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Abstract

Anti-inflammatory polyphenols, such as epigallocatechin-3-gallate (EGCG), have been shown to 

protect against the toxicity of environmental pollutants. It is well known that bioactive food 

compounds such as polyphenols may exert their protection by modulating inflammatory pathways 

regulated through nuclear factor-kappa B (NF-κB) signaling. EGCG has been reported to inhibit 

NF-κB activation. We hypothesize that EGCG can protect against PCB-induced endothelial 

inflammation in part through epigenetic regulation of NF-kB-regulated inflammatory genes. In 

order to test this hypothesis, human endothelial cells (EA.hy926) were exposed to physiologically 

relevant levels of coplanar PCB 126 and/or 15 or 30 μM of EGCG, followed by quantification of 

NF-kB subunit p65, histone acetyltransferase (HAT) p300 and histone deacetylases (HDACs) 

accumulation through ChIP assay in the promotor region of inflammatory genes. In addition, the 

enrichment of the acetylated H3 (ac-H3) was also quantified. PCB 126 exposure increased the 

expression of vascular inflammatory mediators, including interleukin (IL)-6, C-reactive protein 

(CRP), intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 

(VCAM-1), and IL-1α/β, which were prevented by pre-treatment with EGCG. This inhibitory 

effect by EGCG correlated with abolished nuclear import of p65, decreased chromatin binding of 

p65 and p300, as well as increased chromatin binding of HDAC1/2. Furthermore, EGCG induced 

hypo-acetylation of H3, which accounts for deactivation of downstream genes. These data suggest 

that EGCG-induced epigenetic modifications can decrease PCB-induced vascular toxicity.
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Introduction

Cardiovascular diseases (CVD), such as atherosclerosis, is a multifactorial, multistep disease 

that involves chronic inflammation from initiation to progression and, eventually, plaque 

rupture [1, 2]. A large variety of cytokines and adhesion molecules are well-established 

contributors to CVD, including interleukin (IL)-6, IL-1, C-reactive protein (CRP), vascular 

cell adhesion molecule-1 (VCAM-1), and intercellular adhesion molecule-1 (ICAM-1) [3–

6]. Besides the involvement of immune cells in the development of atherosclerosis [6], the 

endothelial cell also participates and its dysfunction is a critical underlying cause of CVD 

[7]. Epidemiological studies provide substantial evidence that the pathology of CVD is 

associated with exposure to environmental pollutants, such as polychlorinated biphenyls 

(PCBs) [8–10]. Importantly, PCB exposure is believed to cause vascular inflammation 

through expression of several inflammatory markers, cytokines and adhesion molecules [11–

13]. Thus, these inflammatory markers may become potential therapeutic targets for 

nutritional intervention against CVD, which is triggered or enhanced by exposure to 

environmental pollutants.

Epigallocatechin gallate (EGCG) is a polyphenolic compound abundant in green tea and it 

has gained significant attention for its vascular protective effects [14, 15]. A human study 

demonstrated that EGCG can reverse endothelial dysfunction and improve flow-mediated 

dilation in patients with coronary artery disease [16]. EGCG has been reported to have an 

anti-NF-κB transactivation activity in a broad range of human malignancies, such as colon 

cancer, breast cancer, lung cancer, and in chronic inflammation [17–20]. Recently, an in 

vivo study utilizing db/db mice showed that EGCG reduced vascular inflammation through a 

NF-κB-mediated mechanism [21]. Although EGCG is known to protect endothelial cells 

against PCB 126-induced vascular inflammation [22, 23], it is not clear if epigenetic 

regulation of the NF-κB pathway is involved in the protective properties of EGCG.

NF-κB plays a major role in governing the vascular inflammatory process by directly up-

regulating cytokines and adhesion molecules [24]. The most abundant form of NF-κB is a 

p50/p65 heterodimer, in which p65 contains the transcriptional activation domain [24–26]. 

NF-κB activation may arise from the increased nuclear importation of the p65 subunit [25], 

and PCB 126 has been shown to increase nuclear localization of p65 (Liu et al., unpublished 

observations). The NF-κB subunit p65 has been shown to interact with p300 and histone 

deacetylases (HDACs) 1–3, which seems to be crucial for the epigenetic regulation of NF-

κB-regulated genes through reversible histone acetylation [27–29]. This reversible 

acetylation may be caused by exchange between the HDACs and HATs in the promoter 

region of target genes. Therefore, we hypothesize that the balance between HDAC and HAT 

activity determines subsequent expression levels of NF-κB-regulated genes. In the present 

study, we investigated the role of EGCG in the prevention of PCB 126-induced vascular 

inflammation and further examined the epigenetic mechanism by which EGCG decreases 

vascular toxicity of PCB 126. Our data show that EGCG can reduce PCB 126-induced 

expression of p65, prevent PCB 126-induced p65 nuclear translocation, down-regulate the 

expression of NF-κB-regulated genes, and modulate HAT and HDAC chromatin recruitment 

and histone hypo-acetylation, which may further suppress vascular inflammation.
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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) containing 10% fetal bovine 

serum (FBS; Hyclone, Logan, UT) as described [30]. Once confluent, cells were 

synchronized by culturing in DMEM supplemented with 1% FBS overnight before further 

treatments were initiated.

Stock solution of PCB 126 (AccuStandard, New Haven, CT) was prepared in DMSO. All 

cultures contained the same amount of DMSO and concentrations in the media were kept 

below 0.05%. Cells were pre-treated with 15 or 30 μM of EGCG (Sigma, St. Louis, MO) for 

8 h, followed by 16 h treatment with 0.03 nM of PCB 126, which represents the plasma PCB 

126 level of individuals with long-time PCB exposure [12, 31]. Plasma concentrations in 

humans of the parent compound EGCG are usually in the low μM range (less than 1 μM) 

[32, 33]. Concentrations of EGCG in our study were chosen based on our past data showing 

maximum endothelial cell protection against PCB exposure [23]. Such high concentrations 

can be considered supraphysiological.

Immunocytochemistry

To investigate the effect of EGCG on NF-κB activation as evidenced by p65 translocation, 

nuclear localization of p65 was assessed by immunocytochemical staining. Endothelial cells 

were seeded in chamber slides and pre-treated with EGCG for 8 h, followed by treatment 

with PCB 126 in fresh medium for 8 h. Tumor necrosis factor alpha (TNF-α) (10 ng/ml) was 

used as a positive control. After washing with PCB, cells were fixed in 4% 

paraformaldehyde for 10 min and permeablized with 0.25% Triton X-100 at room 

temperature. After blocking with 1% bovine serum albumin, cells were first incubated with 

mouse monoclonal anti-p65 (1:500) overnight at 4°C and then with Alexa Fluor-labeled 

secondary antibody (1:1000) for 1 h at room temperature in the dark. The nucleus were 

stained with 4, 6-diamidino-2-phenylindole (DAPI), and then images were viewed under the 

fluorescence microscope.

Quantitative real-time PCR (qRT-PCR)

Quantitative RT-PCR was carried out using SYBR Green master mix (Applied Biosystems, 

Carlsbad, CA) to evaluate the abundance of mRNA transcripts and amplicons in 

immunoprecipitated chromatin. The relative amount of each gene was normalized using 

housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The relative 

occupancy of epigenetic marks was calculated as described previously [34] and values are 

reported as fold enrichment. Primer pairs are listed in Table 1.

Chromatin immunoprecipitation (ChIP)

ChIP assay was conducted to quantify the abundance of p65, p300, HDAC1-3, and ac-H3 in 

the promotor regions of target genes [35]. Sheared chromatin was immuneprecipitated with 

antibodies to p65 (Santa Cruz Biotechnology, Santa Cruz, CA), p300 (Santa Cruz 

Biotechnology), HDAC1 (Santa Cruz Biotechnology), HDAC2 (Santa Cruz Biotechnology), 
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HDAC3 (Santa Cruz Biotechnology), rabbit IgG (Santa Cruz Biotechnology), ac-H3 

(Abcam), and H3 (Santa Cruz Biotechnology). Non-specific IgG was used as a negative 

control and produced signals much less than those produced by target-specific antibodies. 

H3 was used to normalize for ac-H3 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 ChIP signal as the fold increase in signal relative to the 

background signal.

Immunoblotting

Protein levels of p65, IκB, and I kappa B kinase (IKK) in whole cell extracts were 

determined by immunoblotting as described previously [12], using antibodies to p65, IKK-

α/β, phosphorylated IκB-α and phosphorylated IκB-β, respectively. All antibodies were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA), and the dilution factor of all 

antibodies was 1:1500). Actin (Santa Cruz Biotechnology) was used as a loading control.

Statistical analysis

Data were tested for normal distributions and homogenous variances. Statistical significance 

was assessed by one-way ANOVA and Fisher’s protected least significant difference 

posthoc test [36]. JMP 10.0.0 (SAS Institute, Cary, NC) was used to perform all analysis. 

The results are expressed as means ± SD, and a probability value of p ≤ 0.05 was considered 

statistically significant.

Results

EGCG decreases PCB 126-induced p65 expression and its nuclear translocation

The NF-κB transcription factor is known as a signal integrator that controls two initial steps 

in the process of vascular inflammation [37]. To determine whether EGCG can modulate 

PCB-mediated induction of NF-κB subunit p65, endothelial cells were pre-treated with 

EGCG and followed by treatment with PCB 126. Concentrations of EGCG were chosen 

based on preliminary data showing maximum endothelial cell protection against PCB 126 

exposure without cell death (data not shown). Exposure to PCB 126 significantly increased 

expression of p65 at the transcription level, and the PCB 126-induced p65 mRNA was 

markedly decreased when cells were pre-treated with EGCG at either 15 or 30 μM (Fig 1A). 

Protein level of p65 detected by immunoblotting was consistent with its mRNA transcripts 

(Fig 1B). In addition, protein levels of IKK and phosphorylated IκB were not affected by 

PCB 126 or EGCG treatment (Fig 1B).

Since the activation of the NF-κB pathway is associated with the intracellular localization of 

its subunits, p65 nuclear translocation is commonly used as a marker of activation [38]. The 

intracellular localization of endogenous p65 was analyzed by immunocytochemical staining 

with anti-p65 antibody, and nuclear DNA was revealed by DAPI staining (Fig 1C). The p65 

subunit localized to the nucleus after exposure of PCB 126 for 8 h, leading to a substantial 

increase in the amount of p65 found in the nucleus. However, EGCG reversed PCB 126-

induced nuclear translocation of p65 or enhanced its nuclear export (Fig 1C). Cells 

stimulated with TNF-α were used as a positive control. Taken together, these results suggest 
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that EGCG reduced PCB 126-mediated induction of p65 and suppressed NF-κB signaling 

via preventing PCB 126-induced p65 nuclear translocation in endothelial cells.

EGCG attenuates PCB 126-mediated induction of NF-κB-regulated inflammatory genes

To test whether EGCG can protect endothelial cells against PCB 126-induced vascular 

inflammation, expression of NF-κB-regulated inflammatory genes IL-6, CRP, ICAM-1, 

VCAM-1, IL-1α, and IL-1β were quantified using qRT-PCR. IL-6 is a potent proatherogenic 

cytokine involved in many pathologic processes characterized by vascular inflammation and 

has been shown to enhance fatty lesion development [39]. As shown, a significant increase 

of IL-6 mRNA was observed following exposure to PCB 126 and pre-treatment with EGCG 

significantly reduced PCB 126-induced IL-6 mRNA expression (Fig 2). In addition, PCB 

126-induced expression of CRP, ICAM-1, VCAM-1, and IL-1α/β were also significantly 

attenuated by EGCG. It is also worth noting that EGCG treatment markedly decreased the 

expression of these inflammatory genes at base-line levels. Overall, these data imply that 

EGCG can protect endothelial cells from PCB 126-mediated vascular inflammation through 

down-regulation of proatherogenic cytokines and adhesion molecules.

EGCG reverses PCB 126-induced chromatin binding of acetylation enzymes and induces 
H3 hypo-acetylation

NF-κB subunit p65 has also been shown to interact with HDACs 1–3 and p300, which seem 

to be crucial for the acetylation/deacetylation of particular histones of target genes [27–29]. 

The reversible acetylation caused by the exchange between the HAT and HDAC binding in 

the promoter region of target genes determines the subsequent expression level of NF-κB-

regulated genes. In order to test this hypothesis, the recruitment of p300 and HDAC 1–3 to 

the promoter region of NF-κB-regulated genes were assessed. The promoters of NF-κB-

regulated genes, such as IL-6, CRP, ICAM-1, VCAM-1, and IL-1α/β, contain well-

characterized NF-κB-binding sites. ChIP assay was used to determine whether p65, p300 or 

HDAC 1–3 were associated with those promoters in PCB 126-treated endothelial cells with 

or without EGCG. PCB 126 exposure led to a significant increase in binding of p65 and 

p300 to the NF-κB-binding site of the IL-6 promoter. However, addition of EGCG resulted 

in a markedly decreased recruitment of both p65 and p300 to the NF-κB-binding site (Fig 

3A left). The recruitment of HDAC1/2 was modulated by treatment with PCB 126/EGCG 

oppositely compared to p65 and p300. Specifically, PCB 126 exposure decreased the 

chromatin binding of HDAC1/2 and pre-treatment with EGCG significantly enhanced 

HDAC1/2 recruitment in the promoter region of IL-6 (Fig 3A right). Changes in the 

chromatin recruitment of HDAC3 was not affected by either PCB 126 or EGCG treatment. 

Similar epigenetic modification pattern were observed in the promoter region of other NF-

κB-regulated genes CRP, ICAM-1, VCAM-1, and IL-1α/β (Fig 3B–G). Furthermore, EGCG 

reduced acetylation of H3, which is an activation mark, and substantially resulted in the 

deactivation of the inflammatory genes described above (Fig 4). These data suggest that 

EGCG can prevent vascular inflammation through exchange of HAT and HDAC chromatin 

recruitment and histone hypo-acetylation events, further confirming the importance of the 

balance between HAT and HDAC to the NF-κB-mediated inflammatory signaling.

Liu et al. Page 5

J Nutr Biochem. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

Atherosclerosis is a chronic inflammatory disease and the underlying cause of most CVD 

[40]. Dysfunction of the endothelium is regarded as an important factor in the pathology of 

atherosclerosis [7]. There is accumulating evidence that persistent organic pollutants such as 

PCBs can accelerate an inflammatory response in vascular tissues [11–13, 22, 23, 41]. In the 

current studies, we demonstrated that EGCG significantly attenuated PCB 126-mediated 

induction of proatherogenic cytokines and adhesion molecules such as IL-6, CRP, ICAM-1, 

VCAM-1, and IL-1α/β in human endothelial cells. Although the EGCG concentrations used 

in our study are lower than in previous studies [23], our preliminary data showed that these 

concentrations exerted maximum endothelial cell protection against PCB exposure.

Inflammatory cytokines and adhesion molecules are directly regulated by the activation of 

NF-κB [24]. In the nucleus, NF-κB p50/p65 dimers bind to the promoters of NF-κB-

dependent inflammatory genes and regulate a large number of genes that are involved in the 

pathology of atherosclerosis, such as ICAM-1, VCAM-1, and IL-1 [42–45]. NF-κB activation 

and nuclear localization of p65 were detected in human atherosclerotic lesions in endothelial 

cells, macrophages and vascular smooth muscle cells [46]. Coplanar PCBs can enhance the 

activation of NF-κB, which then induces the expression of inflammatory genes encoding a 

number of mediators of atherogenesis such as inflammatory cytokines and adhesion 

molecules [47]. Moreover, EGCG has been shown to prevent NF-κB transactivation activity 

and thus can reduce vascular inflammation [20, 21, 48–50]. In our present study, EGCG 

prevented PCB 126-induced NF-κB activation by greatly suppressing the increased p65 

nuclear translocation. In fact, PCB 126 increased p65 nuclear translocation and its activation 

similar to TNF-α, an inflammatory cytokine used as a positive control in our experimental 

settings.

Recent evidence suggests that EGCG can contribute to epigenetic metabolic regulation due 

to its inhibitory activities to polycomb group proteins, DNA methyltransferases, HDACs, 

and HATs [51–55], although the possible relevance of the inhibitory activity to its anti-

cancer or atheroprotective properties is not well established. The HDAC or HAT inhibitory 

activity of EGCG has been shown to lead to hyper- or hypo-acetylation of non-histone 

proteins such as p53, p65, androgen and estrogen receptors [52, 54–56]. Even though in our 

study p65 acetylation was not diminished by EGCG (data not shown) as demonstrated 

previously [52], we found that EGCG can reduce the binding of p65 and p300 to the 

promoter region of NF-κB-regulated genes with an increased recruitment of HDAC1/2. This 

highlights the importance of the balance between HATs and HDACs in the NF-κB-mediated 

inflammatory signaling pathway. In general, histone acetylation is a dynamic and reversible 

post-translational modification regulated by the opposing activities of HATs and HDACs 

[57]. Acetylation catalyzed by HATs usually marks transcriptionally active genes, as it 

contributes to the decondensed chromatin state and maintains the unfolded structure of the 

transcribed nucleosome [57]. In contrast, HDACs are found in corepressor complexes 

catalyzing deacetylation of histones and resulting in the formation of a compacted, 

transcriptionally repressed chromatin structure [58]. In our study EGCG modulated HAT 

and HDAC chromatin recruitment leading to histone hypo-acetylation in downstream target 

genes, which is consistent with the endpoints of an inflammatory response. Histone hypo-
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acetylation creates transcriptionally repressed chromatin structure and causes deactivation of 

downstream genes. HDACs are typically present in multiple distinct complexes while they 

have relatively low substrate specificity if operating independently of other proteins, and 

thus may deacetylate multiple lysine residues in histones [59–61]. Therefore, we examined 

the overall acetylation level of histone H3 instead of specific lysine residues in our study.

Some future studies may be needed to determine the effect of EGCG on histone acetylation 

in loci not related to inflammation. Our study focused on endothelial inflammation, thus we 

did not expand to non-inflammatory targets. However, previous studies have shown that 

EGCG can prevent the expression of the proapoptotic genes Bax and Bad while inducing 

antiapoptotic genes in a model of 6-hydroxydopamine-induced apoptosis in human 

neuroblastoma cells [62, 63], which indicates that EGCG could also function in non-

inflammatory pathways. Additionally, it is not known if other polyphenols can lead to 

similar epigenetic changes. Thus, we do not know for certain whether the anti-inflammatory 

effects of EGCG can be generalized to all polyphenols.

In conclusion, our findings in this study demonstrate that EGCG, the major bioactive 

polyphenol present in green tea, attenuates PCB-induced vascular inflammation via a 

repressive epigenetic effect on the NF-κB signaling pathway. These findings indicate that 

EGCG has anti-inflammatory properties in vascular diseases, which may be in part via 

epigenetic modifications of NF-κB target genes. Thus, epigenetic regulation of vascular 

inflammation by EGCG may explain in part its protective mechanisms and thus support the 

consumption of green tea as a potential candidate for the treatment and prevention of 

vascular inflammation and atherosclerosis against environmental pollutants.
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Abbreviations

ac-H3 acetylated H3

ChIP chromatin immunoprecipitation

CRP C-reactive protein

CVD cardiovascular diseases

DAPI 4, 6-diamidino-2-phenylindole

EGCG epigallocatechin-3-gallate

GAPDH glyceraldehyde-3-phosphate dehydrogenase

HAT histone acetyltransferase

HDAC histone deacetylase
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ICAM-1 intercellular adhesion molecule-1

IKK I kappa B kinase

IL interleukin

NF-κB nuclear factor-kappa B

PCBs polychlorinated biphenyls

qRT-PCR quantitative real-time PCR

TNF-α tumor necrosis factor alpha

VCAM-1 vascular cell adhesion molecule-1
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Highlights

EGCG reduced PCB 126-induced expression of p65 and repressed NF-κB signaling 

by preventing PCB 126-induced p65 nuclear translocation.

EGCG down-regulated the expression of proatherogenic cytokines and adhesion 

molecules to protect endothelial cells from PCB 126-mediated vascular 

inflammation.

EGCG prevented vascular inflammation through modified HAT and HDAC 

chromatin recruitment and histone hypo-acetylation, which represses expression of 

NF-κB-regulated genes.
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Figure 1. EGCG decreases PCB-induced NF-κB activation
(A) EGCG decreased PCB 126-induced p65 expression. Cellular p65 mRNA level was 

measured in endothelial cells which were pre-treated with 15 or 30 μM of EGCG (E15, E30) 

for 8 h, and then treated in fresh medium with 0.03 nM of PCB 126 for 16 h. Values are 

means ± SD with n=3. *Significantly increased compared to the DMSO 

control. #Significantly decreased compare to the PCB treatment group. (B) Protein levels of 

p65, IKK-α/β, IκB-α and -β were measured by immunoblotting. Actin was used as the 

loading control. (C) EGCG decreased PCB 126-mediated p65 nuclear translocation. The 

intracellular localization of endogenous p65 was analyzed by immunocytochemical staining 

using anti-p65 (green) and the nucleus was visualized by DAPI staining (blue).
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Figure 2. EGCG attenuates PCB 126-induced inflammatory gene expression
The mRNA level of inflammatory genes was analyzed using qRT-PCR. Endothelial cells 

were pretreated with 15 or 30 μM of EGCG for 8 h, and followed by treatment in fresh 

medium with 0.03 nM of PCB 126 for 16 h. Values are the means ± SD with 

n=3. *Significantly increased compared to the DMSO control. ^Significantly decreased 

compared to the DMSO control. #Significantly decreased compare to the PCB treatment 

group.
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Figure 3. EGCG reverses PCB 126-induced chromatin binding of acetylation enzymes
The recruitment of p65, p300, and HDAC1-3 was modulated by EGCG in the promoters of 

IL-6 (A), CRP (B), ICAM-1 (C), VCAM-1 (D), IL-1α (E), IL-1β (F) and GAPDH (G). 

Sheared chromatin from whole-cell lysates was immunoprecipitated with antibodies against 

the indicated proteins. IgG was used as a negative control. The GAPDH promoter was used 

as control locus. Values are means ± SD with n=3. *Significantly increased compared to the 

DMSO control. ^Significantly decreased compared to the DMSO control. #Significantly 

decreased compared to the PCB treatment group.
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Figure 4. EGCG induces H3 hypo-acetylation as a result of HAT/HDAC binding exchange
The H3 acetylation was enhanced by PCB 126 and decreased by the pre-treatment with 

EGCG in the NF-κB-regulated genes. H3 is the control for nucleosomal occupancy. Values 

are means ± SD with n=3. *Significantly increased compared to the DMSO 

control. ^Significantly decreased 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

Gene1 Sequence (5′-3′) F/R2 Template

CRP
GCCCTTCAGTCCTAATGTCCTG F

cDNA
AGCATAGTTAACGAGCTCCCAGA R

CRP
CGCTCCTATGATCCACCCA F

gDNA
CCAAAGTGCTGGGATTACAGGCA R

GAPDH
TCCACTGGCGTCTTCACC F

cDNA
GGCAGAGATGATGACCCTTT R

GAPDH
GCAAGGTCATCCCTGAGCTGAA F

gDNA
GGGTGTCGCTGTTGAAGTCAGA R

ICAM-1
GCCACCCCAGAGGACAA F

cDNA
CCATTATGACTGCGGCTGCTA R

ICAM-1
CAGGATTTTCCCAGGCCTTCTGA F

gDNA
GGAGGTCGCGCAGCAGAA R

IL-1α
ACAAAAGGCGAAGAAGACTGA F

cDNA
GGAACTTTGGCCATCTTGAC R

IL-1α
CGATTTCTCCCTTCCTCCTAGAAACTTGA F

gDNA
CGGGGAATTTACAGGGAAGAATTCAGT R

IL-1β
CTGTCCTGCGTGTTGAAAGA F

cDNA
TTGGGTAATTTTTGGGATCTACA R

IL-1β
GATTTGGAAAGTCCCAGTACTACCCTGA F

gDNA
CCTCTGTCCCCTAAATGTTTCCACA R

IL-6
CAATGAGGAGACTTGCCTGGTGA F

cDNA
TGGCATTTGTGGTTGGGTCAG R

IL-6
GACATGCCAAAGTGCTGAGTCACTA F

gDNA
ATTGAGACTCATGGGAAAATCCCACA R

p65
GGCCATGGACGAACTGTTCC F

cDNA
GAGGGTCCTTGGTGACCAG R

VCAM-1
GTCTTGGTCAGCCCTTCCT F

cDNA
ACATTCATATACTCCCGCATCCTTC R

VCAM-1
GGACAGAGAGAGGAGCTTCAGCA F

gDNA
GGCGGAGGGAAATCCCTTCAA R

1
Genbank entries: CRP = Homo sapiens c-reactive protein (NM_000567.2 for cDNA, NC_000001.10 for gDNA); GAPDH = Homo sapiens 

glyceraldehyde-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, NC_000019.9 for gDNA); IL-1α = Homo sapiens interleukin-1 alpha (NM_000575.3 for cDNA, 
NC_000002.11 for gDNA); IL-1β =Homo sapiens interleukin-1 beta (NM_000576.2 for cDNA, NC_000002.11 for gDNA); IL-6 = Homo sapiens 
interleukin-6 (NM_000600.3 for cDNA, NC_000007.13 for gDNA); p65 (also known as RelA) = Homo sapiens v-rel avian reticuloendotheliosis 
viral oncogene homolog A (NM_021975.3 for cDNA); VCAM-1 = Homo sapiens vascular cell adhesion molecule 1 (NM_001078.3 for cDNA, 
NC_000001.10 for gDNA).

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