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Mississippi has a very high prevalence of coronary artery disease (CAD) and type 

2 diabetes (T2D), especially among African Americans compared to Caucasians. This 

project determined the L55M genotypes of paraoxonase 1 (PON1) in 187 people and 

evaluated associations of PON1 single nucleotide polymorphisms (SNPs), Q192R and 

L55M, with CAD and T2D in a Mississippian (southern) population. Significant 

associations were found with PON1 SNPs and race: genotypes LL, LM, QR, and RR 

showed significant associations with race (p values 0.0000955, 0.0024, 0.00001244, and 

0.00001676, respectively), and combined genotypes LMQQ and LMRR were 

significantly associated with race (p values = 0.0001013 and 0.000473, respectively).  

While no significant associations were found between PON1 SNPs and CAD (p values > 

0.2374), combined genotype LMQQ and genotype LM trended towards the likelihood of 

having T2D with p values = 0.0723 and 0.0931, respectively, and are suggestive of a 

potential biomarker for T2D risk. 
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CHAPTER I 

INTRODUCTION 

1.1 Prevalence of type 2 diabetes and cardiovascular diseases 

The rates of the chronic diseases, cardiovascular disease (CVD) and diabetes, in 

connection with obesity, are growing to epidemic proportions in the United States, 

affecting millions of people.  During 1991, a meta-analysis of six studies, reported that 

over 600,000 deaths in the United States were due to obesity and its complications. 

Among these complications are said chronic diseases[1]. Obesity leads to a variety of 

chronic illnesses, including type 2 diabetes (T2D), reproductive, digestive, and 

cardiovascular diseases and even certain cancers[2]. Mokdad et al. reports, that the 

prevalence of this condition continues to increase climbing from 7.3% in 2000 to 7.9% in 

2001; an 8.2% increase in a year’s time[3]. As we experience increases in the rates of 

obesity there is also an increase in the occurrences of associated diseases, especially CVD 

and diabetes.  Based on information reported by the American Heart Association, more 

than 2,000 Americans died of CVD each day in 2007.  Also in 2007, more than 150,000 

Americans who died from CVD were less than 65 years old, with African Americans 

having the highest rates of hypertension in the world at 44%. In 2008, an estimated 

18,300,000 Americans were diagnosed with diabetes mellitus representing 8% of the 

adult population. In addition to that it was estimated that more than 7,000,000 cases were 

undiagnosed and almost 37%  had prediabetes in U.S. adults [4]. 

1 
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1.2 Paraoxonase as an at-risk biomarker 

In knowing this, policies and programs have been implemented to monitor and to 

increase awareness of obesity and associated chronic diseases [2], as well as increases in 

research based on potential molecular level risk factors. Over the past 20 years, a number 

of studies have emerged implicating paraoxonase 1 (PON1) and its status as a risk 

indicator for diabetes and cardiovascular diseases, such as atherosclerosis. [5-7] PON1 

status refers to PON1’s activity levels (i.e., hydrolysis of esters such as paraoxon) and 

genotype. In some studies functional genotype was determined through activity plots of 

diazoxon hydrolysis vs. paraoxon hydrolysis when actual genotyping was not possible[8]. 

This potential biomarker could aid in increasing disease awareness and in instituting 

preventive measures at earlier points of life.  Biomarkers help quantify normal biological 

processes in an organism and are most commonly introduced into the biological 

system[9]. What makes this potential biomarker so beneficial is that it is already inside 

the human body and may be located in DNA. 

1.3 Importance of a southern (Mississippi) study population 

Despite there being numerous studies conducted on a variety of populations such 

as Turks[10], Italians and Irish [11], South-western Koreans[12], Mexicans[13] and 

Egyptians[14], there have been conflicting results in concluding that PON1 

polymorphisms have any associations with either chronic disease based on ethnicity. Two 

studies have been conducted by our lab that have focused on United States Southerners. 

One of these studies concluded that race (African American and Caucasian) contributed 

to proportions of PON1 Q192R functional genotypes, and that these differences in 

proportions might account for the poorer cardiovascular health conditions characteristic 

of the Southern United States population, especially in the African American population 

2 
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which suffers more from CVD than the Caucasian population[15]. In the other, being the 

first study to report PON1’s association with atherosclerosis in a Deep South population, 

Coombes et al.(2011) concluded that higher levels of PON1 activity, as assessed by the 

hydrolysis of phenylacetate, decreased the odds of atherosclerosis in a group of African 

American and Caucasian Southerners; however, the PON1 192 genotype was not found 

to be significantly associated with atherosclerosis [16]. 

In 2000, Mississippi was one of the leading states in the U.S. in obesity at an 

estimated 24.3%, and this rate was highest among African Americans[17]. In the Heart 

Disease and Stroke Statistics 2011 Update reported by The American Heart Association, 

Mississippi was among the four highest states in the US in age adjusted death rates with 

350 deaths from CVD per 100,000 people[4]. Noting the distinct increase from 2007, 

cited earlier, to 2011, health statistics would suggest that Mississippians would be an 

ideal study population to determine what role, if any, PON1 plays in disease risk. 

Mississippians, as well as other populations with increased rates of diabetes and 

cardiovascular diseases could benefit greatly from a potential disease risk biomarker 

because it is an accurate means of earlier detection that is inexpensive and only 

minimally invasive. 

1.4 Diabetes: Type 2 Diabetes Mellitus 

Diabetes is characterized by high blood glucose levels caused by deficiencies in 

insulin production, insulin’s mechanisms or a combination of the two. It is classified into 

3 classes, Type 1: inability to produce insulin because of destroyed pancreatic β-cells; 

Type 2: the body does not produce or use what insulin is produced efficiently; and 

Gestational: diabetes that occurs during pregnancy[18]. T2D  accounts for 90-95% of all 

3 
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diagnosed diabetes cases[19]. As of 2011, from data collected by the Centers for Disease 

Control in 2010, over 25 million people in the United States were affected by diabetes. 

Despite multifactorial epidemiology reports, it is clear that one of the main contributors 

of diabetes is weight gain [20]. Ford et al. suggested that for every kilogram gained the 

risk of getting diabetes increases by an estimated 4.5%[21]. According to The National 

Institutes of Health (NIH)’s clinical guidelines in 1998,  having a body mass index (BMI) 

of more than 30 kg/m2 classifies a person as being obese and a BMI of 25-29.9 kg/m2 as 

being overweight[22]. By these guidelines, there are over 97 million adults in the United 

States who are considered obese or overweight. Along with weight gain, insulin 

resistance and insulin sensitivity plus hyperglycemia, all of which have been deemed as 

results of obesity, also add to the causes of diabetes [23, 24]. In providing a positive 

correlation between the two, studies have linked the increases in diabetic occurrences 

with the prevalence of obesity in the United States [3, 17, 25]. Adipose tissue normally 

functions as a storage house for triglycerides and secretes bioactive molecules[26]. When 

this storage becomes persistently over nourished and obesity results, adipocytes become 

dysfunctional and release triglycerides which are then converted to free fatty acids (FFA), 

which leads to chronic inflammation. This chronic inflammation is due to an infiltration 

of inflammatory monocyte derived macrophages brought on by enlarged adipocytes. This 

constant state of inflammation can lead to insulin resistance in adipose tissue[27]. This 

inflammation increases the levels of circulating FFA which in turn, leads to increased 

levels in the portal venous system which has been reported to be at the heart of insulin 

resistance stemming from visceral obesity[20]. Visceral obesity is correlated with a list of 

factors some of which are independent risk factors for CVD[28]. 

4 
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1.5 Cardiovascular Diseases: Atherosclerosis 

Due to atherosclerosis being one of the two most prevalent forms of CVD and the 

focus of this thesis, atherosclerosis, coronary heart disease, and coronary artery disease 

(CAD) will be used interchangeably. The exact pathogenesis of cardiovascular disease, 

namely atherosclerosis, is not completely clear because CVD is associated with a list of 

risk factors such as low levels of high-density lipoproteins (HDL)[29],  obesity, insulin 

resistance, hyperglycemia, endothelial dysfunction, and chronic inflammation[20, 28]. 

The onset of coronary artery disease is usually characterized by lipid peroxidation and the 

occurrence of atherosclerotic lesions known as fatty streaks which may develop into 

atherosclerotic plaques. These can prove fatal depending on the stability of the 

plaque[30]. Fatty streaks develop from increased uptake of oxidized lipids by 

macrophages and this uncontrolled uptake causes these cells to be packed with lipids in 

the vessel wall of large arteries. They develop into foam cells and, when they undergo 

apoptosis, these cells become hard and flatten, thus resulting in fatty streaks [31-33]. 

These streaks form partly as a result of persistent over-nourished adipose tissue leading to 

an underlying  inflammatory state which  increases levels of oxidized low density 

lipoproteins and release of FFA[31]. As mentioned earlier, increased levels of FFA 

promote a more inflammatory state and lead to insulin resistance[27]; other recent reports 

have shown that increased FFA levels can cause vascular endothelial cell 

dysfunction[34]. 

In addition, other conditions reported to be observed in insulin resistant states are 

elevated levels of fibrinogen and thrombin-antithrombin which aid in clot formation of 

injured endothelium[28], supporting the idea that insulin resistance and CAD are 

associated. With the prevalence of obesity being at epidemic proportions, the occurrences 

5 
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of diabetes are increased and the risk of developing CVD is also heightened. Reported in 

the 2011 Heart Disease and Stroke Statistics Update, at least 2,200 Americans died every 

day of CVD with an average of one death every 39 seconds. About 33% of these deaths 

occurred before the age of 75, which is almost 3 years before the average life expectancy 

of 77.9 years.  In addition, 1 of every 6 deaths was due to CHD. Most of the data reported 

in the 2011 Update was collected during the years 2007 and 2008[4]. 

1.6 Paraoxonase 1 (PON1) 

1.6.1 Discovery of Paraoxonase 

Abraham Mazur was the first to describe an enzyme that could catalyze 

hydrolysis of organophosphates in animal tissue, during the mid-1940s[35]. Continued 

research led Aldridge to initially identify this enzyme as paraoxonase in 1953. It was so 

named because of its ability to hydrolyze paraoxon, the active metabolite of the 

organophosphate insecticide, parathion[36, 37]. It was also shown to encompass the 

ability to hydrolyze aromatic esters (A-esterases)[36, 37]. In 1991, paraoxonase was 

finally reported to be responsible for both activities[38], as well as being linked to 

antiatherosclerotic properties such as reducing the accumulation of lipid peroxides on 

low-density lipoproteins (LDL)[39]. 

Over the past 50 years in human serum paraoxonase research, two other PONs 

(PON2 & PON3) have been discovered whose genes are located next to PON1 on the 

long arm of chromosome 7 (7q21.3-q22.1) in humans[40, 41]. Recent studies have shown 

that the basic function of these paraoxonases (1, 2, & 3) is hydrolyzing lactones [42, 43]. 

Even though there has been much research conducted on paraoxonases, one member of 

this multi-gene family, PON1, is the most commonly researched. 

6 



www.manaraa.com

 

 

     

 

 

   

 

 

  

    

 

  

  

 

1.6.2 Variations due to PON1 polymorphisms 

Studies with humans have shown a wide inter-individual variation in PON1 levels 

and activities. Variations in activities are due to PON1 polymorphisms or single 

nucleotide polymorphisms (SNPs)[44, 45], ethnicity[13, 14], health due to diet and 

lifestyle habits[46-48] or  environmental factors, and possibly a combination of them all. 

These variations cause the efficiency of PON1 protective abilities, such as with 

organophosphate exposure in a study conducted by Mackness et al. to be reduced[49]. 

PON1 has 7 important polymorphisms: 2 in the coding region and 5 in the promoter 

region. The two common SNPs, one a leucine (L)/methionine(M) substitution at position 

55 and the other substitution of arginine (R)/glutamine(Q) occurring at position 192, 

occur in the coding region[44, 45]. 

1.6.3 Insurgence of research due to PON1’s implication in health 

Human PON1 is mainly found in the liver where it is synthesized and secreted 

into the blood where it is associated with high density lipoprotein via the APO-A1 

protein[50]. PON1’s association with HDL has been demonstrated to have some 

protective capabilities, health wise, by preventing the oxidation of LDL[39, 49]and 

reducing oxidative stress in macrophages[51]. Discovering these capabilities caused a 

surge of research in this area.  Though a study conducted by Mackness and Mackness 

reported that PON1 status is a better predictor than just genotype itself [52], much 

research has been conducted that sheds light on the participation of SNPs (L55M and 

Q192R) in a variety of diseases and conditions[12, 17], especially their association with 

T2D and CVD. 

7 
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1.7 Role of PON1 Polymorphisms (L55M and Q192R) in Type II Diabetes & 
Coronary Artery Disease 

1.7.1 Risk factors of CAD and T2D 

The etiology of either atherosclerosis or T2D is not very clear; however, some of 

the factors that contribute to the development of these diseases overlap each other. 

Factors contributing to atherosclerosis include high blood pressure, low levels of HDL 

cholesterol, sedentary lifestyle, overweight, family history of heart disease and smoking. 

Factors contributing to T2D include,  obesity, physical inactivity, family history of 

diabetes, race, fat distribution, pre-diabetic or have had gestational diabetes [22]. CAD is 

a particular step of atherosclerosis that is characterized by the narrowing of the arteries 

due to the development of atheromas inside the arterial walls[53]. With this knowledge, 

the increased need to identify a potential risk marker is very evident. Though there have 

been numerous studies conducted with PON1, the actual role of its SNPs (L55M & 

Q192R) in T2D and CAD is not yet clear. 

1.7.2 Conflicting Research 

For example, a positive correlation was demonstrated in a study conducted on 

Turkish patients with T2D in comparison with healthy non-diabetic controls. It was 

determined that PON1 activity was decreased in the presence of T2D. They also suggest 

that both SNPs influences PON1 activity[10]. Also, in a similar previous study conducted 

by Mackness et al., a group of 252 Non-Insulin Dependent Diabetes Mellitus (NIDDM) 

individuals from Manchester Diabetes Centre were subjected to serum analysis, some of 

whom displayed one or more diabetic complications, low serum PON1 activity was 

observed; however there were no significant differences in allele frequencies[7]. 

8 
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Another analysis performed by Oliveria et al. in 2004, tested a population of 352 

patients with CAD and 380 high risk controls. Studies showed that only the PON1 L55M 

polymorphism as being an independent risk factor for CAD [6], however it has been 

commonly known that the PON1 192R is associated with atherosclerosis [54]. In contrast 

to the above studies, a meta-analysis of 43 studies, composed of over 11,000 coronary 

heart disease cases, found no associations between CHD and 2 polymorphisms from the 

PON1 gene (L55M & T(-107)C) and 1 polymorphism from the PON2 gene (S311C). 

However, they did find a weak association for the Q192R PON1 polymorphism[55]. 

Another conflicting analysis during the same year suggested that purified PON1 might 

lose some of its protective ability when tested using LDL and copper or the free radical 

generator 2,2′-azobis-2-amidinopropane hydrochloride (AAPH) as the oxidation system 

[56]. Because PON1 could lose some of its protective abilities in oxidative states, a 

system in an oxidized state, such as that produced by lipid peroxidation, could limit 

PON1’s protective abilities against atherosclerosis or diabetes. No matter how conflicting 

these results may be, there are still no studies of which we are aware that analyze 

Mississippians besides the two studies conducted by our lab described earlier. 

1.7.3 Objectives of current research 

Mississippi is one of the states with the highest rates of CVD and T2D in 

association with obesity[3]. Therefore, any potential biomarker to increase at-risk 

populations’ awareness would be beneficial. This study is a continuation of research on 

samples our laboratory has from a cardiology clinic in Tupelo, MS initially analyzed in 

Coombes et al [16]. Here, these samples are used to determine if there is a correlation 

between both of PON1’s common SNPs (Q192R, L55M) with T2D and/or CAD which 

9 
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could identify a biomarker of risk. This study consists of three objectives. 1) Examine the 

relationship between both PON1 L55M and PON1 Q192R associations with CAD and 

T2D. 2) Clarify the association of PON1 polymorphisms with CAD and T2D, also 

considering race. 3) To develop, if possible, a potential biomarker for preventative 

measures for at-risk populations. 

10 
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CHAPTER II 

MATERIALS AND METHODS 

2.1 Study Population 

Serum samples were previously collected from a cardiology practice, Cardiology 

Associates of North Mississippi in Tupelo, MS. A total of 200 serum samples from 

Caucasians (60 male, 60 female) and African Americans (40 male, 40 female) ages 45 

and higher were obtained. A 60/40 population ratio was used because it reflects the racial 

demographic of Mississippi. This population is the same as initially reported upon in a 

recent study from our laboratory[16]. Protocols were approved by the IRBs of both 

Mississippi State University and North Mississippi Medical Center. Informed consent 

was obtained from all participants prior to obtaining demographic and health information 

or blood samples. All data have been de-identified. Subjects with atherosclerotic vascular 

disease were counted as positive for disease. Subjects with a clinical diagnosis of T2D 

were also noted. Race was determined by self-reports. 

2.2 DNA Extraction 

Genomic DNA was previously isolated from whole blood via the Sigma-Aldrich® 

GenEluteTM Blood Genomic DNA Kit and concentrated via Qiagen’s QIAEX®II Gel 

Extraction Kit following the recommendations of the manufacturers. 

11 
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2.3 Chemicals and Reagents 

All chemicals and reagents were purchased from New England BioLabs with the 

exception of AmpliTaq Gold 360 DNA polymerase (Applied BioSystems; Forest City, 

CA), primers (Eurofins MWG Operon; Huntsville, AL), exACTGeneTM PCR dNTP Mix 

(Promega; Madison, WI), Blue/Orange 6X Loading Dye (Fisher Scientific; Waltham, 

MA) and SYBR Safe DNA Gel Stain (Invitrogen; Carlsbad, CA).  

2.4 PON1 L55M Genotyping 

2.4.1 Polymerase Chain Reaction 

Following the method received from the Medical Genetics Department of the 

University of Washington (Jane Ranchalis, personal communication), a region containing 

the PON155 codon was amplified by a polymerase chain reaction (PCR) to yield a 386 bp 

product using forward primer: 5’ AGAGGATTCAGTCTTTGAGGAAA 3’ and reverse 

primer: 5’CTGCCAGTCCTAGAAAACGTT 3’. Each PCR reaction contained ~200 ng 

of purified human DNA at ~100 ng/µl, 2 µl of 10X AmpliTaq Gold® 360 PCR Buffer 

(ABI), 1.60 µl of 25 mM MgCl2, 0.160 µl 10 mM dNTPs (Promega), 0.160 µl of each 

primer at 25 µM, 0.1 µl AmpliTaq Gold polymerase (ABI) at 5U/µl and water sufficient 

to bring the final volume to 20 µl.  

2.4.2 Restriction Digests 

Since there is a native NlaIII (NEB) restriction site at codon 55, 10 µl of the PCR 

product solution underwent overnight digestion. The digestion resulted in a single non-

digested 386-bp fragment for individuals having PON1 55LL genotype; 386-, 299-, and 

90-bp fragments for individuals with the 55LM genotype and bands of 296- and 90-bp in 
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size for individuals who carry the PON1 55MM genotype. These data were combined 

with the previously determined Q192R genotyping by our lab using restriction fragment 

length polymorphism assay[16]. 

2.4.3 Electrophoresis 

The digested PCR products were visualized by agarose gel electrophoresis. A 2% 

agarose gel was prepared by mixing 10g of agarose with 500ml of 0.5X 

Tris/Borate/EDTA (TBE) running buffer. 0.5X TBE running buffer was prepared by 

adding 50mls of 10 X TBE stock solution to 950ml of distilled water (dH2O). 10 μl of 

each digested PCR product and 10 μl of each undigested PCR product were combined 

with Blue/Orange 6X loading dye at 1µl of loading dye to every 5μl of sample and loaded 

next to each other on the gel. Electrophoresis was carried out at  90V using a 

FisherBiotech Electrophoresis System. Once migration was complete, the gel was stained 

with either SYBR Safe DNA gel stain following the manufacturer’s recommended 

method or ethidium bromide (EtBr). When EtBr was used at 1μg/μl, the gel was stained 

for 30 minutes with agitation and de-stained with dH2O for 20 minutes. If SYBR Safe gel 

stain was used, the gel was stained for 40 minutes with agitation. After each staining 

procedure, ultraviolet excitation was used to visualize the bands. Since EtBr is a known 

carcinogen, the staining solution was prepared by a senior member of the lab.  When the 

senior member was not available, SYBR Safe DNA gel stain was used. Although the 

SYBR Safe gel stain is less toxic, its expense precluded routine use. 

2.5 Statistical Analysis 

After the determination of L55M genotypes, these data were combined with 

PON1 Q192R genotypes determined previously by our lab[16] on the same study 
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population. The data underwent statistical analysis. The data were analyzed by Fisher’s 

Exact Test using PROC FREQ in SAS for Windows 9.2 (SAS Institute Inc., Cary, NC) to 

determine if there were associations between the frequencies of PON1 L55M and PON1 

Q192R genotypes.  Fisher’s Exact Tests were also conducted to determine if there were 

associations between PON1 genotypes and race.  In the analysis of race and PON1 

genotypes, the association between race and individual PON1 L55M genotypes, 

individual PON1 Q192R genotypes, and all possible PON1 55/192 combined genotypes 

were assessed.  Bonferonni’s correction was used to adjust for the effect of multiple 

pairwise comparisons. The strength of association between the occurrence of T2D or 

CAD and individual PON1 L55M genotypes, individual PON1 Q192R genotypes, and all 

possible PON1 55/192 combined genotypes was assessed through logistic regression 

using PROC LOGISTIC in SAS for Windows 9.2 in a series of univariate models. 
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CHAPTER III 

RESULTS 

3.1 Combining PON1 L55M genotyping distributions with PON1 Q192R 
genotyping distributions 

Restriction patterns identifying the PON1 L55M genotypes were visualized on 

2% agarose gels (Figure 1).  Of the original 200 samples, only 187 yielded results. The 

data obtained here on the PON1 L55M genotypes were combined  with previously 

determined Q192R genotype data[16]. The distributions of genotypes and combined 

genotypes within the population are outlined in Table 1 and Table 2, respectively. 

3.2 Meeting the objectives 

In order to report a clear and concise investigation, four questions were asked: 1) 

is there an association of PON1 L55M genotypes with PON1 Q192R genotypes; 2) is 

there an association of PON1 L55M and PON1 Q192R genotypes and PON1 55/192 

combined genotypes with race; 3) is there an association of PON1 55/192 combined 

genotypes and PON1 L55M and PON1 Q192R genotypes with T2D; 4) is there an 

association of PON1 55/192 combined genotypes and PON1 L55M and PON1 Q192R 

genotypes with CAD? 

3.2.1 Is there an association of PON1 L55M genotypes with PON1 Q192R 
genotypes? 

Overall, an association between the L55M and Q192R genotypes was found with 

a p value= 0.000008281 using Fisher’s Exact Test. However, a Bonferonni’s correction 
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was applied to accommodate the effect of multiple pairwise comparisons.  Associations 

were considered significant for p values<0.0056. Tables 3, 4, and 5 outline the 

associations between each individual Q192R genotype with the presence or absence of 

each individual L55M genotype to determine which genotypes are more likely to occur 

together in a subject. In Table 3, only two associations were detected for the absence or 

presence of LL and it was with the QQ and RR genotypes with significant p values of 

0.000131 and 0.0014, respectively. In the case of LM genotype (Table 4) there were no 

significant associations detected. Table 5 displays statistically significant p values for the 

absence of MM in the presence of QQ (p value=0.00004285) or QR (p value=0.0020). 

3.2.2 Is there an association of PON1 L55M and PON1 Q192R genotypes and 
PON1 55/192 combined genotype with race? 

When all genotypes of each polymorphism are considered, it was determined that 

both Q192R and L55M, has a significant association with race with p values of 

0.0000005395 and 0.0003286, respectively. After determining the overall association 

between Q192R and L55M genotypes and race, analysis of each individual genotype’s 

relationship with race was performed to determine the levels of association within the 

data set. Significant associations are denoted with different superscripts and have p 

values < 0.0167 according to the Bonferonni’s correction (Tables 6 & 7). Genotypes LL, 

LM, QR, and RR all show significant associations with race, p values 0.0000955, 0.0024, 

0.00001244, and 0.00001676, respectively. An analysis of PON1 55/192 combined 

genotype was also performed in association with race (Table 8). A Fisher’s Exact Test on 

PON1 55/192 combined genotypes was also performed to determine any association with 

race.  The overall association had a p value = 0.00000002027. As previously done, 

Bonferonni’s correction was applied to individually analyze each combined genotype’s 
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association with race to determine the levels of association and to account for the effect 

of multiple pairwise comparisons. Significant associations have p values< 0.0056 (Table 

8). Combined genotypes LMQQ and LMRR were the only combined genotypes that 

showed any statistical significance being less than the calculated Bonferonni’s correction 

with p values- = 0.0001013 and 0.000473, respectively. LMQQ are more likely to be 

Caucasians, whereas LMRR was exclusively linked in this population with African 

Americans. 

3.2.3 Is there an association of PON1 55/192 combined genotypes and PON1 
L55M and PON1 Q192R genotypes with T2D? 

These associations with T2D were analyzed using Logistic regression modeling. 

There was no statistically significant association observed (p values > 0.1530) on any 

levels of association, however, combined genotype LMQQ and genotype LM had p 

values that were trending towards significance p values = 0.0723 and 0.0931, 

respectively.  These associations are outlined in Table 9. 

3.2.4 Is there an association of PON1 55/192 combined genotypes and PON1 
L55M and PON1 Q192R genotypes with CAD? 

Also using Logistic regression modeling, we analyzed these associations and 

there were no statistically significant associations observed (p values > 0.2374). (Table 

10) 
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Table 3.1 : Frequencies of Individual Genotypes within a Southern Population 

Total* 
LL 

93 (50%) 

PON1 Genotypes 
LM MM QQ 

79 (42%) 15(8%) 68 (36%) 
QR 

83 (44%) 
RR 

36 (20%) 
*Total number of individual genotypes in population (percentage of population) 

Table 3.2 Frequencies of Genotype Combination Distribution within in a Southern 
Population * 

PON1 192 Total 
QQ QR RR 

LL 23 (12.3%) 43 (22.99%) 27 (14.44%) 93 
PON1 55 LM 32 (17.11%) 39 (20.86%) 8 (4.28%) 79 

MM 13 (6.95%) 1 (0.53%) 1 (0.53%) 15 
Total 68 83 36 187 

* Data are occurrences of combined genotype in population (% values are of the entire 
study population) 

Table 3.3 Analysis of a Possible Association between PON1 192 Genotypes and 
PON1 LL Genotype 

PON1 55 LL 

Not LL 

QQ 

23 (34%) 

45 (66%) 

PON1 192 

QR 

43 (52%) 

40 (48%) 

RR 

27 (75%) 

9 (25%) 

Totals 

93 

94 

p values* 0.00131** 0.7691 0.0014** 

* P values refer to the comparison of the presence or absence of LL versus the presence 
or absence of QQ, QR or RR. 
** Denotes significance (p values< 0.0056). Comparisons were made using Fisher’s 
Exact Test with an applied Bonferonni’s correction. (% values are of the entire study 
population) 
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Table 3.4 Analysis of a Possible Association between PON1 192 Genotypes and 
PON1 LM Genotype 

PON1 192 
QQ QR RR Totals 

PON1 55 LM 32 (47%) 39 (47%) 8 (22%) 79 
Not LM 36 (53%) 44 (53%) 28 (48%) 108 

p values* 0.3564 0.2367 0.0084 
* P values refer to the comparison of the presence or absence of LM versus the presence 
or absence of QQ, QR or RR. 
** Denotes significance (p values< 0.0056). Comparisons were made using Fisher’s 
Exact Test with an applied Bonferonni’s correction. (% values are of the entire study 
population) 

Table 3.5 Analysis of a Possible Association between PON1 192 Genotypes and 
PON1 MM Genotype 

PON1 192 
QQ QR RR Totals 

PON1 55 MM 13 (19%) 1 (1%) 1 (3%) 15 
Not MM 55 (81%) 82 (99%) 35 (97%) 172 
p values* 0.00004285** 0.0020** 0.3101 

* P values refer to the comparison of the presence or absence of MM versus the presence 
or absence of QQ, QR or RR. 
** Denotes significance (p values< 0.0056). Comparisons were made using Fisher’s 
Exact Test with an applied Bonferonni’s correction. (% values are of the entire study 
population) 

Table 3.6 Frequencies and Comparison of Individual Genotypes with Race 

PON1 L55M Genotypes 
LL LM MM Totals 

Race A 50a (68%) 21a (28%) 3a (4%) 74 
C b43 (38%) b58 (51%) 12a (11%) 113 

Totals 93 79 15 187 
*Values within columns that have different superscripts are significantly different having 
p values < 0.0167, obtained using Fisher’s Exact Test with an applied Bonferonni’s 
correction. % values are of the occurrence of African Americans or Caucasians within the 
genotype population 
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  QQ  QR   RR Totals  
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Table 3.7 Frequencies and Comparison of Individual Genotypes with Race 

*Values within columns that have different superscripts are significantly different having 
p values < 0.0167, obtained using Fisher’s Exact Test with an applied Bonferonni’s 
correction. (% values are of the occurrence of African Americans or Caucasians within 
the genotype population) 

Table 3.8 PON1 Combined Genotypes Associations with Race 

PON1 55/192 A* (%) C (%) P values 
LLQQ 8 10.8 15 13.3 0.6569 
LLQR 25 33.8 18 15.9 0.0072 
LLRR 14 23.0 10 8.9 0.0101 
LMQQ 3 4.1 29 25.7 0.0001013* 
LMQR 10 13.5 29 25.7 0.0648 
LMRR 8 10.8 0 0.0 0.000473* 
MMQQ 2 2.7 11 9.7 0.0805 
MMQR 0 0.0 1 1.0 1.000 
MMRR 1 1.4 0 0.0 0.3957 

*Total number of African Americans was 74 and Caucasians was 113. The p values* < 
0.0056 are significant, obtained using Fisher’s Exact Test with an applied Bonferonni’s 
correction. The % values are percentages of combined genotypes that were either African 
Americans or Caucasians in this population. 
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Table 3.9 Analysis of Combined and Individual Genotypes with Type 2 Diabetes 

PON1 55/192 Combined Genotypes P Values* Totals (% values)** 
LLQQ 0.8955 8 (35%) 
LMQQ 0.0723* 7(22%) 
MMQQ 0.1739 7(54%) 
LLQR 0.4984 17(40%) 
LMQR 0.4431 12(31%) 
MMQR 0.9910 1(100%) 
LLRR 0.5812 11(41%) 
LMRR 0.4060 4(50%) 
MMRR 0.9915 0(0%) 

PON1 Genotypes 
LL 0.3827 36(39%) 
LM 0.0931* 23(29%) 
MM 0.1530 8(53%) 
QQ 0.4293 22(32%) 
QR 0.8868 30(37%) 
RR 0.4330 15(42%) 

*These trended towards significance. No statistically significant p values were observed p 
> 0.1530, which were obtained using Logistic Regression. Significance was based on p 
values < 0.05. 
**The total number that was positive for Type 2 Diabetes. % values are of the 
percentages within a genotype population that had T2D. There were 67 diabetics and 119 
non diabetics. Due to missing demographic data, 2 observations were not included in the 
analysis. 
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Table 3.10 Analysis of Combined and Individual Genotypes with Coronary Artery 
Disease 

PON1 55/192 Combined Genotypes P Values* Totals (% values)** 
LLQQ 0.4357 10(43%) 
LMQQ 0.6477 17(55%) 
MMQQ 0.8375 7(54%) 
LLQR 0.2963 18(44%) 
LMQR 0.2687 23(59%) 
MMQR 0.9907 1(100%) 
LLRR 0.7627 14(54%) 
LMRR 0.2415 2(29%) 
MMRR 0.9907 1(100%) 

PON1 Genotypes 
LL 0.2374 42(47%) 
LM 0.4260 42(55%) 
MM 0.4738 9(60%) 
QQ 0.9421 34(51%) 
QR 0.8556 42(52%) 
RR 0.8869 17(50%) 

*No statistically significant p values were observed p > 0.2374, which were obtained 
using Logistic Regression. Significance was based on p values < 0.05. 
**The total number in population that was positive for CAD. % values are of the 
percentages within a genotype population that had CAD. There were 93 subjects with 
CAD and 89 subjects without. Due to missing demographic data, 6 observations were not 
included in the analysis. 
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Figure 3.1 Determination of PON1 L55M Genotyping through Agarose Gel 

2% agarose gel visualized by ethidium bromide staining. Lanes 1 & 8: Low Molecular 
Weight Ladder for size confirmation. Lanes 2, 4 & 7: Undigested PCR products serving 
as controls. Lane 3: 55LL- no digestion with band at 386-bp Lane 5: 55MM- incomplete 
digestion with bands at 296- and 90-bp fragments and Lane 8: 55LM-complete digestion 
with bands at 386-, 299-, and 90-bp fragments. 
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CHAPTER IV 

DISCUSSION & CONCLUSION 

4.1 Importance of a Mississippi (southern) population 

Coronary artery disease and T2D are the leading causes of mortality and 

morbidity in the U.S. especially Mississippi. In 2011, 350 deaths per 100,000 people 

were attributed to heart disease and in 2010 there were 254 deaths per 100,000 

people[57]. T2D death rates in Mississippi jumped from 24.7 deaths per 100,000 people 

in 2008 to 31.2 deaths per 100,000 people in 2010[58]. These rates are reported to be 

higher in African Americans than Caucasians. African Americans had a rate of 45 deaths 

per 100,000 to Caucasians’ 17 deaths per 100,000 due to diabetes. In regards to heart 

diseases, African Americans death rate was 295 deaths per 100,000 to Caucasians 246 

deaths per 100,000. Noting this increase in death rates shows that there is a great need for 

a potential biomarker for at-risk individuals. These statistics and Mississippi’s current 

health conditions, along with Mississippi having a racial demographic of 60/40 

Caucasians to African Americans, make Mississippi an ideal study population for 

developing a possible risk biomarker. A biomarker such as this is accurate, inexpensive, 

minimally invasive, and can be detected way before disease onset. 

4.2 PON1’s role in CAD and T2D 

PON1 has been analyzed in current literature as having associations with CAD 

and T2D, however it has been reported that variations in PON1 polymorphisms affects 

PON1 activity levels. This means that having a certain polymorphism or a combination of 
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polymorphisms would either increase or decrease PON1’s protective capabilities. There 

have been many genotyping studies but this investigation is among one of the first studies 

investigating a Mississippi or a Southern population. The others were also generated from 

this laboratory [15, 16]. This study investigates PON1 and its common polymorphisms 

(L55M and Q192R) with the occurrence of T2D and CAD within a population that is 

mainly African American and Caucasian. 

4.3 Addressing the objectives 

In this present study we address the objectives outlined in the text earlier: 1) 

examine the relationship between both PON1 L55M and PON1 Q192R associations with 

CAD and T2D; 2) clarify the association of PON1 polymorphisms with CAD and T2D, 

also considering race; and 3) identify, if possible, a potential biomarker for preventative 

measures for at-risk populations. 

4.3.1 Relationship between PON1 SNPs 

We examined the relationship between PON1 L55M and PON1 Q192R using 

Fisher’s Exact Test.  As in some other studies [59], all possible combinations of the 

Q192R and L55M were observed.  In agreement with other studies[13], we found that LL 

(50%) genotype was the most frequently occurring genotype and MM (8%) was the least 

frequently occurring genotype.  The most frequent combined genotype was LLQR (23%), 

LMQR (20.86%) and the least were MMRR and MMQR both occurring at < 1% of the 

population. This confirms previous studies that found MM to be a rare genotype[11, 59]. 

In regards to the occurrence of Q192R genotypes versus the likelihood of the 

occurrence of L55M genotypes, our data show that QQ is most likely to be paired with 

LM genotype even though LM did not yield any significant associations (Table 4). Tables 
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1 and 2 show that the QQ genotype is not significantly associated with either of the 

homozygous forms of L55M. The significant association that was observed is between 

the RR and LL genotypes.  This significant association suggests that if the RR genotype 

occurs at position 192 there is a more likely chance of LL occurring at the 55 position. 

Although the combined genotype LLQR is the most frequently occurring combined 

genotype in this population, a majority of all of the other subjects being positive for the 

LL genotype are also positive for the RR genotype in this population, which is in 

agreement with the above finding. 

4.3.2 Relationship between PON1 SNPs and Race 

This study reports significant associations with PON1 SNPs and race. Only four 

individual genotypes (Table 6) proved to be statistically significant with race with the LL 

and RR genotypes being associated with African Americans and the QR and LM 

genotypes being significantly associated with Caucasians.  Our study agrees with the 

results of Davis et al., who reported that African Americans have a greater chance of 

being RR than did Caucasians [15]. Carriers of the R allele have been known to be at 

increased risk of vascular complications[60], however this study did not report allele 

frequencies.   

Even though there was no significant association found within this population 

with the MM genotype, said genotype has been found in many other studies that have 

subject populations of color, Brazilian[6], Mexicans[13] and even North-West 

Indians[61]. This study found that the majority of the MM genotypes were found in 

Caucasians, though this could be due to the genetic complexity of a southern population. 
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4.3.3 Relationship between PON1 SNPs and CAD and T2D 

In contrast with some studies [61, 62]and in accord with others[6, 10, 63], some 

of which were based on PON1 activity levels, this study found no significant associations 

between PON1 L55M and PON1 Q192R with CAD or T2D. There were however one 

combined genotype (LMQQ) and one individual genotype (LM) that showed a trending 

towards a significant association with T2D, meaning subjects with these genotypes may 

be at greater risk for T2D; more subjects are needed to verify this. In contrast with 

Altuner et al. [64], Q192R was not a strong predictor for either disease though L55M 

may have been a predictor for T2D with an increased sample size. 

4.4 Conclusion 

In conclusion, several factors, including sample size, interracial population, or 

there not being a biomarker to be developed could account for inconsistencies within this 

study as well as other studies reported in PON1 research, whether it be genetics based, 

activity based, or a combination of both.  Therefore, to elucidate PON1s relationship with 

these diseases, as well as other diseases, future studies have to provide a clear connection. 

Increased sample size and statistical models which incorporated demographic and clinical 

variables might more effectively detect associations between disease occurrence and 

PON1 genetics. 

27 



www.manaraa.com

 

 

 

 
  

  

 

 

 
 

 

 

 
 

 
 

 
 

 
  

 

 
  

  

REFERENCES 

1. David B Allison, K.R.F., Annual Deaths Attributable to Obesity in the United 
States. JAMA, 1999. 282(16): p. 1530-1538. 

2. Prevention, C.f.D.C.a. Obesity: Halting the epidemic by making health easier; at 
a glance 2011. 2011 [cited 2011 July 18]; Available from: 
http://www.cdc.gov/chronicdisease/resources/publications/aag/obesity.htm. 

3. Mokdad, A., Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, Marks JS, 
Prevalance of obesity, diabetes, and obesity-related health risk factors, 2001. 
JAMA, 2003. 289(1): p. 76-79. 

4. Roger, V.L., A.S. Go, D.M. Lloyd-Jones, R.J. Adams, J.D. Berry, T.M. Brown, 
M.R. Carnethon, S. Dai, G. de Simone, E.S. Ford, C.S. Fox, H.J. Fullerton, C. 
Gillespie, K.J. Greenlund, S.M. Hailpern, J.A. Heit, P.M. Ho, V.J. Howard, B.M. 
Kissela, S.J. Kittner, D.T. Lackland, J.H. Lichtman, L.D. Lisabeth, D.M. Makuc, 
G.M. Marcus, A. Marelli, D.B. Matchar, M.M. McDermott, J.B. Meigs, C.S. 
Moy, D. Mozaffarian, M.E. Mussolino, G. Nichol, N.P. Paynter, W.D. Rosamond, 
P.D. Sorlie, R.S. Stafford, T.N. Turan, M.B. Turner, N.D. Wong, and J. Wylie-
Rosett, Heart Disease and Stroke Statistics—2011 Update Circulation, 2011. 
123(4): p. e18-e209. 

5. Campo, S., M.A. Sardo, G. Trimarchi, M. Bonaiuto, L. Fontana, M. Castaldo, A. 
Bonaiuto, C. Saitta, A. Bitto, B. Manduca, S. Riggio, and A. Saitta, Association 
between serum paraoxonase (PON1) gene promoter T(-107)C polymorphism, 
PON1 activity and HDL levels in healthy Sicilian octogenarians. Experimental 
Gerontology, 2004. 39(7): p. 1089-1094. 

6. Oliveira SA, M.A., Ribeiro CC, Ramires JA, Annichino-Bizzacchi JM, PON1 
M/L55 mutation protects high-risk patients against coronary heart disease. Int J 
Cardiol, 2004. 94: p. 73-77. 

7. Mackness B, M.M., Arrol S, Turkie W, Julier K, Abuahsa B, Miller JE, Boulton 
AJ, Durrington PN, Serum paraoxonase (PON1) 55 and 192 polymorphism and 
paraoxonase activity and concentration in non-insulin dependent diabetes 
mellitus. Atherosclerosis, 1998. 139: p. 341-349. 

28 

http://www.cdc.gov/chronicdisease/resources/publications/aag/obesity.htm


www.manaraa.com

iña ópe



www.manaraa.com

 

 

 
 

 
 

 

 

  
  

 

   
 

 

  

  

 
 

 

  

 
 

 
 

 

  
 

  
  

 
  

 

18. Alberti, K.G.M.M. and P.Z. Zimmet, Definition, diagnosis and classification of 
diabetes mellitus and its complications. Part 1: diagnosis and classification of 
diabetes mellitus. Provisional report of a WHO Consultation. Diabetic Medicine, 
1998. 15(7): p. 539-553. 

19. Prevention, C.f.D.C.a. National Diabetes Fact Sheet: National Estimates and 
General Information on Diabetes and Prediabetes in the United States, 2011. 
2011 [cited 2011 July 18]; Available from: 
http://www.cdc.gov/diabetes/pubs/factsheet11.htm. 

20. Felber, J.P. and A. Golay, Pathways from obesity to diabetes. International 
journal of obesity and related metabolic disorders : journal of the International 
Association for the Study of Obesity, 2002. 26 Suppl 2: p. S39-45. 

21. Ford, E.S., D.F. Williamson, and S. Liu, Weight Change and Diabetes Incidence: 
Findings from a National Cohort of US Adults. American Journal of 
Epidemiology, 1997. 146(3): p. 214-222. 

22. NHLBI Obesity Education Initiative Expert Pannel on the Identification, 
E.a.T.o.O.i.A., Clinical Guidelines on the Identificaiton, evaluation, and 
treatment of overweight and obesity in adults: the evidence report, 1998, National 
Heart, Lung and Blood Institute: Bethesda. 

23. Gerich, J.E., The Genetic Basis of Type 2 Diabetes Mellitus: Impaired Insulin 
Secretion versus Impaired Insulin Sensitivity. Endocrine Reviews, 1998. 19(4): p. 
491-503. 

24. Del Prato, S., F. Leonetti, D. Simonson, P. Sheehan, M. Matsuda, and R. 
DeFronzo, Effect of sustained physiologic hyperinsulinaemia and hyperglycaemia 
on insulin secretion and insulin sensitivity in man. Diabetologia, 1994. 37(10): p. 
1025-1035. 

25. Mokdad, A.H., E.S. Ford, B.A. Bowman, D.E. Nelson, M.M. Engelgau, F. 
Vinicor, and J.S. Marks, Diabetes trends in the U.S.: 1990-1998. Diabetes Care, 
2000. 23(9): p. 1278-1283. 

26. Sowers, J.R., Obesity as a cardiovascular risk factor. The American journal of 
medicine, 2003. 115(8): p. 37-41. 

27. Gustafson, B., Adipose Tissue, Inflammation and Atherosclerosis. Journal of 
Atherosclerosis and Thrombosis, 2010. 17(4): p. 332-341. 

28. McFarlane, S.I., M. Banerji, and J.R. Sowers, Insulin Resistance and 
Cardiovascular Disease. Journal of Clinical Endocrinology & Metabolism, 2001. 
86(2): p. 713-718. 

30 

http://www.cdc.gov/diabetes/pubs/factsheet11.htm


www.manaraa.com

 

 

 
 

 
 

 
 

  
 

 

 
 

  
   

 
 

 

 
 

 

 
 

 

 
 

 

  

  

  

  

 
  

 

29. Aviram, M., M. Rosenblat, C.L. Bisgaier, R.S. Newton, S.L. Primo-Parmo, and 
B.N. La Du, Paraoxonase inhibits high-density lipoprotein oxidation and 
preserves its functions. A possible peroxidative role for paraoxonase. The Journal 
of Clinical Investigation, 1998. 101(8): p. 1581-1590. 

30. Galis, Z.S., G.K. Sukhova, M.W. Lark, and P. Libby, Increased expression of 
matrix metalloproteinases and matrix degrading activity in vulnerable regions of 
human atherosclerotic plaques. The Journal of Clinical Investigation, 1994. 
94(6): p. 2493-2503. 

31. Boullier, A., D.A. Bird, M.-K. Chang, E.A. Dennis, P. Friedman, K. Gillotte-
Taylor, S. HÖRkkÖ, W. Palinski, O. Quehenberger, P. Shaw, D. Steinberg, V. 
Terpstra, and J.L. Witztum, Scavenger Receptors, Oxidized LDL, and 
Atherosclerosis. Annals of the New York Academy of Sciences, 2001. 947(1): p. 
214-223. 

32. Watanabe, T., O. Tokunaga, J. Fan, and T. Shimokama, Atherosclerosis and 
Macrophages. Pathology International, 1989. 39(8): p. 473-486. 

33. Fan, J. and T. Watanabe, Inflammatory Reactions in the Pathogenesis of 
Atherosclerosis. Journal of Atherosclerosis and Thrombosis, 2003. 10(2): p. 63-
71. 

34. Hajer, G.R., T.W. van Haeften, and F.L.J. Visseren, Adipose tissue dysfunction in 
obesity, diabetes, and vascular diseases. European Heart Journal, 2008. 29(24): p. 
2959-2971. 

35. Mazur, A., AN ENZYME IN ANIMAL TISSUES CAPABLE OF HYDROLYZING 
THE PHOSPHORUS-FLUORINE BOND OF ALKYL FLUOROPHOSPHATES. 
Journal of Biological Chemistry, 1946. 164(1): p. 271-289. 

36. Aldridge, W.N., Serum esterases. II. An enzyme hydrolysing diethyl p-nitrophenyl 
phosphate (E600) and its identity with the A-esterase of mammalian sera. 
Biochemical Journal, 1953. 53: p. 117-124. 

37. Aldridge, W.N., Serum esterases. I. Two types of esterase (A and B) hydrolysing 
p-nitrophenyl acetate, propionate and butyrate, and a method for their 
determination. Biochemical Journal, 1953. 53: p. 110-117. 

38. Gan, K.N., A. Smolen, H.W. Eckerson, and B.N. La Du, Purification of human 
serum paraoxonase/arylesterase. Evidence for one esterase catalyzing both 
activities. Drug Metabolism and Disposition, 1991. 19(1): p. 100-106. 

39. Mackness, M.I., S. Arrol, and P.N. Durrington, Paraoxonase prevents 
accumulation of lipoperoxides in low-density lipoprotein. FEBS Letters, 1991. 
286(1–2): p. 152-154. 

31 



www.manaraa.com

 

 

 
  

 

 

   

 
  

  
 

  

 
 

 

  
 

  
 

  

 

 
 

 

 

  
 

 

  

 

  

40. Primo-Parmo, S.L., R.C. Sorenson, J. Teiber, and B.N.L. Du, The Human Serum 
Paraoxonase/Arylesterase Gene (PON1) Is One Member of a Multigene Family. 
Genomics, 1996. 33(3): p. 498-507. 

41. Humbert, R., D.A. Adler, C.M. Disteche, C. Hassett, C.J. Omiecinski, and C.E. 
Furlong, The molecular basis of the human serum paraoxonase activity 
polymorphism. Nature genetics, 1993. 3(1): p. 73-6. 

42. Billecke, S., D. Draganov, R. Counsell, P. Stetson, C. Watson, C. Hsu, and B.N.L. 
Du, Human Serum Paraoxonase (pon1) Isozymes Q and R Hydrolyze Lactones 
and Cyclic Carbonate Esters. Drug Metabolism and Disposition, 2000. 28(11): p. 
1335-1342. 

43. Draganov, D.I., J.F. Teiber, A. Speelman, Y. Osawa, R. Sunahara, and B.N. La 
Du, Human paraoxonases (PON1, PON2, and PON3) are lactonases with 
overlapping and distinct substrate specificities. Journal of Lipid Research, 2005. 
46(6): p. 1239-1247. 

44. Brophy, V.H., R.L. Jampsa, J.B. Clendenning, L.A. McKinstry, G.P. Jarvik, and 
C.E. Furlong, Effects of 52 Regulatory-Region Polymorphisms on Paraoxonase-
Gene (PON1) Expression. American journal of human genetics, 2001. 68(6): p. 
1428-1436. 

45. Leviev, I. and R.W. James, Promoter Polymorphisms of Human Paraoxonase 
PON1 Gene and Serum Paraoxonase Activities and Concentrations. 
Arteriosclerosis, Thrombosis, and Vascular Biology, 2000. 20(2): p. 516-521. 

46. Mackness, M., A. Bouiller, N. Hennuyer, B. Mackness, M. Hall, A. Tailleux, P. 
Duriez, B. Delfly, P. Durrington, J.-C. Fruchart, N. Duverger, J.-M. Caillaud, and 
G. Castro, Paraoxonase Activity Is Reduced by a Pro-atherosclerotic Diet in 
Rabbits. Biochemical and Biophysical Research Communications, 2000. 269(1): 
p. 232-236. 

47. Sutherland, W.H.F., R.J. Walker, S.A. de Jong, A.M. van Rij, V. Phillips, and 
H.L. Walker, Reduced Postprandial Serum Paraoxonase Activity After a Meal 
Rich in Used Cooking Fat. Arteriosclerosis, Thrombosis, and Vascular Biology, 
1999. 19(5): p. 1340-1347. 

48. van der Gaag, M.S., A. van Tol, L.M. Scheek, R.W. James, R. Urgert, G. 
Schaafsma, and H.F.J. Hendriks, Daily moderate alcohol consumption increases 
serum paraoxonase activity; a diet-controlled, randomised intervention study in 
middle-aged men. Atherosclerosis, 1999. 147(2): p. 405-410. 

49. Mackness, M.I., S. Arrol, C. Abbott, and P.N. Durrington, Protection of low-
density lipoprotein against oxidative modification by high-density lipoprotein 
associated paraoxonase. Atherosclerosis, 1993. 104(1–2): p. 129-135. 

32 



www.manaraa.com

 

 

  
  

  

  

  
 

 

 
 

 
 

 

 

  
 

   
  

 

  

 

 

   

 

 
 

  

 
  

 
  

50. P.N. Durrington, B.M.a.M.I.M., Paraoxonase and Atherosclerosis. 
Artheriosclerosis, Thrombosis, and Vascular Biology, 2001. 21: p. 473-480. 

51. Rozenburg Ortiz , S.D.M., Aviram Michael Paraoxonase (PON1) attenuates 
macrophage oxidative status: studies in PON1 transfected cells and in PON1 
trangenic mice. Atherosclerosis, 2005. 181: p. 9-18. 

52. Mackness, M. and B. Mackness, Paraoxonase 1 and atherosclerosis: is the gene 
or the protein more important? Free Radical Biology and Medicine, 2004. 37(9): 
p. 1317-1323. 

53. Heatlh, P. Coronary Heart Disease. 2011 [cited 2011 July 18]; Available from: 
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0004449/. 

54. Sanghera, D.K., N. Saha, C.E. Aston, and M.I. Kamboh, Genetic Polymorphism 
of Paraoxonase and the Risk of Coronary Heart Disease. Arteriosclerosis, 
Thrombosis, and Vascular Biology, 1997. 17(6): p. 1067-1073. 

55. Wheeler, J.G., B.D. Keavney, H. Watkins, R. Collins, and J. Danesh, Four 
paraoxonase gene polymorphisms in 11?212 cases of coronary heart disease and 
12?786 controls: meta-analysis of 43 studies. The Lancet, 2004. 363(9410): p. 
689-695. 

56. Teiber JF, D.D., La Du BN, Purified human serum PON1 does not protect LDL 
against oxidation in the in vitro assays initiated with copper or AAPH. J Lipid 
Res, 2004. 45: p. 2260-2268. 

57. The Kaiser Family Foundation.stateheatlhfacts.org.Data Source:United States 
Department of Health and Human Services (US DHHS), C.f.D.C.a.P., National 
Center for Health Statistics. Compressed Mortality File 1999-2008. , Mississippi: 
Number of Deaths Due to Diseases of the Heart per 100,000 Population, 2008, 
2012. 

58. The Kaiser Family Foundation.stateheatlhfacts.org.Data Source:The Centers for 
Disease Control and Prevention (CDC), N.C.f.H.S., Division of Vital Statistics, 
National Vital Statistics Report, Mississippi: Number of Diabetes Deaths per 
100,000 Population, 2008, 2012. p. Table 19. 

59. Pejin-Grubisa I., B.I., Jankovic-Orescanin B., Barjaktarovic-Vucinic N., 
Distribution of paraoxonase 1 coding region polymorphisms in Serbian 
population. Genetika, 2010. 42(2): p. 235-247. 

60. Aviram, M., M. Rosenblat, S. Billecke, J. Erogul, R. Sorenson, C.L. Bisgaier, 
R.S. Newton, and B. La Du, Human serum paraoxonase (PON 1) is inactivated 
by oxidized low density lipoprotein and preserved by antioxidants. Free Radical 
Biology and Medicine, 1999. 26(7–8): p. 892-904. 

33 

http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0004449/


www.manaraa.com

 

 

 

  

 
 

 
 

 
 

 

  

  

 

61. Gupta, N., S. Singh, V.N. Maturu, Y.P. Sharma, and K.D. Gill, Paraoxonase 1 
(PON1) Polymorphisms, Haplotypes and Activity in Predicting CAD Risk in 
North-West Indian Punjabis. PLoS ONE, 2011. 6(5): p. e17805. 

62. Garin, M.C., R.W. James, P. Dussoix, H. Blanché, P. Passa, P. Froguel, and J. 
Ruiz, Paraoxonase polymorphism Met-Leu54 is associated with modified serum 
concentrations of the enzyme. A possible link between the paraoxonase gene and 
increased risk of cardiovascular disease in diabetes. The Journal of Clinical 
Investigation, 1997. 99(1): p. 62-66. 

63. Flekac, M., J. Skrha, K. Zidkova, Z. Lacinova, and J. Hilgertova, Paraoxonase 1 
gene polymorphisms and enzyme activities in diabetes mellitus. Physiological 
Research, 2008. 57(0862-8408 (Print)): p. 717-726. 

64. Altuner, D., S.H. Suzen, I. Ates, G.V. Koc, Y. Aral, and A. Karakaya, Are PON1 
Q/R 192 and M/L 55 polymorphisms risk factors for diabetes complications in 
Turkish population? Clinical Biochemistry, 2011. 44(5–6): p. 372-376. 

34 


	Investigation of a Possible Association Between Pon1 Polymorphisms L55M And Q192R with Coronary Artery Disease and Type 2 Diabetes Patients within a Southern Population
	Recommended Citation

	<ENTER TITLE HERE, USE SHIFT + ENTER TO FORCE A NEW LINE IF NEEDED>

