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I. INTRODUCTION 

Every thirty seven seconds an American dies from cardiovascular disease (CVD).1  

The estimated cost of health care in 2010 for the one in three Americans affected by 

cardiovascular disease is over half a trillion dollars.2 CVD encompasses a wide range of 

pathophysiologies involving the myocardium and/or its associated blood vessels.3  In 

general, CVD involves disease related to atherosclerosis- a disease of the arterial wall 

characterized by progressive accumulation of lipid and fibrous deposits.4  CVD is a 

complex disease influenced by acquired and genetic factors.  The high prevalence and the 

economic impact of this disease drives the need for continuing research in order to 

alleviate its financial and human cost. 

I.1 Atherosclerosis 

There are a broad range of risk factors that contribute to the high prevalence of 

atherosclerosis and subsequent CVD.  While some risk factors such as age, sex, family 

history and genetics cannot be changed, others such as smoking, diet, and physical 

activity are the first line of CVD prevention.3  Metabolic abnormalities including obesity, 

dyslipidemia, and hypertension also put individuals at greater risk.  Finally, disease 

markers such as C- reactive protein (CRP) also play a role in CVD.5  All of the 

aforementioned risk factors greatly enhance the probability of developing CVD; the most 

severe consequences of which are myocardial infarction (heart attack), stroke, and death.6  

The development and progression of atherosclerosis involves several 

pathophysiological processes.  Atherosclerosis begins with the development of a fatty 

streak.  Low density lipoprotein (LDL) molecules enter the arterial intima and 

accumulate.7  The accumulating LDL is oxidized and provokes an inflammatory response 
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in the vasculature resulting in active recruitment of inflammatory molecules, primarily 

monocytes and lymphocytes.8  Upon reaching the intima, monocytes differentiate into 

macrophages, which then consume oxidized lipid and transform to foam cells.  Thus, a 

fatty streak develops and a thick fibrous cap develops over the legion.7  Invading 

inflammatory molecules release inflammatory cytokines and chemokines, which cause 

the death of smooth muscle cells and the breakdown of collagen.  With the progression of 

this inflammatory state, vessel wall integrity is effectively compromised, resulting in the 

breakdown of the fibrous cap of the atheroma.  The weakened cap is thus more prone to 

rupture from the pressure of the blood flow across it.8  A tear in the cap exposes the pro-

coagulant subendothelium.  A clot can form and block the artery resulting in unstable 

angina or, if prolonged, a myocardial infarction.7, 8  Overall, the development and 

progression of atherosclerosis involves not only lipid accumulation but a strong 

inflammatory response involving a number of inflammatory cytokines and chemokines 

[Figure I-1]. 

I.2 Inflammatory molecules 

CVD begins with LDL but it ends when vascular inflammation triggers plaque 

ruptures.  The inflammatory molecules involved in this process are multiple and diverse 

ranging from cytokines to acute phase proteins.  Vascular cell adhesion molecule 

(VCAM) is a potent cytokine with a strong tie to atherosclerosis.  Lipoprotein associated 

phospholipase A2 (LpPLA2) is an enzyme that acts as an upregulator of inflammation.  

Transcription factors such as nuclear factor kappa-light-chain-enhancer of activated B 

cells (NFκB) and acute phase protein C-reactive protein (CRP) also play a role.  The 
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inflammatory markers above all contribute to the strong inflammatory response involved 

in the progression of atherosclerosis. 

I.2.1 VCAM 

The VCAM gene encodes a cell surface sialoglycoprotein expressed by cytokine- 

activated endothelium and mediates leukocyte-endothelial cell adhesion and signal 

transduction.9  Investigating the importance of VCAM in animal models of 

atherosclerosis, Nakashima et al. and Cylbulsky et al. first reported their potential role in 

the development of atherosclerosis.  Using the ApoE -/- knockout model of 

atherosclerosis, Nakashima et al. found that VCAM-1 staining appeared over the surface 

of endothelial cells in lesion-prone sites compared to control mice that showed very weak 

VCAM-1 staining and only where there was altered blood flow.10  Attempting to 

elucidate the role of VCAM localization, Cylbulsky et al. compared mouse lines with 

fully functioning VCAM-1 (VCAM +/+) and mice with a mutation in the VCAM-1 gene 

resulting in drastically decreased production of the protein VCAM-1 (D4D/D4D).11  The 

areas of early atherosclerotic regions in VCAM-1 (D4D/D4D) mice were significantly 

reduced compared to VCAM-1 (+/+) mice.  Thus, Nakashima et al. and Cylbulsky et al. 

showed collectively that VCAM-1 localizes to atherosclerotic lesions and may play a key 

role in atherogenesis. 

I.2.2 LpPLA2 

 LpPLA2 is an upstream regulator of inflammation and an important 

inflammation marker in atherosclerosis as it is intimately involved in the formation of the 

fatty streak.12  LpPLA2 catalyzes the hydrolysis of the sn-2 fatty acyl bond releasing 
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lysophatidylcholine (lyso-PC) and oxidized non esterfied fatty acids (NEFA).13  Both 

lyso-PC and NEFA upregulate adhesive molecules (eg. VCAM-1, MCP-1) and cytokines 

resulting in recruitment of monocytes to the intimal space leading to the formation of a 

fatty streak.  Furthermore, lyso-PC and NEFA also release arachidonic acid,14 a necessary 

precursor for producing inflammatory leukotrienes as well as prostaglandins.15  Given the 

number of inflammatory pathways downstream from the enzyme and its involvement in 

the formation of the initial fatty streak, it is clear that LpPLA2 is an important 

inflammatory marker in atherosclerosis. 

I.2.3  NFκB 

 NFκB is a protein complex that acts as a transcription factor which regulates 

genes that are involved in cell proliferation, cell survival, and the immune response.16   

NFκB has been shown to play a causative role in the inflammatory process and is 

responsible for the transcription of a multitude of genes that encode pro-inflammatory 

cytokines and chemokines.17  NFκB is a heterodimer that is sequestered in the cytoplasm 

by its inhibitor, IκB.  However, when extracellular stimuli activate the IκB kinase 

complex, the inhibitory IκB protein is phosphorylated, ubquitinated, and subsequently 

degraded by the 26S proteasome.  NFκB is then free to translocate to the nucleus and 

initiate transcription of pro-inflammatory cytokines and chemokines.18  

I.2.4 CRP  

CRP is an acute phase protein that is upregulated in response to inflammation.5  

The discovery of C-reactive protein (CRP) has allowed inflammation to be measured in a 

clinical setting.  Numerous studies have shown that CRP is associated with CVD and 
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individuals with elevated levels of CRP are at greater risk for coronary heart disease 

events.19-21  It has been shown in the literature that treatments for CVD and 

atherosclerosis, such as the statins and fenofibrate, reduce CRP levels independent of the 

lipid lowering mechanisms.22-24  Overall, the molecular mechanism by which CVD and 

atherosclerosis drug therapies reduce lipids is well understood, however the molecular 

mechanism by which these drugs reduce inflammation has yet to be elucidated.  There 

are several drugs on the market for treatment and prevention of cardiovascular disease 

these include: statins, bile-acid sequesterants, niacin, cholesterol absorption inhibitors, 

and fibrates. 

I.3 Fenofibrate 

 Fenofibrate, a pro drug that is administered in an inactive form and hydrolyzed to 

its active metabolite fenofibric acid after absorption by the gut, is used for treatment of 

hypertriglyceridemia, mixed dyslipidemia and hypercholesteromia.25, 26  In addition to 

these lipid modifying effects, fenofibrate also has shown antioxidant effects, anti-

inflammatory effects and anti-thrombotic effects, as well as improvements in endothelial 

function.27  Thus, fenofibrate provides additional benefits besides its beneficial effect on 

serum lipid profile. 

Mechanistically, fibrates stimulate cholesterol efflux by upregulating proteins 

involved in reverse cholesterol transport (RCT) and decreasing the production of proteins 

that interfere with RCT.  ATP-binding cassette transporter A1 (ABCA1) is involved in 

the first steps of RCT by mediating the efflux of phospholipids to lipid poor 

apolipoproteins (eg. Apoliprotein AI and apolipoprotein AII).25  Apo AI and Apo AII are 
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both major components of high density lipoprotein (HDL)28, (and then form nascent high 

density lipoprotein).  Fibrates induce the expression of the genes of Apo AI and Apo AII 

thus increasing the serum concentration of HDL level.29,28,30  Fibrates also decrease 

production of apolipoprotien C-III, a protein which inhibits triglyceride hydrolysis by 

lipoprotein lipase (LPL), and upregulates LPL.29,28  This leads to increased very low 

density lipoprotein (VLDL) clearance and produces more buoyant LDL particles.  

Finally, fibrates increase the synthesis of Acyl-CoA synthase which catalyzes the 

addition of free fatty acid onto Acetyl-CoA.28  This reduces the levels of free fatty acids 

in hepatocytes, leading to decreased production of triglycerides and decreased production 

of VLDL.30-32  The stimulated expression of Apo A-I, Apo A-II, and ABCA1 all lead to 

increased production of HDL particles and RCT.  While the increase of LPL and Acyl-

CoA synthase clear VLDL from the blood stream and decrease its production.  The lipid 

modifying effects of fenofibrate is largely due to the activation of PPAR-α [Figure I-2]. 

I.4 Peroxisome proliferator-activated receptors 

Peroxisome proliferator-activated receptors (PPARs) are ligand-activated 

transcription factors of the nuclear hormone receptor superfamily.  PPARs form a 

heterodimer with another nuclear receptor, retinoid X receptor (RXR).  The heterodimer 

of PPAR/RXR binds to a specific DNA sequence element called proliferator response 

element (PPRE), which lies within the promoter of the genes regulated by PPARs.33  

There are three different isoforms, PPAR-α, PPAR-γ, PPAR-δ; in general PPARs 

regulate energy homeostasis, as well as the balance between cell proliferation, survival 

and differentiation.  PPAR-α plays a key role in fatty acid transport and oxidation and 

PPAR-γ is a major regulator of lipid storage in adipose tissue, regulates differentiation of 
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adipocytes and has anti-inflammatory activities34 whereas PPAR-δ is involved in brain 

lipid metabolism, embryo implementation, and anti-inflammatory activities.32  All 

isoforms interact with saturated and unsaturated fatty acid ligands.  Fenofibrate is a 

synthetic ligand for PPAR-α and the drug class of thiazolidinedione, also called 

glitazones, is a ligand for PPAR-γ.  There is currently no drug that specifically targets 

PPAR-δ.35   PPAR’s are nuclear hormone receptors that regulate energy homeostasis and 

act as agonists for natural and synthetic ligands. 

 PPAR- δ has shown potential as a possible therapeutic target for CVD and the 

ability to regulate the other isoforms of PPAR.  While there is no drug that specifically 

targets PPAR –δ, a study by Oliver et. al. treated obese rhesus monkeys with a synthetic 

PPAR-δ agonist, GW501516, in a dose dependent matter and showed changes in 

metabolic variables.  There was a 79% increase in serum HDL levels, a 56% decrease in 

triglycerides, a 29% decrease in LDL, and a 48% increase in fasting insulin levels.  These 

results suggest that PPAR-δ agonists may provide a promising therapeutic target for 

CVD.36  Furthermore, PPAR-δ has also shown a capacity for regulating PPAR- α and 

PPAR-γ.  Two hybrid assays demonstrated that PPAR-δ represses PPAR-α and PPAR-γ 

mediated transcription.  Competition for DNA binding to PPRE and the recruitment of 

co-repressors are the underlying mechanism for PPAR-δ-mediated isoform repression.37  

The differential expression of PPAR-δ acts as a gateway receptor to modulate PPAR-α 

and PPAR-γ.  PPAR-δ is emerging as a prospective player in the prevention of CVD. 

I.5 Preliminary Data 
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 A recent study in our laboratory reported that fenofibrate treatment induced B-cell 

CLL/lymphoma 6 (zinc finger protein 51), Bcl-6, and Split ends (Spen) in total RNA in 

peripheral leukocytes.38  Nineteen individuals with hypertriglyceridemia (baseline plasma 

TG levels > 150 mg/dl) were selected from the GOLDN study (Genetics of lipid of  

lowering drug and diet network).  GOLDN subjects went through a 3-week unblinded 

fenofibrate treatment (160 mg/d).  Microarray analysis was performed on Genenews TM 

platform and paired t-tests were used for comparing before and after treatment gene 

expression profiles.  Bcl-6 showed a 1.8 fold increase and Spen showed a 1.7 fold 

increase after 3 weeks of fenofibrate treatment.  Among the 271 genes that showed 

different total RNA quantity before and after treatment, Spen and Bcl-6 represented the 

greatest increase in total RNA.  

I.6 B-cell CLL/lymphoma 6 (zinc finger protein 51) 

The protein encoded by Bcl-6 is a zinc finger transcription factor that is involved 

in transcription repression, cytoskeleton regulation, and protein 

ubquitination/degredation.39, 40  Bcl-6 is found in low abundance in multiple tissues but 

highly expressed in mature B-cells.41  Bcl-6 needs a DNA binding site and a POZ domain 

for cooperative binding to repress the transcription of the target gene.42  POZ (Pox virus 

zinc finger) forms obligate homodimers with other POZ domains40 and recruits histone 

deacetylase (HDACs) and other nuclear co-repressers.43  Bcl-6 is a sequence specific 

repressor of transcription that interacts with POZ domains of other genes. 

Recently, Bcl-6 was found to interact with PPAR-δ in a ligand sensitive manner.31  

Immunoprecipitation of transfected 293 cells (human kidney epithelial cells) expressing 
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epitope-tagged Bcl-6 and PPAR-δ indicated that the proteins interacted in a complex that 

was disrupted by PPAR-δ ligand.  A mutant PPAR-δ receptor that is deficient in ligand-

induced compressor release maintained interaction with Bcl-6 regardless of the ligand 

status.  These results suggest that Bcl-6 and PPAR-δ associate when PPAR-δ is in its 

repressive mode. 
 
Further experiments done by Fan et al. have confirmed the results 

found by Lee et al. 31 Fan et al. performed a co-immunoprecipitation and confirmed that 

Bcl-6 interacts with PPAR-δ in human umbilical vein endothelial cells (HUVECs).  The 

addition of ligand reduced the amount of Bcl-6 associated with PPAR-δ, but not the 

amount of intracellular protein.44  Both investigations into Bcl-6 provide evidence of its 

direct interaction with PPAR-δ. 

I.7 Bcl-6 Target genes 

Bcl-6 binds to specific DNA target sequences within the promoter region of its 

target gene.42  NFκB, a protein complex which acts as a transcription factor, is a direct 

transcription target of Bcl-6 in mature B cell lines, skeletal muscle, thymus, and 

macrophage lines.  In macrophage cell lines, Bcl-6 -/- mice showed an increase in p105/ 

p50 expression and enhanced NFκB binding activity of p50 homodimer and p50/p65 

heterodimer.45  The data suggest a repressive role for Bcl-6 on NFκB expression. 

Apart from NFκB, Bcl-6 may also repress additional inflammatory molecules 

such as monocyte chemotactic protein 1 (MCP-1) and VCAM . MCP-1 is a chemokine 

that recruits inflammatory molecules to sites of infection or injury.  Toney et al. showed 

that Bcl-6 directly repressed the transcription of MCP-1 in macrophages.46  The inhibitory 
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effect of PPAR-δ agonist on MCP-1 gene expression was proposed to result from the 

disassociation of Bcl-6 from PPAR-δ after ligand binding47 [Figure I-3].  

While Toney et al. focused on MCP-1, Fan et al. explored the potential for Bcl-6 

to repress VCAM-1.  Using chromatin immunoprecipitation (CHiP) assays, Fan et al. 

demonstrated that the PPAR-δ synthetic ligand, GW0742, increased the association of 

Bcl-6 and the VCAM-1 promoter.  This suggests that GW0742 suppresses endothelial 

activation by initiating the relocation of Bcl-6 from PPAR-δ to the promoter region of 

pro-inflammatory target genes (eg. VCAM).
44

 Toney et al. and Fan et al. demonstrated 

that Bcl-6 targets inflammatory molecules VCAM-1 and MCP-1, and furthermore, the 

interaction between Bcl-6 and the inflammatory molecules is mediated by PPAR-δ.44, 46 

Further supporting its role as an anti-inflammatory protein, Bcl-6 was also found 

to repress IL-1β – induced sPLA2-IIA gene transcription in vascular smooth muscle cells 

(VSMC).  VSMCs were transciently transfected with the luciferase reporter plasmid 

containing the sPLA2 promoter.  The repressor activity of Bcl-6 was measured by co-

transfecting the reporter gene and Bcl-expression vectors into VSMCs.  The transfected 

cells were pre-treated with PPAR-δ agonist for 6 hr and then stimulated with IL-1β for 24 

hr. Inhibition of sPLA2 by Bcl-6 vector was strengthened after treatment by PPAR-δ 

agonist.  The data suggest that Bcl-6 functions as a potent repressor for the sPLA2-IIA 

gene in VSMCs.  ChIP experiments were done to confirm that Bcl-6 binds to the 

endogenous sPLA2 promoter and that PPAR-δ ligands induce that binding.48  The authors 

subsequently concluded that Bcl-6 directly targets sPLA2 and is directly influenced by 

PPAR-δ ligands.  Our preliminary study confirmed this finding in 100 individuals of the 
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GOLDN study: fenofibrate reduced LpPla2 levels especially in individuals with high 

baseline LpPLA2.  

I.8 Spen 

Spen is a hormone inducible transcriptional repressor first identified in 

Drosophila.  The human homolog of this gene is called SHARP (SMRT/HDAC1 

Associated Repressor Protein).  SHARP is biologically important for the regulation of 

developmental and signaling pathways.  However, its role at the molecular level is not 

well understood.49  It is expressed in high levels in the brain, testis, spleen, and thymus 

and lower levels in kidney, liver, and spleen.50  It has three RNA recognition motifs 

(RRMs) located near the N-terminus, which would suggest an RNA or DNA binding 

role.49  The structure of SHARP provides some possible insight to its role at the 

molecular level, however, apart from its biological importance in regulating 

developmental and signaling pathways, little is known about this gene. 

SHARP binds to co-repressor proteins silencing mediator for retinoid and thyroid 

(SMRT) hormone receptors and nuclear co-receptor repressor (NCOR). The SPOC 

domain of SHARP is sufficient for interaction with the C-terminal LSD peptide of SMRT 

and NCOR.  In a β-galactosidase assay in yeast, SMRT LSD and N-CoR LSD interacted 

strongly with SHARP.  Mammalian and yeast two hybrid assays were done to further 

investigate the interaction between SMRT and SHARP.  SHARP was pulled out 

repeatedly using SMRT as bait.49, 50  SHARP also recruits histone deacetylase activity 

(HDACs).  HDACs remove acetyl groups causing chromatin to condense, which prevents 

transcription.50  SHARP represses both liganded and non-liganded nuclear receptor 
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transcription by association with co-repressors SMRT and NCOR and HDACs.37  PPAR-

δ associates strongly with SMRT but only weakly with NCOR in a two-hybrid assay 

where the co-repressors served as bait.  PPAR-δ was found to interact with SHARPs C-

terminal receptor interaction domain, SPOC, by a coimmunoprecipitation assay.  PPAR-δ 

also associates strongly with HDACs.37 SHARP is directly associated with co-repressors 

SMRT and NCOR as well as interacting with PPAR-δ indirectly and directly.  Regardless 

of these findings much more research is needed to truly understand the molecular 

function of SHARP. 

I.9 Objectives of my study 

The purpose of the current study is to confirm data obtained from a preliminary 

study of 19 participants of GOLDN.  The gene expression of Bcl-6, which is 

hypothesized to contribute to the anti-inflammatory effects of fenofibrate, was measured 

in 29 individuals.  The gene expression levels of Bcl-6 before and after treatment with 

fenofibrate were compared in these individuals.  This study investigates the molecular 

mechanism of the anti-inflammatory effect of fenofibrate which is currently unknown. 

Inflammation plays a key role in CVD and having a greater understanding of how to treat 

inflammation would greatly benefit individuals suffering from CVD or those who are 

predisposed to this disease.  Furthermore, determining the anti-inflammatory mechanism 

of the drug fenofibrate and other medications for treatment and prevention of CVD goes 

beyond CVD as chronic inflammation is present in many diseases and understanding the 

mechanisms of these medications could also benefit additional populations besides those 

affected by CVD.  
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Figure I-1. The earliest changes that precede the formation of atherosclerosis take place 
in the endothelium (endothelial dysfunction), which is the result of exposure to various 
toxic insults.  The endothelial cells increase expression of adhesion molecules and 
secrets various chemokines and growth factors.  The increased adherence of 
monocyte/macrophages and T-cells precede their subendothelial migration. 
Subendothelial macrophages become large foam cells after lipid accumulation.  The 
fatty streak can then progress to an intermediate lesion and ultimately to a fibrous 
plaque as a result of continued inflammation.  The fibrous plaques increase in size and, 
by projecting into the lumen, may impede the blood flow and incite further 
thrombogenic stimuli. Reprinted from Arici et. al.
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Figure I-2. The molecular mechanism of fibrates action on lipids.  
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Figure I-3. A model for the involvement of Bcl-6 in PPAR-δ regulated MCP-1 inhibition. 
Unliganded PPAR-δ sequests BCL-6 protein.  The ligand binding induces release of BCL-6 

from PPAR-δ and results in suppression of MCP-1 gene transcription. Adapted from 
Plutzky et. al. 47
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II. MATERIALS AND METHODS 

II.1 Study subjects 

Participants were recruited through the Impact of of Genetic Determinants of 

Fenofibrate’s Pharmacokinetics on Lipid Response (FPI) Study.  The FPI study is 

approved by the Research Subjects Protection Program at the University of Minnesota 

(IRB# 078M15441, state clinical trial # NTC00613613). Potential participants’ lipid 

profiles were assayed and screened for inflammatory markers VCAM and CRP.  These 

individuals included 17 women and 17 men with a median age of 28.5 years (range, 20 to 

73) [Table II-1].  Ethnic group was classified according to self-reported answers to the 

questions about race.   

II.2 Study design 

Normal 

There are two phases in the FPI Study.  Phase I potential subjects are screened to 

determine if they meet the requirements for the second phase of the study.  A fasting 

blood sample was obtained from all participants for measurement of VCAM, hsCRP, and 

lipid profile (cholesterol,trigcylerides, HDL, LDL).  The study defined elevated VCAM 

as greater than 600 ng/mL, and elevated hsCRP as greater than 1.2 mg/L.  If an individual 

had elevated VCAM and hsCRP values, they were invited to participate in the second 

phase of the study. Two hundred and eight four subjects were screened in Phase 1, of the 

284 subjects 34 qualified to participate in the second phase of the study. 

Phase 2 subjects were dispensed fenofibrate (145 mg/ daily) for four weeks.  The 

subjects had fasting blood samples drawn before and after treatment with fenofibrate 

[Figure II-1].   Five individuals who passed the screening phase, but no longer showed 
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elevated inflammatory markers at the beginning of Phase 2 were dropped from the study 

[Figure II-2]. 

Extended 

Participants in the extended study continued their treatment with fenofibrate for 

an additional 4 weeks, totaling 8 weeks of fenofibrate treatment.  Ten subjects were 

successfully recruited into the extended study. During this period, blood samples were 

drawn at 6 weeks and 8 weeks for a total of four blood draws. 

II.3 RNA Extraction 

Study subjects’ total RNA was extracted from EDTA-anticoagulated blood 

according to the manufacter’s instructors using the PerfectPure RNA Blood Kit 10 ml (5 

Prime, Gaithersburg, MD).  Extraction of RNA involves several steps including cell lysis, 

removal of proteins and genomic DNA, and purification of the ribonucleic acids.  

Precautions were taken to minimize degradation of RNA during the extraction. 

II.4 Reverse Transcription  

Reverse Transcription reactions were carried out in a 50 uL volume containing 

250 ng of total RNA, 500 uM deoxynucleotide triphosphates mix, 5.5 mM MgCl2, 2.5 

uM Oligo dT’s, 0.4 U/uL RNase inhibitor, 3.125 U/uL MultiScribe Reverse 

Transcriptase, and 1X RT Buffer (Applied Biosystems, Foster City, CA).  After 

incubation at 25˚ C for 10 min, the temperature was increased to 37˚ C for 60 min, 

followed by reverse transcriptase inactivation at 95˚ C for 5 min using a GeneAmp PCR 

System 9600 (Perkin Elmer, Cor., Norwalk, CT). 

II.5 Real Time PCR  

II.5.1 18S 
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PCR reactions were carried out in a 20 uL volume containing 25 ng of cDNA, 1X 

SYBR Green PCR reaction mix (Applied Biosystems, Foster City, CA), and 450 nM of 

forward and reverse primer (IDT, Coralville, IA) [Table II-1].  After UNG activation at 

50˚ C for 2 min, AmpliTaq was activated for 10 min at 95 C, followed by the temperature 

being cycled 40 times (at 95˚ C for 15 sec for denaturation, and annealing/extension 

temperature of 60˚ C for 1 min), after each PCR reaction cycle, the melting curve was 

measured (at 95˚ C for 15 sec, 60˚ C for 1 min, and at 95˚ C for 15 sec ),using a 7500 

Fast Real-Time PCR machine  (Applied Biosystems, Foster City, CA).  

II.5.2 Bcl-6 & Spen 

PCR reactions were carried out in a 20 uL volume containing 25 ng of cDNA, 1X 

SYBR Green PCR reaction mix Applied Biosystems, Foster City, CA), and 900 nM 

forward and reverse primer (IDT, Coralville, IA) [Table II-1].  After UNG activation at 

50˚ C for 2 min, AmpliTaq was activated for 10 min at 95 C, followed by the temperature 

being cycled 40 times (at 95˚ C for 15 sec for denaturation, and annealing/extension 

temperature of 60˚ C for 1 min), after each PCR reaction cycle, the melting curve was 

measured (at 95˚ C for 15 sec, 60˚ C for 1 min, and at 95˚ C for 15 sec ),using a 7500 

Fast Real-Time PCR machine  (Applied Biosystems, Foster City, CA).  

II.6 Inflammatory markers and lipids 

Lipid profiles (cholesterol, triglycerides, HDL-C, LDL-C) and hsCRP measurements 

were performed in the Collaborative Studies Clinical Laboratory of Univ of MN. 

Fairview. 

II.6.1 Cholesterol        
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Total cholesterol is measured in EDTA plasma using a cholesterol oxidase 

method (Roche Diagnostics, Indianapolis, IN 46250) on a Roche Modular P Chemistry 

Analyzer (Roche Diagnostics Corporation).  This method incorporates cholesterol 

esterase and peroxidase in the reagent and monitors cholesterol oxidation at 500 nm upon 

conversion of 4-aminoantipyrine to quinoneimine.  This enzymatic method is 

standardized with a serum standard prepared in our laboratory and frozen at -70C.  The 

assigned value of this standard is traceable to replicate Abell-Kendall cholesterol analysis 

performed by a CDC/NHLBI Cholesterol Reference Method Laboratory Network 

laboratory.  The calibration of this assay is regularly monitored by the CDC/NHLBI 

Lipid Standardization Program.  The NCEP program recommends reference range of 

<200 mg/dL.  The laboratory CV is 1.6%. 

II.6.2 Triglyceride          

Triglyceride is measured in EDTA plasma using Triglyceride GB reagent (Roche 

Diagnostics, Indianapolis, IN 46250) on a Roche Modular P Chemistry Analyzer.  

(Roche Diagnostics Corporation).  This assay performs an automated glycerol blank by 

taking a spectrophotometric reading after endogenous glycerol has reacted and before 

lipase is added to release the glycerol from the triglyceride.  This method is calibrated 

with a frozen serum standard prepared in our laboratory and frozen at -70C.  We have 

assigned this calibrator by comparison to CDC reference materials.  The NCEP program 

recommends reference range of <150 mg/dL.  The laboratory CV is 4.0%. 

II.6.3 HDL-Cholesterol         

HDL-cholesterol is measured in EDTA plasma using the cholesterol oxidase 

cholesterol method (Roche Diagnostics) after precipitation of non-HDL-cholesterol with 
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magnesium/dextran.  This method is standardized as described for the cholesterol assay; 

and calibration of the assay is regularly monitored by the CDC/NHLBI Lipid 

Standardization Program.  The NCEP program recommends reference range of >40 

mg/dL.  The laboratory CV is 2.9%. 

II.6.4 LDL-Cholesterol Calculated 

LDL-cholesterol is calculated in plasma specimens having a triglyceride value 

<400 mg/dL using the formula of Friedewald et al. (Friedewald WT, Levy RI, 

Fredrickson DS.  Estimation of the concentration of low-density lipoprotein cholesterol in 

plasma, without use of the preparative ultracentrifuge. (Clin Chem. 1972;18:499-502).  

The NCEP program recommends reference range of <100 mg/dL. 

II.6.5 C-reactive Protein, High Sensitive (hsCRP)     

hsCRP is measured in serum or plasma using a latex-particle enhanced 

immunoturbidimetric assay kit (Roche Diagnostics, Indianapolis, IN 46250) and read on 

the Roche Modular P Chemistry analyzer (Roche Diagnostics).  The reference range is 0 

– 5 mg/L. The inter-assay CV in our laboratory is 4.5%. 

II.6.6 (soluble) Vascular Cell Adhesion Molecule-1 (sVCAM-1)   

sVCAM-1 (soluble vascular cell adhesion molecule-1) is measured using the 

quantitative sandwich enzyme technique of the enzyme immunoassay Human sVCAM-1 

Quantikine assay from R & D Systems (Minneapolis, MN).  The intensity of the color is 

measured on a SpectraMax spectrophotometer (Molecular Devices, Sunnyvale, 

California).  The inter-assay CV range reported in the kit insert is 8.9-10.2% for the 

serum or plasma assay. Our laboratory CV is <10%.   

II.7 Gene expression analysis 
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Gene expression analysis was done with 7500 Software v2.0 on the 7500 Fast-

PCR machine. (Applied Biosystems, Foster City, CA).  The threshold value was set at 

0.200000 for all plates.  Triplicate Ct values of subjects had to be within 0.5 Ct of each 

other.  If an outlier was present, the two remaining Ct values had to be within 0.1 Ct of 

each other.  Relative change in gene expression (n-fold) was calculated according to Plaff 

et. al.
52

  

II.8 Statistical analysis 

Wilcoxon signed rank test was performed to compare the relative gene 

expression; sVCAM-1, hsCRP, and lipid profile expression before and after fenofibrate 

treatment.  A P-value <0.05 was considered to be statistically significant. 
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Table II.1 Table of study subjects 

Subject ID 
Age 

Screening 
(Years) 

Gender  
Male=1 

female=2 
BMI 

1 22 1 28.90 

2 30 2 41.45 

3 21 2 21.02 

4 24 1 22.72 

5 20 1 25.61 

6 26 1 26.76 

7 28 1 34.44 

8 30 2 26.72 

9 32 2 30.04 

10 18 1 22.27 

11 25 2 23.32 

12 20 1 22.86 

13 30 1 35.59 

14 26 2 24.94 

15 48 2 32.41 

16 24 1 33.50 

17 28 2 21.49 

18 31 2 33.45 

19 58 1 29.67 

20 22 1 45.69 

21 30 2 39.43 

22 57 1 30.30 

23 24 2 21.53 

24 18 2 28.21 

25 44 1 21.36 

26 43 2 24.82 

27 19 1 24.16 

28 71 2 24.72 

29 60 1 35.82 

30 20 1 21.25 

31 21 1 21.80 

32 25 2 23.26 

33 27 2 37.69 

34 21 2 22.22 
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Figure II-1 Study design diagram 
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Figure II-2 Flowchart of study subjects
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Table II-2 PCR primer sequences 

Gene Primer sequence (5’-3’) Length 

Bcl-6 F: CCTCACGGTGCCTTTTTTCA 

R:GTAATGCAGTTTAGACACAGCCAAA 

 

201 bp 

Spen F:GTGGTGCTGCTACCTTGTATGTTT 

R:CAGAGTGTCACAGCCTGTCTTCA 

 

213 bp 

18S F:GGCGGCTTTGGTGACTCTAG 

R:CCTGCTGCCTTCCTTGGAT 

 

180 bp 



26 
 

III  RESULTS 

III.1 Comparison of hsCRP before and after fenofibrate treatment 

III.1.1  hsCRP measurement – 4 weeks of treatment 

      III.1.1.1  All subjects 

For hsCRP measurement of subjects treated for 4 weeks with fenofibrate, 29 

pretreatment and 29 post treatment samples were measured. Due to hsCRP levels greater 

than 10 mg/L, which is indicative of recent infection or trauma six subjects were removed 

as outliers.  The average baseline value of hsCRP was 2.8 ± 0.4 mg/L , and 1.8 ± 0.2 

mg/L after treatment [Table III-1].  The difference is not statistically significant (p < 

0.70) [Figure III-1]. Individuals were based into two groups based on their baseline 

hsCRP values. The second tile showed a significant decrease after fenofibrate treatment 

(p < 0.01) [Figure III-1A]. 

III.1.1.2  Individuals with elevated hsCRP and sVCAM-1 

For hsCRP measurement of subjects treated for four weeks with fenofibrate, 17 

pretreatment and 17 post treatment samples were measured [Figure III-2].  Due to hsCRP 

levels greater than 10 mg/L, which is indicative of recent infection or trauma 5 subjects 

were removed as outliers.  The average baseline value of hsCRP was 3.5 ± 0.7 mg/L , and 

2.0 ± 0.4 mg/L after treatment [Table III-2].  The difference is not statistically significant 

(p < 0.30) [Figure III-2A]. 

III.1.1.3  Individuals with elevated hsCRP or sVCAM-1 

For hsCRP measurement of subjects treated for 4 weeks with fenofibrate, 12 

pretreatment and 12 post treatment samples were measured [Figure III-2].  Due to hsCRP 

levels greater than 10 mg/L, which is indicative of recent infection or trauma 1 subject 
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was removed as outliers.  The average baseline value of hsCRP was 2.1 ± 0.5 mg/L, and 

1.5 ± 0.3 mg/L after treatment [Table III-2].  The difference is not statistically significant 

(p < 0.20) [Figure III-3]. 

III 1.2 hsCRP measurement- 8 weeks of treatment 

 For hsCRP measurement of subjects treated for 8 weeks with fenofibrate, 9 

pretreatment and 9 post treatment samples were measured.  Due to hsCRP levels greater 

than 10 mg/L, which is indicative of recent infection or trauma 2 subjects were removed 

as outliers.  The average baseline value of hsCRP was 2.9 ± 0.8 mg/L, while 2.3 ± 0.5 

mg/L in 4 weeks of treatment, 2.4 ±0.6 mg/L after 6 weeks of treatment, and 3.0 ±0.9 

mg/L after treatment for 56 8 weeks [Table III-3].  There were no significant differences 

between the pretreatment and post treatment of 4 weeks, 6 weeks, or 8 weeks (p < 0.81, p 

<0.21, p < 0.93, respectively) [Figure III-4]. 

III.2  Comparison of sVCAM-1 before and after fenofibrate treatment 

III 2.1 sVCAM-1 measurement – 4 weeks of treatment 

III.2.1.1  All subjects  

For sVCAM-1 measurement of subjects treated for 4 weeks with fenofibrate, 29 

pretreatment and 29 post treatment samples were measured.  The average baseline value 

of sVCAM-1 was 704.6 ± 51.7 ng/ml, and 667.7 ± 34.2 ng/ml after four weeks of 

treatment.  The difference is not statistically significant (p < 0.15) [Table III-1][Figure 

III-5 ].  Individuals were grouped into quartiles based on their baseline sVCAM-1 values.  

Quartiles three and four are significantly decreased after 4 weeks of fenofibrate treatment 

(p < 0.04, p<0.01).  Quartiles one and two were not significantly decreased (p < 0.54, p < 

0.21) [Figure III-5A]. 
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III.2.1.2  Individuals with elevated hsCRP and sVCAM-1 

For sVCAM-1 measurement of subjects treated for 4 weeks with fenofibrate, 17 

pretreatment and 17 post treatment samples were measured.  The average baseline value 

of sVCAM-1 was 794.7 ± 79.0 ng/ml, and 734.3 ± 51.5 ng/ml after 4 weeks of treatment 

[Table III-2].  The difference is not statistically significant (p < 0.15) [Figure III-6].  

III.2.1.3  Individuals with elevated hsCRP or sVCAM-1 

For sVCAM-1 measurement of subjects treated for 4 weeks with fenofibrate, 12 

pretreatment and 12 post treatment samples were measured.  The average baseline value 

of sVCAM-1 was 576.9 ± 31.6 ng/ml, and 573.8 ± 24.7 ng/ml after 4 weeks of treatment 

[Table III-2].  The difference is not statistically significant (p < 0.90) [Figure III-7].  

III 2.2  sVCAM-1 measurement- 8weeks of treatment 

 For sVCAM-1 measurement of subjects treated for 8 weeks with fenofibrate, 9 

pretreatment and 9 post treatment samples were measured.  The average baseline value of 

sVCAM-1 was 763.9 ± 154.4 ng/ml, while 734.4 ± 93.2 ng/ml in 4 weeks of treatment, 

789.1 ± 116.1 ng/ml after 6 weeks of treatment, and 785.5 ± 111.6 ng/ml after treatment 

for 8 weeks [Table III-3].  There were no significant differences between the pretreatment 

and post treatment of 4 weeks, 6 weeks, or 8 weeks (p < 1, p < 0.65, p < 0.35, 

respectively) [Figure  III-8].  

III.3   Comparison of lipid profiles before and after fenofibrate treatment 

III.3.1 Lipid profile- 4 weeks of treatment 

 29 pretreatment and 29 post treatment samples were measured for cholesterol, 

triglycerides, LDL-C and HDL-C.  The average baseline of cholesterol was 182.0 ± 6.0 

mg/dL, and 158.7 ± 6.4 mg/dL after treatment.  There was a significant difference 
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between the pretreatment and post treatment samples (p <0.00005).  The average baseline 

of triglycerides was 144.7 + 20.8 mg/dl, and 98.7 + 13.6 mg/dL after treatment.  The 

difference was significant (p < 0.00005).  There was also a significant difference for 

LDL-C (average baseline was 110.5 ± 5.4 mg/dL; post treatment was 94.0 ±5.1 mg/dL; 

p<0.00002).  For HDL-C, the average baseline was 43.7 ± 2.1 mg/dL; post treatment it 

was 45.0 ± 2.0 mg/dL.  The difference was not significant (p<0.62) [Table III-1][Figure 

III-9]. 

III. 3.2   Lipid profile – 8 weeks of treatment 

 Cholesterol, triglycerides, LDL-C, and HDL-C were measured in 9 pre and post 

treatment samples.  Cholesterol measurements for week 0, week 4, week 6, week 8 are 

207.9 ± 5.7 mg/dL, 190.1 ±10.5 mg/dL, 190.5 ± 7.3 mg/dL, and 188.5 ± 7.8 mg/dL, 

respectively.  All differences between week 0 measurement and post treatment 

measurements (week 4, week 6, week 8) were significant (p<0.02 ,p <0.003, p <0.02 

respectively).  The baseline value of triglycerides is 167.8 ± 56.9 mg/dL and the post 

treatment measurements for week 4, week 6, and week 8 are 122.9 ± 32.4 mg/dL, 103.8 ± 

21.0  mg/dL, and 108.1 ± 24.2 mg/dL.  Differences between week 0 and post treatment 

measurements at week 6 and week 8 are significant (p < 0.01, p < 0.003, respectively). 

For LDL-C measurement at week 0 was 135.9 ± 7.0 mg/dL and post treatment values 

were 118.7 ± 8.0 mg/dL, 120.5 ± 7.7 mg/dL, 119.1 ± 6.8 mg/dL for week 4, week 6 and 

week 8 respectively.  All differences were significant ( p < 0.003, p < 0.007, p < 

0.05,respectively).  The average baseline value of HDL-C was 45.5 ± 4.9 mg/dL; post 

treatment it was 47.0 ± 4.2 mg/dL , 49.8 ± 4.5 mg/dL , 50.4 ± 5.1 mg/dL , for week 4, 

week 6 and week 8 respectively.  There was significant difference between pretreatment 
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and post treatment samples at week 6 and week 8 (p < 0.02, p < 0.05) [Table III-

3][Figure III-10]. 

III. 4 Comparison of gene expression before and after treatment 

III. 4.1 Gene expression- 4 weeks of treatment 

III.4.1.1  All subjects 

Gene expression was measured before and after treatment of fenofibrate for genes 

Bcl-6 and Spen in all 29 subjects.  The pretreatment gene expression fold change is 

normalized to 1.  After 4 weeks of treatment the relative expression (n-fold) of Bcl-6 and 

Spen is 0.903 ± 0.09 and 0.845 ± 0.05, respectively [Table III-4].  The change in 

expression from pretreatment and post treatment is significant for Spen only (p < 0.08 , p 

< 0.003,respectively) [Figure III-11]. 

III.4.1.2  Individuals with elevated hsCRP and sVCAM-1 

Gene expression was measured before and after treatment of fenofibrate for genes 

Bcl-6 and Spen.  The pretreatment gene expression fold change is normalized to 1.  After 

4 weeks of treatment the relative expression (n-fold) of Bcl-6 and Spen is 0.864 ± 0.12 

and 0.928 ± 0.04, respectively [Table III-2].  The change in expression from pretreatment 

and post treatment is significant for Bcl-6 (p < 0.03, p <0.14, respectively) [Figure III-

12]. 

III.4.1.3  Individuals with elevated hsCRP or sVCAM-1 

Gene expression was measured before and after treatment of fenofibrate for genes Bcl-6 

and Spen.   The pretreatment gene expression fold change is normalized to 1.  After 4 

weeks of treatment the relative expression (n-fold) of Bcl-6 and Spen is 0.959 ± 0.14 and 
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0.727 ± 0.05, respectively [Table III-2].  The change in expression from pretreatment and 

post treatment is significant for Spen (p < 0.73, p < 0.004, respectively) [Figure III-13]. 

III.4.2  Gene expression- 8 weeks of treatment 

 Gene expression was measured before and after treatment of fenofibrate for genes 

Bcl-6 and Spen.  The pretreatment gene expression fold change is normalized to 1.  The 

relative expression (n-fold) of Bcl-6 after 4 weeks, 6 weeks, and 8 weeks is 0.817 ± 0.13, 

0.757 ± 0.09, 0.921±0.11, respectively.  There was no significant change in gene 

expression between pre and post treatment (p < 0.12, p < 0.07, p < 0.25, respectively).  

The relative expression (n-fold) of Spen after 4 weeks, 6 weeks, and 8 weeks is 0.866 ± 

0.05, 1.047 ± 0.13, 0.964 ± 0.06, respectively [Table III-5].  The change in expression 

from pretreatment and post treatment is not significant (p < 0.07, p < 0.73, p < 0.57, 

respectively) [Figure III-14]. 
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Figure III-1 hsCRP expression before and after 4 weeks of fenofibrate treatment 

 

 

Figure III-1A Two tiles of hsCRP expression before and after 4 weeks of fenofibrate 
treatment 
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Figure III-2  Population dispartiy flowchart 
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Figure III-2A  hsCRP expression of individuals with elevated hsCRP & sVCAM-1 before 
and after 4 weeks of fenofibrate treatment 

 

 

Figure III-3 hsCRP expression of individuals with elevated hsCRP or sVCAM-1 before 
and after 4 weeks of fenofibrate treatment 
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Figure III-4 hsCRP expression before and after eight weeks of fenofibrate treatment 

 

 

Figure III-5  sVCAM-1 expression before and after four weeks of fenofibrate treatment 
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Figure III-5A Quartiles of sVCAM expression before and after four weeks of fenofibrate 
treatment 

 

 

Figure III-6 sVCAM-1 expression in individuals with elevated hsCRP &  sVCAM-1 before 
and after four weeks of fenofibrate treatment 
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Figure III-7 sVCAM-1 expression in individuals with elevated hsCRP or sVCAM-1 in 
individuals before and after four weeks of fenofibrate treatment 

 

 

Figure III-8 sVCAM-1 expression before and after eight weeks of fenofibrate treatment 
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Figure III-9 Lipid profile before and after four weeks of fenofibrate treatment 

 

 

Figure III-10 Lipid profile before and after eight weeks of fenofibrate treatment 
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Figure III-11 Relative change in gene expression before and after four weeks of 
fenofibrate treatment 

 

 

Figure III-12 Relative change in gene expression in individuals with elevated hsCRP & 
sVCAM-1 before and after four weeks of fenofibrate treatment 
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Figure III-13 Relative change in gene expression in individuals with elevated hsCRP or 
sVCAM-1 before and after four weeks of fenofibrate treatment 

 

 

Figure III-14 Relative change in gene expression before and after eight weeks of 
fenofibrate treatment 
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Table III-1.  Plasma and lipoproteins parameters, expressed as mean ± S.E.M., at baseline (W0) and 4 weeks (W4) thereafter 
 

 

      W0   W4   p value   n value 

          Triglycerides (mg/dL) 
 

144.7 + 20.8 
 

98.7 + 13.6  
 

p < 0.00005 
 

29 

          Cholesterol (mg/dL) 
 

182.0 ± 6.0  
 

158.7 ± 6.4 
 

p <0.00005 
 

29 

          HDL-C (mg/dL) 
  

43.7 ± 2.1  
 

45.0 ± 2.0  
 

p <0.62 
 

29 

          LDL-C (mg/dL) 
  

110.5 ± 5.4  
 

94.0 ±5.1 
 

p < 0.00002 
 

29 

          hsCRP (mg/L) 
  

2.8 ± 0.4  
 

1.8± 0.2  
 

p < 0.70 
 

23 

          sVCAM-1 (ng/mL) 
 

704.6 ± 51.7 
 

667.7 ± 34.2  
 

p < 0.15 
 

29 
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Table III-2. Comparison of individuals with elevated hsCRP and sVCAM-1 and individuals with elevated hsCRP or sVCAM-1, 
values expressed as mean ± S.E. M., at baseline week 0 (W0) and 4 weeks (W4) thereafter 

 

  

Individuals with elevated hsCRP and 
sVCAM-1 

Individuals with elevated hsCRP or 
sVCAM-1 

  W0 W4 p value W0 W4 p value 

Bcl-6 gene expression (n-fold) 
1* 0.864 ± 0.12  p < 0.03  1* 0.959 ± 0.14  p < 0.73 

n =17 n=12 

Spen gene expression (n-fold) 
1* 0.928 ± 0.04 p <0.14 1* 0.727 ± 0.05 p < 0.004 

n =17 n=12 

hsCRP (mg/L) 
3.4 ± 0.7  2.0 ± 0.4  p < 0.30 2.1 ± 0.5  1.5 ± 0.3  p < 0.20 

n=12 n=11 

sVCAM-1 (ng/mL) 
794.7 ± 79.0  734.3 ± 51.5 p < 0.15 576.9 ± 31.6 573.8 ± 24.7  p < 0.90 

n=17 n=12 

 

 

* Pretreatment gene expression is normalized to 1* 
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Table III-3.  Plasma and lipoproteins parameters, expressed as mean ± S.E.M., at baseline (W0), 4 weeks (W4), 6 weeks (W6), and 
8 weeks (W8) thereafter 

 

 

      W0 W4 W6 W8 p value, respectively n value 

  

Triglycerides (mg/dL) 167.8 ± 56.9  122.9 ± 32.4 103.8 ± 21.0  108.1 ± 24.2  p < 0.09, p < 0.01, p < 0.003 9 

Cholesterol (mg/dL) 207.9 ± 5.7  190.1 ± 10.5  190.5 ± 7.3  188.5 ± 7.8  p<0.02 ,p <0.003, p <0.02  9 

HDL-C (mg/dL) 45.5 ± 4.9  47.0 ± 4.2 49.8 ± 4.5 50.4 ± 5.1  p < 0.42, p < 0.02, p < 0.05 9 

LDL-C (mg/dL) 135.9 ± 7.0 118.7 ± 7.9  120.5 ± 7.7  119.1 ± 6.8  p < 0.003, p < 0.007, p < 0.05 9 

hsCRP (mg/L) 2.9 ± 0.8  2.3 ± 0.5  2.4 ± 0.6  2.9 ± 0.9 p < 0.81, p <0.21, p < 0.93 7 

sVCAM-1 (ng/mL) 763.9 ± 154.4  734.4 ± 93.2  789.1 ± 116.2  785.5 ± 111.6  p < 1, p < 0.65, p < 0.35 9 
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Table III.4 Gene expression (n-fold), expressed as mean ± S.E.M., at baseline week 0 (W0), and 4 weeks (W4) thereafter, n =29 
 
 

Gene W0 W4 p value 

Bcl-6 1* 0.903 ± 0.09 p < 0.08 

Spen 
 

 

1* 
 

 

0.845 ± 0.05 
 

 

p < 0.003 
 

 

 
* Pretreatment gene expression is normalized to 1* 
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Table III.5 Gene expression (n-fold), expressed as mean ± S.E.M., at baseline week 0 (W0), 4 weeks (W4),  6 weeks (W6), and 8 
weeks (W8) thereafter, n =9 

 
  

Gene W0 W4 W6 W8 p value, respectively 

Bcl-6 1* 0.817 ± 0.13 0.757 ± 0.09 0.921 ± 0.11 p < 0.12, p < 0.07, p < 0.25 

Spen 1* 0.866 ± 0.05 1.047 ± 0.13 0.964 ± 0.06 p < 0.07, p < 0.73, p < 0.57 

 

* Pretreatment gene expression is normalized to 1* 
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IV DISCUSSION 

 Fenofibrate’s molecular mechanism of lipid modulation is well understood.  

However, the mechanics of how this drug lowers inflammation has yet to be elucidated.  

The purpose of the study is to confirm the increased gene expression of Bcl-6 and Spen in 

response to fenofibrate treatment, both of which are hypothesized to play a role in the 

anti-inflammatory effects of fenofibrate.  Thirty four subjects with elevated inflammatory 

markers (hsCRP, sVCAM-1) were recruited and took fenofibrate for either 4 or 8 weeks.  

Gene expression profiles were measured by real time PCR before and after treatment 

with fenofibrate. The study found that Bcl-6 and Spen gene expression is not increased 

by the study drug. 

IV.1  Inflammatory markers 

 Our study investigated the expression of hsCRP in regards to treatment with 

fenofibrate.  There was no change in hsCRP expression after treatment with fenofibrate.  

Subjects taking the drug for 8 weeks also did not show a significant decrease in any of 

the post treatment periods (4 weeks, 6 weeks, or 8 weeks).  However, when subjects were 

separated into two groups based on their baseline hsCRP values, individuals in the second 

tile showed a significant decrease after treatment with fenofibrate (p <0.01). Fenofibrate 

treatment studies have been inconsistent in regard to the efficacy in which they lower 

CRP values.  Several studies have shown a significant decrease in hsCRP.
53-55

  

Conversely, several more studies, including GOLDN, have not produced a significant 

change in hsCRP.
56, 57

   Further studies clearly need to be done to determine the role of 

hsCRP and the anti-inflammatory effects of fenofibrate. 
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 In addition to hsCRP, our study also investigated the expression of sVCAM-1 in 

regards to treatment with fenofibrate.  We did not find a significant decrease in sVCAM-

1 after four weeks of treatment.  Figure III-5A, sVCAM-1 data in quartiles, provides 

more insight into the change of expression in the soluble adhesion molecule.  While the 

first two quartiles are not significant, the changes between pre-treatment and post- 

treatment samples in quartile three and four are significant (p < 0.04, p <0.01).  The first 

two quartiles show a slight decrease or slight increase in expression but quartile three and 

four shows a clear decrease in expression.  These results indicate that the higher the 

baseline levels of VCAM the greater the decrease after treatment. This was also the case 

for hsCRP, where individuals with a higher baseline of hsCRP saw a significant decrease 

after treatment. 

In our previous study GOLDN, a significant decrease of VCAM was seen in 

participants during a 3 week trial of fenofibrate.  Both the current study and GOLDN 

demonstrated that the higher the baseline levels of VCAM, the greater the decrease after 

treatment.  Other studies have also shown a decrease in VCAM as a consequence of 

fenofibrate medication. Marchesi et al. and Rosenson et al. both did three month trials of 

fenofibrate in hypertriglyceridemia populations and VCAM-1 was significantly reduced 

in both studies.
58, 59

  Another three month trial done by Ryan et. al. in obese glucose 

tolerant men also showed a  significant decrease in the soluble adhesion molecule.
60

  

A small subset of patients was selected to participate in the extended study.  

These patients took the study drug for a total of 8 weeks.  The purpose of the 8 week 

study was to test whether the inflammatory markers and gene expression were altered 

after additional drug and to provide insight into the time course of fenofibrate in regards 
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to inflammation and lipid modulation.  After 8 weeks of medication, a further decrease of 

VCAM was expected.  It was observed that VCAM does not continuously decrease in 

subjects who take the drug for 8 weeks, nor is the change significant.  The pattern of 

change in VCAM is variable from subject to subject.  The small population size in the 

current study could account for the lack of significant decrease in sVCAM-1 expression.  

IV.2  Lipid profile 

In addition to measuring inflammatory markers, lipid profiles were measured for 

each subject before and after treatment.  After 4 weeks of treatment with fenofibrate there 

was a significant decrease in cholesterol, triglycerides, LDL-C.  There was not a 

significant increase in HDL-C.  However, during the 8 week subjects did show a 

significant decrease in HDL-C (p<0.02, p<0.05 at 6 weeks and 8 weeks, respectively), as 

well as a continuing significant decrease in cholesterol, triglycerides, and LDL-C.  

Historically, the purpose of fenofibrate is to reduce triglycerides and increase HDL, and 

the results from the present study have been confirmed by numerous other studies.
61-65

    

IV.3  Gene expression 

 

The purpose of this study was to confirm the increase of Bcl-6 and Spen 

expression after treatment with fenofibrate.  Preliminary data from microarray gene 

expression analysis indicated a 1.8 fold increase in Bcl-6 expression and a 1.7 fold 

increase in Spen expression in 9 patient pairs after treatment with fenofibrate.  Bcl-6 

transcriptionally represses inflammatory molecules, including sVCAM-1, through 

interaction with PPAR-δ.  After treatment with fenofibrate in the current study an 

increase in gene expression was expected in both Bcl-6 and Spen.  However, a decrease 

was only found in Spen (0.845 ± 0.05,) after 4 weeks of treatment.  Nine subjects 
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continued taking fenofibrate for an additional 4 weeks.  Relative expression of Bcl-6 after 

4, 6, 8 weeks is 0.817 ± 0.13, 0.757 ± 0.09, 0.921 ± 0.11, respectively; but none of these 

changes were significant.  Spen relative expression was 0.866 ± 0.05, 1.047 ± 0.13, 0.964 

± 0.06 for 28, 42, and 56 days respectively.  There were no significant changes for Spen 

found in these nine subjects.  The increase of gene expression from the preliminary 

microarray data could not be confirmed by the present study. 

Subjects in the current study fall into two groups: individuals with elevated 

hsCRP and sVCAM-1 or individuals with one elevated marker of inflammation.  The 

disparity in our population is due to the change in inflammation markers between the 

screening and experimental phase.  The time period between an individual’s screening 

phase and experimental was highly variable.  Seventeen of the 29 subjects had elevated 

hsCRP and sVCAM-1 at the start of taking the study drug.  However, 12 subjects had 

only one elevated marker of inflammation at the beginning of experimental.  These two 

groups are compared to establish similarities and differences. 

The two groups are analogous in regards to hsCRP and sVCAM-1 expression in 

that both groups showed no change in either inflammatory marker after 28 days of 

treatment.  The two groups differ in regards to gene expression.  Individuals with 

elevated hsCRP and sVCAM-1 had a significant decrease in Bcl-6 and a non-significant 

decrease in Spen.  Conversely, the subjects who only have one elevated marker of 

inflammation pre-treatment have a significant decrease in Spen and no change in Bcl-6.  

It is interesting that individuals who began the experimental phase with elevated hsCRP 

and sVCAM-1, have a significant decrease in Bcl-6 (0.864 ± 0.12) as 70% of the 

individuals in this group saw a decrease in sVCAM-1, despite the decrease in gene 
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expression.  Rather, an increase in Bcl-6 expression to correlate with decreased sVCAM-

1 would be expected.  Fenofibrate does not appear to affect Spen in these individuals as 

there was no change in Spen gene expression.  The opposite scenario is present for 

subjects who only had one elevated marker of inflammation at the beginning of the 

experimental phase.  Bcl-6 and Spen were expressed at 0.959 ± 0.14 and 0.727 ± 0.05, 

respectively.  There was no real change in Bcl-6 expression in these individuals, 

compared to a significant decrease in Spen.  

We did not see an increase in Bcl-6 expression, nor was a significant decrease 

seen in sVCAM-1 in the 29 subjects in the present study.  A comparison was done 

between subjects who showed the greatest increase and decrease in Bcl-6 expression in 

the 29 participants.  Contradictory results were found in regards to sVCAM-1 expression.  

The inflammatory markers and lipid profile measurements were examined for the 6 

subjects who showed the greatest increase in Bcl-6.  Two thirds of these individuals 

showed an increase in sVCAM-1 after treatment with fenofibrate, where as one third 

showed an increase in CRP.  General inflammation via CRP appears to be decreased in 

these individuals, however sVCAM-1 is increasing.  Bcl-6 transcriptionally represses 

sVCAM-1 expression, so a decrease in sVCAM-1 was expected in individuals with an 

increase in Bcl-6 expression.  Rather, an unexpected opposite effect is observed.  These 

results are compounded by the results seen in individuals with the greatest decrease in 

Bcl-6 expression post treatment.  All of the 6 subjects who showed the greatest decrease 

in Bcl-6 expression had a decrease in sVCAM-1 expression after treatment.  Two thirds 

showed a decrease in hsCRP.  We did not expect individuals with a decrease in Bcl-6 

expression to show decrease in sVCAM-1.  The lipid profile of these individuals did not 
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show anything unusual.  These data indicate that Bcl-6 may not be involved in the anti-

inflammatory effects of fenofibrate.  The majority of these individuals are seeing a 

decrease in their CRP implying that general inflammation is being lowered by treatment 

with fenofibrate.  If Bcl-6 was involved in the lowering of inflammation, the results 

should have been reversed between the two groups. 

A large part of the hypothesis that Bcl-6 is involved in the anti-inflammatory 

effects of fenofibrate hinged on the idea that PPAR-δ would be activated by fenofibrate.  

It is well known that fenofibrate interacts with PPAR-α, however, thus far, studies have 

not shown a relationship between PPAR-δ and the study drug.  It is likely that PPAR-δ is 

not a ligand for fenofibrate.  The preliminary experiments that led to the current study 

could have also had underlying issues due to the limitations of microarrays.  The 

preliminary experiment sample size and the current studies population are small, and 

small populations may not show differences due to their limited statistical power.  This 

study also brings up the question of what is the normal expression of these two genes and 

what is the ideal cell type to study the effects of these genes.  Individually or 

combinations of these issues could help to explain why we did not see the results we 

expected from the current study. 

Microarray technology allows the simultaneous analysis of thousands of genes.
66

  

It presents the opportunity to investigate gene regulation and the changes in gene 

expression due to drug treatment or disease state.  The design and process of microarrays 

is simple, however underneath the surface are many issues.  Microarrays are a new 

technology and there is not a set methodology with standards and proper protocols.  The 

greatest issue facing microarrays is that statistical analysis of microarray data is the exact 
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opposite of the data sets of which statisticians are accustomed. 
67

  Normally, data has 

many samples and a few numbers of variables; conversely, microarray data has a very 

large number of variables and a small number of samples.  The results of experiments are 

generally reported only as fold change.  This is problematic especially for low abundance 

transcripts.  Affimetrix Genechips can vary by as much as 1000 raw fluorescence units in 

two identical samples.  If a gene that is only expressed at 200 units, a 1000 unit variation 

will produce a 6 fold change.
68

  The use of fold change is not ideal for genes that are 

expressed at low levels.  Bcl-6 and Spen were found to be expressed at low levels, and 

the statistical analysis issues facing microarray technology reinforces the need to confirm 

microarray analysis results with other techniques. 

In the previous study, microarray analysis was done on 19 subjects from the 

GOLDN study.  After quality control, only 9 subjects were used for gene expression 

analysis.  Four of those subjects clustered separately from before and after fenofibrate.  

Bcl-6 and Spen remained the genes that showed the most changes with regard to 

frequency and magnitude (3.4 and 2.7 fold, respectively).  It seems likely that these four 

subjects could have inflated the fold change of the nine subject pairs, 1.8 and 1.7.  The 

other five subjects did not cluster separately, indicating less of a change in gene 

expression before and after treatment.  A larger population size would have a given a fold 

change that is less susceptible to a few individuals with a significant change in 

expression.   

The current study also had a small population, 29 participants, 9 of which 

participated in the extended study.  As the purpose of the current investigation was to 

elucidate the anti-inflammatory properties of fenofibrate, recruiting individuals with 
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elevated inflammatory markers was important.  However, it also greatly limited the 

number of subjects in this study.  The pool of patients to screen (n=284) did not have a 

large number of patients with elevated inflammatory markers.  The majority of patients 

who did show elevated markers of inflammation were only mildly inflamed.  Ideally, we 

would have recruited individuals with sVCAM-1 expression >800 ng/mL along with 

elevated CRP.  Perhaps part of the reason that a significant decrease in sVCAM-1 was 

not seen in these subjects is due to the fact that they show only mild signs of 

inflammation.  Of the subjects whose inflammatory markers remained elevated at the 

beginning of the treatment phase, only one subject had a sVCAM-1 value greater than 

900 ng/mL.  A larger population with individuals who have a greater elevation of 

inflammatory markers could potentially show the decrease in inflammation that was 

expected in the current study. 

Microarray technology has given researchers the ability to measure the gene 

transcription profiles of thousands of genes simultaneously from different cells and tissue 

types.  However, with the advent of this technology very few studies have been done to 

determine the pattern of gene expression of healthy individuals and the potential intra and 

inter-variation among these healthy subjects.
69

  Normality is an important issue to address 

as “normal” gene expression will have variability.  It will not be a set value but rather a 

range of values.  There is currently not a normal range of expression known for Bcl-6 or 

Spen. 

 While a “normal” value range is not known for Bcl-6, studies have shown 

variation among healthy individuals.  Bcl-6 was among 3,302 genes that varied 

significantly in transcript levels in healthy subjects in a microarray study using PBMCs 
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(peripheral blood mononuclear cells) done by Eady et al.
70

  It was found that the 

expression of Bcl-6 correlated significantly with the percentage of monocytes present.  A 

similar study done by Whitney et al found that Bcl-6 showed a strong correlation with 

neutrophils in the whole blood samples.  PBMC samples were also taken in Whitney’ 

study, and there was a significant difference of expression of Bcl-6 between PBMC and 

whole blood.
71

  In addition, a study was done to determine normal variance in gene 

expression of mice.  Genetically identical healthy mice were sacrificed and their organ 

tissues were used for microarray analysis.  There was great variance in Bcl-6 gene 

expression in both the liver and kidney.
72

 

Bcl-6 is ubiquitously expressed and in four different tissue types ( kidney, liver, 

whole blood, and PBMCs) 
69, 71, 72

, it has shown variance among healthy individuals.  

More microarray studies need to be done involving healthy subjects, but thus far Bcl-6 

appears to have variable gene expression in these individuals.  While there was slight 

decrease in expression in Bcl-6, it has yet to be determined what the impact of that 

decrease has on an individual, given the lack of “normal” range of gene expression for 

Bcl-6.  There have been no studies done to measure the normal range of Spen. 

Peripheral blood leukocytes were used in the previous and current study to 

determine gene expression of Bcl-6 and Spen.  However, leukocytes may not be the ideal 

cell type to study Bcl-6 gene expression.  The study that demonstrated that Bcl-6 

represses VCAM-1 via PPAR delta was done in vascular endothelial cells.
44

  VCAM-1 is 

highly expressed in endothelial cells.
73, 74

  In addition, fenofibrate has already been shown 

to decrease VCAM in the endothelium.
75

  Acquiring human vascular endothelial cells, 

however, is an invasive procedure.  It would be difficult to obtain informed consent from 
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research subjects to undergo such a procedure after treatment with fenofibrate.  None the 

less, vascular endothelial cells could be a promising cell type to investigate the gene 

expression of Bcl-6 in regards to fenofibrate treatment.  

Furthermore, Bcl-6 protein levels or protein activity were not measured in this 

study.  While gene expression of Bcl-6 was measured, the level of gene expression is not 

always equivalent with the actual protein levels or activity.  Protein level can be 

increased even if mRNA transcript is decreased or unchanged.  Further investigation into 

the impact of fenofibrate treatment on the protein levels and subsequent activity of Bcl-6 

is needed. 

In summary, an increase in Bcl-6 and Spen expression could not be confirmed by 

the current study.  This could be due to several limitations including the preliminary 

studies methods, the lack of understanding of what normal expression of these two genes 

are, and/or leukocytes may not be the ideal cell type to study Bcl-6 gene expression.  

Ultimately, the greatest limitation in this study was the small population size and the 

subsequent mild inflammation present in the population.   Fenofibrate did decrease 

cholesterol, triglycerides, and LDL-C as well as increasing HDL-C in the subjects of this 

study, verifying the efficacy of treatment.  This study also demonstrated there is a 

correlation between the baseline levels of inflammatory markers and the amount of 

decrease that is seen with fenofibrate treatment.  A larger population with highly elevated 

inflammatory markers may show a different outcome than in the current investigation. 
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