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Abstract:
Exposure to persistent organic pollutants, such as polychlorinated biphenyls (PCBs) and dioxins,

has been shown to induce a wide variety of toxic effects, including induction of xenobiotic

metabolizing enzymes, inflammation and cardiovascular diseases. Epidemiological studies have

shown positive correlations between exposure to persistent organic pollutants and increased

serum levels of hepatic enzymes. In human populations, prolonged intake of diets high in

fat/calories can promote inflammatory diseases, including obesity, and fatty liver diseases

(including steatosis and cirrhosis). The hepatic responses to dietary fatty acid exposure are

orchestrated, in part, by the PPAR pathway. In vascular endothelial cells exposure to PCB77

significantly reduced basal mRNA expression of PPAR and the PPAR responsive gene CYP4A1

as well as PPAR protein expression. To determine how high fat diets can affect PCB-induced

pathological liver responses, male mice (C57BL/6) were exposed to diets enriched with safflower

oil (20 or 40% fat calories) for a total of four months. During the last two months of the study, mice

were administered every other week with PCB77 (170 mol/kg) or vehicle (safflower oil). Liver

tissues were sampled, and ribonucleic acids (RNA) were extracted to measure mRNA abundance

through expression microarray. The gene expression patterns demonstrate that the high fat diet

(40%) induced expression of genes that play a critical role in fatty acid uptake and metabolism, and

that are regulated by PPAR signaling. Treatment with PCB77 blocked induction of these genes

and reduced expression of PPAR . These results suggest that by inhibiting PPAR expression

and function, PCB77 exposure can accelerate the detrimental effects of a high fat diet associated

with inflammatory diseases. Current experiments are aimed at validating the microarray data

through real time-PCR and immunoblots. (Supported by grants from NIEHS, NIH (P42ES07380)

and the University of Kentucky AES).

Background:
ÁCoplanar PCBs such as PCB77 increase cellular damage and activation of oxidative stress-sensitive and pro-

inflammatory transcription factors NF- B and AP-1 with a subsequent expression of inflammatory genes (e.g.

TNF , MCP-1, IL-6 etc) in a variety of cell types and tissues. Most of the toxic effects caused by these

compounds are regulated by the aryl hydrocarbon receptor (AHR) (Slim et al., 1999; Ramadass et al., 2003).

ÁPPAR agonists have been shown to be protective against inflammation by down-regulating underlying pro-

inflammatory signaling pathways. PPARs have been shown to negatively interfere with NF-kB, and AP-1

signaling pathways and prevent the expression of inflammatory genes such as adhesion molecules and

cytokines (Delerive et al., 2001).

ÁIn the liver PPAR function is associated with mitochondrial, peroxisomal, and microsomal dependent

metabolism of fatty acids during periods of fasting, or fatty acid intake (Reddy and Rao, 2006).

Objectives:
The experiments described bellow were designed to answer the following questions:

ÅDoes PPAR inhibit co-planar PCB induction of the pro-inflammatory genes in the vascular endothelium?

ÅDo co-planar PCBs inhibit expression and transcriptional activity of PPAR in cell culture and in vivo?

Methods:
Cell culture and experimental media

Endothelial cells (ECs) were isolated from porcine pulmonary arteries as described previously (Toborek et al., 2002). MCF-7 cells stably

transfected with a luciferase gene driven by PPRE sites were utilized for selected experiments. Cells were sub-cultured in medium-199

(endothelial cells) and DMEM (MCF-7 cells) containing fetal bovine serum (FBS, HyClone Laboratories, Logan, UT). PCB77 and PPAR

agonists were added from a stock solution prepared in DMSO.

PPAR , VCAM-1, COX-2, and CYP1A1 protein expression studies

Total cellular protein was extracted as previously described (Slim et al., 1999). Protein extracts were electrophoresed on SDS-

polyacrilamide gels transferred to nitrocellulose membranes. PPAR , VCAM-1 and COX-2 proteins were probed with commercial

antibodies. -actin was used as a loading control.

CYP1A activity assay (EROD)

Cytochrome P450 1A (CYP1A) activity or ethoxyresorufin-o-deethylase (EROD) activity was measured as described previously

(Ramadass et al., 2003) using 7-ethpxyresorufin as a CYP1A substrate.

Real time PCR

Primers for real time PCR using SYBR green (Applied Biosystems) were designed using Primer Express 3.0 software (Applied

Biosystems). Real time PCR was conducted using the 7300 Real Time PCR System (Applied Biosystems). -actin and 18S were used

as housekeeping genes in cell culture and in vivo experiments, respectively.

PPAR reporter gene studies

The human breast cancer epithelial cell line MCF-7 was stably transfected with a vector containing repeats of PPAR response elements

(PPREs) in the promoter region driving luciferase gene expression and a HSV-TK-driven renilla. Cells were plated and exposed to PCBs

prior to cell lysis. Cell lysis and reporter gene assay were performed using a dual reporter assay kit.

Statistics

Data were analyzed using one or two way ANOVA, depending on the number of variables used in the experiments, followed by Tukeyôsor

FisherôsLSD test for post hoc comparisons.

In vivo studies

To determine how PCBs affect liver responses to a high fat diet, mice (C57/BL6) were exposed to two different kinds of diets: 20 and 40%

of total calories as linoleic acid for four months. For the last two months of the study, animals were treated every other week with PCB77

(170 mol/Kg) or vehicle (safflower oil). Liver tissue was sampled, ribonucleic acids (RNA) were extracted to measure mRNA abundance

through expression microarray, and expression of selected genes was validated by real time PCR as mentioned above.

Conclusions:
In summary, our findings demonstrate that PPAR agonists can downregulate PCB77-

induced expression of pro-inflammatory genes and might be promising candidates in the

prevention of atherosclerosis in populations exposed to PCBs and other chlorinated AHR

ligands. Our results also suggest that the pro-inflammatory properties of the coplanar PCB77

could be mediated, in part, by inhibiting expression and activity of protective PPARs which

could lead to hepatic and vascular diseases (e.g. steatosis and atherosclerosis).
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Pixel intensity from each replicate was normalized to ɓ-actin signal.  Bars represent mean ± SEM.
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Gene Function Genes identified by microarray analysis

Fatty acid uptake SLC27A2 (FATP2)

Cholesterol metabolism CYP7A1 (Cytochrome P450 7A1) 

Peroxisomal fatty acid -oxidation Acsl1 (acyl-CoA synthetase long-chain family member 1) 

Hadhb (hydroxyacyl-Coenzyme A dehydrogenase) 

Cpt1a (carnitine palmitoyltransferase 1a)

Acadm (Acyl-Coenzyme A dehydrogenase, medium chain)
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subunit)

Hadha (hydroxyacyl-Coenzyme A dehydrogenase alpha 
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Agpat6 (1-acylglycerol-3-phosphate O-acyltransferase 6)
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