediated by ER-a/JMJD2B/MLL2
complex.

» ER-a may be involved in the regulation of PCB-induced JMJD2B expression.
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Figure 1. PCB-induced epigenetic regulation of NF-kB subunit p65
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Up-regulation of
NF-kB p65

This diagram illustrates the pathways for PCB-induced epigenetic regulation of NF-xB
subunit p65. In response to PCBs, ER-a is activated to bind to the EREs in the first intron of
JMJD2B and induce its expression. JMID2B can physically interact with ER-a and MLL2
to form a protein complex and be further recruited to the p65 promoter through AP-1 or Spl

mediated chromatin binding. This ER-a/JMJD2B/MLL2 complex modifies histone

methylation patterns in the promoter region.
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Figure 2. Time-course changes of IMJD2B expression in endothelial cells exposed to PCBs
Cellular IMID2B mRNA level was measured at indicated time points in endothelial cells

following treatments with 0.03 nM of PCBs 77 & 126, 2 nM of PCB 118, or 3 nM of PCB
153. Values are means + SD (n=3). *Significantly increased compared to the DMSO
control. #Significantly increased compare to 0 h.
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Figure 3. Expression of the NF-kB subunit p65 and its target genes in endothelial cells exposed to
PCBs

(A-B) Coplanar PCBs 77 and 126 induced p65 expression after 16 h of treatment, measured
by gRT-PCR and immunoblot. GAPDH is the loading control. (C) Target genes of p65 were
up-regulated by coplanar PCBs after 16 h of treatment. Values are means = SD

(n=3). *Significantly increased compared to the DMSO control. D, DMSO; 77, PCB 77;
126, PCB 126.
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Figure 4. PCB-induced nuclear translocation of p65 in endothelial cells
After 8 h exposure with coplanar PCBs, increased nuclear import of p65 was observed in

endothelial cells. The intracellular localization of endogenous p65 was analyzed by
immunocytochemical staining using anti-p65 (green). The nucleus was visualized by DAPI
staining (blue). Nuclear translocation is identified with white arrowheads. Cells were
stimulated with TNFa (10 ng/ml) as a positive control.
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Figure 5. IMJD2B-mediated modification of histone methylation in the p65 promoter
(A) The accumulation of ER-a/JMJD2B/MLL2 regulatory complex in the p56 promoter was

modulated by PCB exposure. Sheared chromatin from whole-cell lysates was
immunoprecipitated with antibodies against the indicated proteins. 1gG was used as a
negative control. (B) The enrichment of repression mark H3K9me3 and activation mark
H3K4me3 in the p65 promoter was changed corresponding to those histone modifying
enzymes. H3 is the control for nucleosomal occupancy. The GAPDH promoter was used as
control locus. Values are means + SD (n=3). "Significantly increased compare to the DMSO
control.
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Figure 6. Effects of IMJID2B knockdown on PCB-induced vascular inflammation
(A) IMJID2B knockdown was validated at mRNA and protein levels. Whole-cell lysates

from endothelial cells were immunoblotted with antibodies against IMJD2B after 24 h
treatment of siRNAs. NF-xB subunit p65 expression was also examined. GAPDH is the
loading control. (B) Knockdown of IMJD2B led to significant reduction of PCB-induced
p65 and IL-6 expression, measured by gRT-PCR. (C) IMJD2B knockdown reduced the
accumulation of IMID2B in the p65 promoter induced by PCB exposure. (D) JIMJD2B
knockdown abolished PCB-induced removal of H3K9me3 repression mark in the p65
promoter. “Significantly increased compared to the DMSO control. #Significantly decreased
compared to the siRNA control group. siC, siControl; siJ, siIMJD2B; D, DMSO; 77, PCB
77; 126, PCB 126.

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2016 December 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal. Page 20

A 35 - B 5 -
*

— 3 - - *
< £ | ., &4 I
Z (- 2.5 . E *
m - 2 i L - 3 - T
E > O

| -

o © 1.5 - c 9
7 S L 1
m i®) 1 . — o
W = = 1 -

Z 05 - 2

0 0
DMSO PCB77 PCB126 DMSO PCB 77 PCB 126

@)
N
&)}

)

*

2.0 A

1.5

1.0

JMJD2B mRNA

0.5 A

0.0

(arbitrary units)
T —
% o
7 — 5
N
> ==
o 1N
I
I
*H

O \2) \a) © Q
Q Q OQ) O@ QO Q)'\q’ Q)’\q’
Q Q L7 L

Figure 7. Involvement of ER-a in the regulation of PCB-induced JIMJD2B
(A) The expression of ER-a was induced by coplanar PCBs 77 and 126 in endothelial cells,

quantified by gRT-PCR. (B) The binding of ER-a to the EREs in the first intron of IMJD2B
was modulated by PCB exposure. (C) ER inhibitor attenuated PCB-induced expression of
JMJID2B mRNA. Cells were pre-treated with ER inhibitor (0.30 and 0.45 nM) for 8 h and
followed by treatment of 0.03 nM of coplanar PCBs for 16 h. Values are means + SD
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(n=3). *Significantly increased compared to the DMSO control. #Significantly decreased
compared to the PCB treatment group.
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Table 1

Oligonucleotide primers used for quantitative real-time PCR

Genel Sequence (5°-3") F/R2 Template
GCCCTTCAGTCCTAATGTCCTG

CRP cDNA
AGCATAGTTAACGAGCTCCCAGA R
CTTAATTCTGGAGTGTACACAT F

ER-a cDNA
CTCCATGCCTTTGTTACTCAT R
TCCACTGGCGTCTTCACC F

GAPDH cDNA
GGCAGAGATGATGACCCTTT R
CAAGACCTTGGGCTGGGACTGGCTGA F

GAPDH gDNA
GATGCGGCTGACTGTCGAACAGGAGGA R
GCCACCCCAGAGGACAA F

ICAM-1 cDNA
CCATTATGACTGCGGCTGCTA R
ACAAAAGGCGAAGAAGACTGA F

IL-1a cDNA
GGAACTTTGGCCATCTTGAC R
CTGTCCTGCGTGTTGAAAGA F

IL-18 cDNA
TTGGGTAATTTTTGGGATCTACA R
CAATGAGGAGACTTGCCTGGTGA F

IL-6 cDNA
TGGCATTTGTGGTTGGGTCAG R
CCAACAGCGAGAAGTACTGTA F

JMID2B cDNA
CCACGTCGTCATCATACAA R
TCACAGCTGGAATGGTGGT F

JMJD2B gDNA
CACCTCAGGCCCTCAACA R
GGCCATGGACGAACTGTTCC F

p65 cDNA
GAGGGTCCTTGGTGACCAG R
CAGTTTCCCCTCTGGGTGGA F

p65 gDNA
CCCACCTCCCTCCAGAGA R
GTCTTGGTCAGCCCTTCCT F

VCAM-1 . cDNA

ACATTCATATACTCCCGCATCCTTC

1 . ) ) . )
Genbank entries: CRP = Homo sapiens c-reactive protein (NM_000567.2 for cDNA); ER-a = Homo sapiens estrogen receptor alpha

Page 22

(NM_000125.3 for cDNA); GAPDH = Homo sapiens glyceral dehyde-3-phosphate dehydrogenase (NM_002046.5 for cDNA, NC_000012.11 for
gDNA); ICAM-1 = Homo sapiens intercellular adhesion molecule 1 (NM_000201.2 for cDNA); IL-1a = Homo sapiens interleukin-1 alpha

(NM_000575.3 for cDNA); IL-1f = Homo sapiens interleukin-1 beta (NM_000576.2 for cDNA); I1L-6 = Homo sapiens interleukin-6

(NM_000600.3 for cDNA); JIMJID2B (also known as KDM4B) = Homo sapiens lysine (K)-specific demethylase 4B (NM_015015.2 for cDNA,
NC_000019.10 for gDNA); p65 (also known as RelA) = Homo sapiens v-rel avian reticuloendotheliosis viral oncogene homolog A (NM_021975.3

for cDNA, NC_000011.9 for gDNA); VCAM-1 = Homo sapiens vascular cell adhesion molecule 1 (NM_001078.3 for cDNA).

2Abbreviations: cDNA, complementary DNA (for mRNA quantification); F, forward; gDNA, genomic DNA (for ChIP assays); R, reverse.
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