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a b s t r a c t

Altered susceptibility to HIV-1 infection has been observed in multiple cohort studies 

especially in highly exposed commercial sex workers. Host genetic factors have a major 

impact on the pathology of infectious diseases and in humans, including HIV-1 infection. 

It is necessary to determine if genetic factors also contribute to the development of 

protective responses and escape from infection in HIV-1 exposed uninfected individuals. 

The search for genetic host factors that might affect the susceptibility of infection and 

subsequent clinical course of HIV infection is the basis of this study.

This study aimed at determining the differences in expression levels of differentially 

expressed genes identified in a microarray expression analysis screen of the 

glycolysis/pentose phosphate/insulin signaling pathways in HIV-1 resistant commercial 

sex workers in the Pumwani Sex Workers cohort.

mRNA expression levels of 9 genes: G6PD, GAPDH, GIPR, IRS 1, PGM1, DPP4, 

PK.M2, CDK2NB and PIK3CG in HIV-1 resistant, uninfected HIV-1 susceptible and 

HIV-1 infected women were measured by quantitative real-time PCR.
/

Data analysis was performed by the GraphPad Prism Software. The genes GAPDH and 

G6PD were found to be significantly down-regulated in HIV-1 resistant women 

(p=0.0131; p=0.0298 respectively) as compared to a lack of difference in expression 

levels in uninfected HIV-1 susceptible women (p=0.347; p=0.5226 respectively) and the 

HIV-1 infected women (p=0.5824; p=0.9533 respectively).

Overall, the expression levels of all the 9 genes studied were reduced in HIV-1 resistant 

women although statistical difference was observed in 2 genes only.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.1 INTRODUCTION

One characteristic of all populations is variability in susceptibility to infection and 

disease. Of those exposed to a pathogen, not all become infected, and not all of those 

infected develop disease.

Altered susceptibility to HIV-1 infection has been observed in multiple cohort studies 

especially in highly exposed commercial sex workers. One of the best characterized HIV- 

1 exposed but uninfected groups is a commercial sex worker cohort from Nairobi, Kenya, 

the Pumwani cohort, where some individuals can be epidemiologically defined as 

resistant to HIV (Plummer, et al, 1999; Ball, et al, 2007).

There has been an intense interest in understanding the mechanisms responsible for 

resistance to HIV-1 infection. Several studies have shown that susceptibility to HIV-1 

infection is complex and resistance is likely polygenic in nature, involving more than a 

single factor. Apart from immune mediated factors associated with altered susceptibility 

to HIV-1 infection, genetic factors are also hypothesized to be associated with this altered 

susceptibility (Ball, et al, 2007).

The identification of genetic host factors that might affect the susceptibility of infection 

was the basis of this study.

Nine genes of the glycolysis, pentose phosphate and insulin signaling pathways from a 

preliminary microarray study showed differential expression in HIV resistant commercial 

sex workers compared to controls. This study aimed at confirming these results. 

Quantitative real-time PCR is an important step in the validation of expression data 

generated by microarray analysis; and this technique was used to monitor expression 

levels of genes; to quantitate differences in mRNA expression and independently verify 

the microarray results.

/
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12 LITERATURE r e v ie w

Retroviruses and vertebrates have coexisted over several years and this has resulted in the 

evolution of multiple defense mechanisms to inhibit viral replication in vertebrate cells 

(Naghavi et al, 2005).

The interaction between viruses and host cells is complex and multifaceted. While 

viruses attempt to manipulate cellular functions to their advantage, the cell counteracts by 

mounting a variety of defensive responses including the induction of interferon, stress 

response, or apoptic pathways, all of which are accompanied by changes in gene 

expression (Guerra et al, 2004).

The ability to examine and characterize the expression patterns for as many genes as 

possible in a given cell population would provide valuable information regarding the 

biological potential of those cells. Recent advances have made it possible to measure 

simultaneously the expression of thousands of genes in cells or tissues of interest 

(DeRisi,e/ al, 1996; Schena, et al, 1996).

The search for genetic host factors that might affect the susceptibility to infection by HIV
/

was based on initial observations that polymorphisms of chemokine receptors that are 

utilised as co-receptors along with the CD4 molecule were shown to protect against HIV- 

1 infection. These molecules are utilised as an entry portal for HIV-1 infection; and their 

ligands have been shown to modulate the efficiency of HIV-1 infection (Hogan and 

Hammer, 2001b).

The medical, social and economic impact of the HIV epidemic has underscored the need 

to quickly develop effective control strategies. Vigorous efforts to develop a vaccine and 

therapeutic agents have not yet succeeded in containing the spread of the virus. Studies of

2



persons who remain uninfected despite extensive exposure to HIV continue to provide 

valuable information on the mechanisms of natural protection, which can then be applied 

to vaccine design. Natural resistance to infection has been studied in multiple high risk 

cohorts, with resistance attributed to a combination of innate, genetic, and acquired 

immune-mediated mechanisms (Kulkami, et al, 2003).

1.2,1 Altered susceptibility to HIV-1 infection

In the search for a successful vaccine to prevent HIV-1 infection, attention has been 

turned to people with documented HIV exposure who remain uninfected, in whom 

evidence of natural immunity could provide important clues for vaccine design. For such 

studies, it is particularly valuable to study people with repeated exposure to HIV, in 

whom persistent sero-negativity is more likely to indicate genuine resistance to infection 

(Fowke, et al, 1996).

The best model of resistance to infection is those individuals who remained uninfected 

even after repeated exposure to HIV type 1. The identification of correlates of protection 

could be critical in the development of a HIV vaccine (Heeney, et al, 1999).

Altered susceptibility to HIV infection has been observed in multiple cohort studies 

especially in highly exposed sex workers. One of the best characterized HIV-1 exposed 

yet uninfected groups is a commercial sex worker cohort from Nairobi, Kenya, where 

some individuals can be epidemiologically defined as HIV-Resistant. These women are 

repeatedly exposed to HIV through unprotected sex yet remain systematically 

seronegative and PCR-negative (Plummer, et al, 1999; Fowke, et al, 2000; Ball, et al, 

2007). The cohort has been active since 1985 and was designed to study factors

3



associated with HIV-1 transmission. To date, 2985 women have been enrolled with 715 

in active follow-up. Those classified as HIV-Resistant are 140. The women are 

resurveyed semi-annually including a physical exam; testing for bacterial S.T.I; 

collection of sexual behavior data such as frequency of condom use, number of partners 

etc They participate in several studies and receive health care all year round. Those 

negative upon enrolment usually seroconvert within 5-7 years; but a small percentage 

remains HIV-1 negative, some subjects with more than 15 years of follow-up. These 

women are considered relatively resistant to HIV-1 infection if they are HIV-1 negative 

both by serology and PCR; active in commercial sex work and have been followed up in 

the cohort for more than 7 years (Fowke, et al 1996). This is based on analysis of 

infection pressure.

Immunologically, resistance correlates with systemic HIV-1-specific T-helper responses, 

systemic and mucosal cytotoxic T-lymphocyte responses, HIV-1 specific IgA levels 

(Plummer, et al, 1999; Alimonti, et al, 2005) and a global IL-4 hyporesponsiveness to

HIV-1 and other antigens (Trivedi, et al, 2001). Those findings suggest that HIV-1
/

resistant individuals exhibit a biased cellular or T-helper type 1 (Thl) immune responses.

1.2.2 Genomics in HIV-1 infection

Host genetic factors have a major impact on the pathology of infectious diseases; and in 

humans, these interactions have been intensely studied in the context of the HIV 

intection. By characterizing genetic variation among individuals and among populations, 

a better understanding may be gained of differential susceptibility to disease (Collins, et 

al, 2003).

f' *
/
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The interaction of viral and host factors is believed to determine not only the risk for the 

HIV-1 acquisition but also the course of infection (Hogan and Hammer, 2001a). 

Association of resistance to infection with the chemokine receptor mutation CCR5 D32 

which blocks HIV-1 infection of CD4+ lymphocytes is clear cut. A deletion in the 

chemokine receptor CCR5 may account for HIV-1 resistance. However, this genetic 

mutation is very uncommon in African populations, and neither this nor their receptor 

defects inhibiting HIV-1 cell entry are likely to account for their resistance in the 

Pumwani cohort (Fowke, et al, 1998).

Polymorphisms in genes influencing the immune response to HIV-1 may account for the 

variation in susceptibility to HIV-1 infection between individuals with similar risk of 

exposure (Hardie, et al, 2008).

Genetically, it is suggested that specific human leukocyte antigen (HLA) genotypes 

correlate with HIV-1 resistance (Dunand, et al, 1997; Fowke, et al, 1998; MacDonald, et 

al, 2000) The HLA complex, located on the short arm of chromosome 6, is the most

polymorphic system in the human genome. It is fundamental in the immune system’s
/

response to infectious agents, as HLA class I and class II molecules restrict presentation 

of antigenic peptides to CD8+ and CD4+ T cells, respectively (Germain, 1994). Previous 

studies have shown that individuals may differ in their immune responses to HIV-1 due 

to differences in their HLA alleles’ ability to present antigen to CD4+ T cells 

(MacDonanld, et al, 2000; Bird, et al, 2002).

It is possible that genetic differences between populations studied could be responsible

for some of the variability in the results obtained by different groups studied (Mcllroy, et

al, 2006). f , ,
\ /
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Several genes and pathways have been implicated in HIV-1 pathogenesis and disease 

progression (Geiss, et al, 2000; Corbeil, et al, 2001; Woelk, et al, 2004).

1.2.3. Expression analysis

Selected genes with distinct patterns as identified by microarray analysis have been 

chosen for verification of transcriptional changes. By analyzing the data for genes 

associated with each other on the basis of temporal expression profiles, it is possible to 

make connections between genes not previously associated with each other at the 

functional level and gain an insight into the extended interactions between different 

cellular processes (DeRisi, et al, 1997).

Potential host mechanisms in HIV-1 resistant subjects may each play some degree of 

protection, and unknown protective host factors are yet to be discovered (Jin, et al, 2007). 

As part of an ongoing study, some genes from a preliminary microarray study showed 

high association values with the HIV resistant ML cohort members. These have been 

filtered based on their biological pathway i.e. only those that are predicted to functionally

cluster together by a software cell pathway architect. Most, but not all, of the genes to be
/

studied have no prior association with HIV.

Glycolysis/Pentose Phosphate/Insulin pathways 

1.2.4 Insulin signaling pathway

Insulin is a hormone released by pancreatic beta cells in response to elevated levels of 

nutrients in the blood. Insulin triggers the uptake of glucose, fatty acids and amino acids 

into adipose tissue, muscle and the liver and promotes the storage of these nutrients in the 

form of glycogen, lipids and protein respectively. Failure to uptake and store nutrients
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results in diabetes (White, 1997). Insulin activates various signaling molecules in its 

target cells, the signaling pathways mediated by Insulin receptor substrate (IRS) and 

phosphatidylinositol-3-kinase PIK3 are thought to play a central role in the metabolic 

actions of insulin suggesting that disturbance of these pathways (insulin-stimulated signal 

transduction pathways) may contribute to the development of insulin resistance. Indeed, 

disruption of the genes for IRS1 or IRS2, both of which are expressed in many tissues 

and cells has been demonstrated (Ogawa, et al, 1998; White, 1998).

The insulin signaling system has emerged as a flexible network of interacting proteins. 

The insulin receptor is a transmembrane receptor that is inactivated by insulin and 

belongs to a large class of tyrosine kinase receptors. These all mediate their activity byn 

phosphorylation of tyrosines on certain proteins within the cell. The insulin receptor 

phosphorylates the insulin receptor substrate proteins (IRS). By utilizing the IRS 

proteins, the insulin signal can be amplified or attenuated independently of insulin 

binding and tyrosine kinase activity, providing an extensible mechanism for signal

transmission in multiple cellular backgrounds. IRS proteins are employed by the insulin
/

receptor (IR) to engage various signaling proteins eventually leading to an increase in the 

high affinity glucose transporter molecules and thus an increase in glucose uptake into 

tissues (White, 1997; Duckworth, et al, 1998).

Insulin receptor substrates (IRS), the major intracellular substrates of the insulin receptor 

(IR), are adaptor proteins that transduce signals from the IR to downstream effectors that 

are important for the biological effect of insulin. After insulin stimulation, IRS proteins 

are rapidly phosphoryiated on multiple tyrosine residues. Once phosphorylated, IRS 

Proteins bind and activate Grb-2. SHP2 and the PI3-K p85 subunit (Ogawa, et al, 1998

7



White, 1998). IRS-1 functions as one of the key regulators of IR and the insulin-like 

owth factor-1 receptor (White et al, 1997). Diabetes mellitus results either from a lack 

of insulin or the failure to compensate for a diminished insulin response at various target 

tissues. No link has been found between HIV and the genes of this pathway.

1 .2.4.1. Insulin receptor substrate-1

The insulin receptor substrate-1 (IRS 1) is a critical element in the insulin-signaling 

pathway. Mutations in the IRS gene have been reported to have a role in determining 

susceptibility to traits related to type 2 Diabetes (Kovacs, et al, 2003).

Insulin receptor substrate 1 mRNA is of low abundance in human tissues (6.9kb and 6kb 

species) Most, if not all insulin signals are produced or modulated through tyrosine 

phosphorylation of IRS 1 or its homologue IRS2, or other scaffold proteins. IRS1 controls 

body growth and peripheral insulin action (White, 2003). IRS1 is important in 

transmitting the metabolic actions of insulin and is strongly expressed in insulin sensitive 

tissues.

Insulin receptor substrate 1 is an intracellular substrate after phosphotyrosines on the IRS
/

proteins bind the p85 regulatory subunits of phosphatidylinositol 3’ kinase (PI3 kinase). 

1RS1 signaling may be more closely linked to the regulation of genes involved in glucose 

homoestasis, which is impaired by liver specific down-regulation of IRS proteins 

(Taniguchi, et al, 2005).

1.2.4.2. Phosphoinositide 3-kinases are a family of related enzymes that are capable of 

phosphorylating the 3 position hydroxyl group of the inositol ring of phosphatidylinositol 

(Ptdlns). They are also known as phosphatidylinositol-3-kinases. PI3Ks interact with the 

IRS (Insulin receptor substrate) in order to regulate'glucose uptake through a series of

8



phosphorylation events (Vanhaesebroeck, et al, 1999). PI3K enzyme is activated during 

association with IRS proteins. (White, 2003) Class 1 Phosphoinositide 3-kinase (PI3K) 

signaling pathways regulate several important cellular functions, including cellular 

growth, division, survival and movement (Hawkins and Stephens, 2007). Class 1 PI3K.S 

are well established signal transduction enzymes that drive extensive signaling networks 

downstream of cell surface receptor activation (Hawkins, et al, 2006).

PI3K-Gamma allows fast acting, heterotrimeric G-Protein-coupled receptors to access 

PI3K signaling networks. Most of the ligands established to activate PI3K.G are involved 

in the regulation of multiple cell types in the immune system and vascular lining (Ruckle, 

et al, 2006; Hirsch, et al, 2006). It was originally characterized as a heterodimer of P101 

regulatory and PI 10 catalytic subunits and its activation in response to insulin results 

primarily through its association with the IRS proteins (Stoyanov, et al, 1995; Stephens, 

et al, 1997; White, 1997). PI3KG is a ubiquitous lipid kinase that catalyses the 

conversion of phoshatidylinositol-4, 5-triphosphate in the inner leaflet of the plasma 

membrane and functions downstream of cell-surface receptors and in constitutive 

intracellular membrane and protein-trafficking pathways (Walker, et al, 1999; Suire, et 

al, 2006). This gene has not been linked with HIV yet.

/
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Figure 1: Insulin Signaling Pathway, Bevan P, 2006 

Adapted from Kegg Insulin Signaling Pathway 

www.genome.ad.ip/kegg/pathwav/hsa/hsa04910.html 

1.2.5 Glycolysis pathway

Glycolysis is the sequence of reactions that converts glucose into pyruvate with the 

concomitant production of a relatively small amount of adenosine triphosphate (ATP). It 

is the initial process of most carbohydrate catabolism-(Romano and Conway, 1996).

’ I >
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In glycolysis, as glucose enters a cell, it is immediately phosphorylated by ATP to 

glucose-6-phosphate in an irreversible first step prevent the glucose leaving the cell. In 

times of excess lipid or protein energy sources, glycolysis may run in reverse 

(gluconeogenesis) in order to produce glucose-6-phosphate for storage or starch. The first 

half of the glycolytic pathway is the preparatory phase since energy is consumed into two 

to three carbon sugar phosphates. The second half of glycolysis is the payoff phase where 

there is a net gain of energy rich molecules of ATP and NADH. Here, triose sugars are 

dehydrogenated by Glyceraldehyde-3-phosphate dehydrogenase. (GAPDH) There is an 

enzymatic transfer of a phosphate group from the biphosphoglycerate kinase. The 

resultant 3-phosphoglycerate is converted to 2-phosphoglycerate by phosphoglycerate 

mutase (PGM). This is then converted to phosphoenlpyruvate by the enzyme enolase. 

Pyruvate kinase enzyme (PK) then conducts a final level phosphorylation to form 

pyruvate and ATP molecules (Romano and Conway, 1996).

1.2.5.1. Glyceraldehyde 3-phosphate dehydrogenase

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) is a major NADH-generating
/

enzyme that catalyzes the conversion of glyceraldehydes 3-phosphate to 1,3- 

diphosphoglycerate in red blood cells (Yan, et al, 1999). This is the sixth step of 

glycolysis and GAPDH thus serves to break down glucose for energy and carbon 

molecules. Glycolysis is an important pathway of energy and carbon molecule supply in 

the cytosol of eukaryotic cells. Although GAPDH was originally thought of as an enzyme 

important only for glycolysis, and as a housekeeping gene appropriate for use as a control 

in the measurement of equal loading in experiments, over the last decade, every 

succeeding year has brought to light a new functiori for this protein.,The many and
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diverse roles for this multifunctional protein include among others: DNA replication and 

repair nuclear membrane fusion, apoptosis, microtubule bundling, vesicular secretory 

transport, and maintenance of telomere structure, with its roles in part related to 

subcellular localization. GAPDH has been found in nuclear, cytoplasmic, and membrane 

localizations, and can shuttle between these compartments (Sirover, 2005; Tarze, et al, 

>̂007; Zhou, et al, 2008;). GAPDH has been shown to be ROS in mammalian cells 

(Ravichandran, et al, 1994). Thus, ROS-induced inactivation of GAPDH may cause an 

accumulation of methaemoglobin in RBCs because NADH is essentially required as a 

cofactor for methaemoglobin reductase (Yan, et al, 1999).

1.2.5.2. Cyclin-dependent kinase inhibitor 2Beta

Cyclin-dependent kinase inhibitor 2Beta (CDNK2B) is a cyclin dependent kinase 

inhibitor which is an important negative regulator of cell division (Martignetti, et al, 

1999). This gene encodes a cyclin-dependent kinase inhibitor, which forms a complex 

with CDK.4 or CDK.6, cyclin-dependent kinases, and prevents the activation of the CDK

kinases, thus the encoded protein functions as a cell growth regulator that controls cell
/

cycle G1 progression. CDKs are serines/threonines that require binding on a cycline in 

order to become activated (Bird, 2003). CDK activity is regulated by several processes, 

including phosphorylation on threonine and tyrosine residues, some of these 

phosphorylation steps being stimulatory others inhibitory.

1.2.5.3. Phosphoglucomutase 1

Phosphoglucomutase 1 (PGM1) is an enzyme that facilitates the inter-conversion of 

glucose 1 -phosphate and glucose 6-phosphate. The subsequent products can then travel 

down the glycolysis or pentose phosphate pathway.' PGM is an enzyme widely distributed

12



in nature that catalyzes the redox reaction glucose-1-phosphate to glucose-6-phosphate. 

This is an essential step in carbohydrate metabolism (Gloria-Bottini, et al, 2001).

t
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Figure 2: Glycolysis/Gluconeogenesis pathway. Vlichal G. 2007



Adapted from KEGGS glycolysis/ gluconeogenesis reference pathway. 

^ p yjTfnnme.ad.jp/ke<!» nathwav/ot/ot00010.html 

1.2.6. Pentose phosphate pathway

The pentose phosphate pathway is also known as the phosphogluconate pathway or 

hexomonophosphate shunt. Glucose 6-phosphate dehydrogenase (G6PD) is the 

committed step of this pathway. The pentose phosphate pathway is primarily an anabolic 

pathway that utilizes the 6 carbons of glucose to generate 5 carbon sugars and reducing 

equivalents. The pentose phosphate pathway is strongly reliant on glycolysis as a source 

of metabolites. However, this pathway does oxidize glucose under certain conditions 

(Romano and Conway, 1996). Thus it may be an alternative to glycolysis.

Pentose phosphate pathway is a process that serves to generate NADPH and the synthesis 

of pentose sugars. In its oxidative phase, NADP+ is reduced to NADPH using energy 

from the conversion of glucose-6-phosphate into ribulose 5-phosphate by glucose 6- 

phosphate dehydrogenase. (Dehydrogenation step) Hydrolysis then takes place followed 

by oxidative carboxylation and isomerization.

The gene G6PD of this pathway has been linked to viruses whereby cellular host G6PD 

activity modulates viral gene expression thus modulating the cellular susceptibility to 

viral infection (Wu, et al, 2008).

I.2.6.I. Glucose-6-phosphate dehydrogenase

Glucose-6-phosphate dehydrogenase (G6PD) catalyzes the first step in the hexose 

monophosphate pathway of glucose metabolism, and it produces glutathione in its 

reduced form (Beutler, 1994). Glutathione protects red blood cells from oxidative 

damage. G6PD deficiency is clinically manifested as acute hemolytic anaemia, chronic
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on spherocytic hemolytic anaemia and neonatal hyperbilirubinemia, which is of 

hemolytic origin by agents causing destruction of the red blood cells (Dennery, et al, 

,,001) G6PD, the first and rate-limiting enzyme of the pentose phosphate pathway is a 

major intracellular source of NADPH (Park, et al, 2006). It is highly expressed in the 

adipocytes in cases of obesity. This over-expression provokes dysregulation of lipid 

metabolism and adipocytokine expression, resulting in insulin resistance (Park, et al, 

->005). Over-expression has been shown to promote oxidative stress, and NF-^B 

signaling, which are the key causative factors of chronic inflammation and insulin 

resistance in obesity and its related metabolic disorders (Park, et al, 2006). 

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common enzyme 

deficiency involving more than 400 million people worldwide (WHO, 1989). It still 

reigns as the most common of all clinically significant enzyme defects.

The protective role of erythrocyte (E) Glucose-6-phosphate dehydrogenase (G6PD) 

deficiency against infection with Plasmodium falciparum malaria is supported by case

control studies performed in Africa (WHO, 1989; Denney, et al, 2001). In these studies,
/

it has been established that inherited deficiency of erythrocyte G6PD confers protection 

against Plasmodium falciparum.

Glucose-6-phosphate dehydrogenase enzyme activity has an important role in the cell 

defense against oxidative damage produced by hydrogen peroxide, a compound known to 

activate HIV-1 expression through the intermediate of NF-kappa b (Cappadoro, et al, 

1998; Shreck, et al, 1998).

Replication of HIV depends on efficient expression of the viral regulatory Tat gene. Tat 

codes for a protein that binds a cis-acting stem loop, structure (TAR)present at the 5’end
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of all viral transctripts. Binding of TAR is essential for the Tat function, required early in 

the viral life to increase viral gene expression (Rosen, 1991). During the activation of 

latent HIV-1 infection by H2O2, Tat further stimulates G6PD to ensure cell survival and 

therefore virus production (Ursini, et al, 1993).

1 2 6.2. Glucose-dependent insulinotropic polypeptide

Glucose-dependent insulinotropic polypeptide (GIP) also called gastric inhibitory 

polypeptide, is an incretin hormone released from the upper small bowel in response to 

luminal nutrients that amplifies insulin release from pancreatic beta cells (Pederson,

1994).

Glucose-dependent insulinotropic polypeptide and stimulates proximal and distal steps of 

the exocytotic cascade by acting on a seven-transmembrane spanning G-protein-coupled 

receptor coupled to stimulation of adenyl cyclase, activation of phospholipase A2, and 

increases in intracellular calcium (McIntosh, et al, 1996; Ding, et al, 1997; Gromada, et 

al, 1998; Ehses, et al, 2001). In addition to enhancing insulin release, GIP further acts as

an insulinotropic agent by stimulating pro-insulin gene transcription and translation
/

(Fehman and Burkhard, 1995). Glucose-dependent insulinotropic polypeptide also 

upregulates plasmalemmal glucose transported and hexokinase in the beta cell (Wang, et 

al, 1996).

Glucose-dependent insulinotropic polypeptide is a 42-amino acid peptide hormone 

secreted by endocrine K cells in the proximal small intestine (duodenum and jejunum) in 

response to the ingestion of nutrients, especially fats. It exerts its effects in the stomach 

and pancreas through binding to specific G-protein coupled to gastric inhibitory receptors 

(GIPR) 0f the giucag0ns secreting family of peptides (Krarup, et al, T985; Elliot, et al,
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1993- Baggio and Drucker, 2007). Together with the structurally related peptide, 

glucagons-like peptide 1 (GLP1) released from the intestinal L-cell, GIP is considered 

incretin hormone. The incretin effect denominates the phenomenon that oral glucose 

elicits a higher insulin response than does intravenous glucose. GIP hormone is 

responsible for the incretin effect and is secreted after oral glucose loads, and augments 

insulin secretion in response to hyperglycemia. The insulinotropic response to GIP is 

secreted normally or hypersecreted in type 2 diabetes (Nauck, et al, 1993). The gut 

hormone GIP is released from the duodenum and upper jejunal endocrine K cells and 

modulates insulin secretion after carbohydrate or fat consumption in humans and rodents 

(Isken, et al, 2008). GIP receptors (GIPR) are expressed in pancreatic beta cells but are 

also found in other tissues such as the brain and adipose tissue (Yip and Wolfe, 2000). 

Exposure to high blood glucose concentrations in vivo and in vitro causes decrease in the 

GIPR gene expression in the islets (Xu, et al, 2007).

Glucose-dependent insulinotropic polypeptide is known to be degraded by DPP4,

forming an inactive metabolite, but the extent of the enzyme’s role in regulating the
/

activity of Glucose-dependent insulinotropic polypeptide in vivo is still largely unknown 

(Deacon, et al, 1999). In vitro studies have shown Glucose-dependent insulinotropic 

polypeptide to be a substrate for the enzyme DPP4, resulting in the formation of a 

truncated inactive metabolite, (GIP-3-42). Inhibition of DPPIV reduces the clearance of 

GIP and results in increased levels of intact biologically active GIP. This is accompanied 

by markedly increased insulin secretion and improves glucose tolerance (Ahren, et al, 

2000). This is associated with enhancement of its insulinotropic activity and results in a 

reduction in the glucose excursion after an intravenbus glucose load. Studies have shown
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that Dipeptidyl-peptidase IV inhibitors enhance glucose-induced insulin secretion and 

inhibition of glucagons secretion (Mari, et al, 2005).

1.2.6.3. Dipeptidyl-peptidase IV

Dipeptidyl-peptidase IV is the founding member of a family o f DPPIV activity and/or 

structural homologue (DASH) proteins, enzymes that are unified by their common post

proline cleaving serine peptidylpeptidase mechanism (Sedo and Malik, 2001). 

Dipeptidyl-peptidase IV is identical to CD26, a marker for activated T-cells (De Meester, 

etal, 1999).

Dipeptidyl-peptidase IV is the key enzyme responsible for inactivating both GLP-1 and 

GIP, and genetic disruption or pharmacological inhibition of DPPIV lowers blood 

glucose in rodent and human studies (Marguet, et al, 2000; Ahren, et al, 2002). DPPIV 

inhibitors modify the activity of multiple peptide substrates with glucose-lowering effects 

in addition to GIP and GLP1 (Henriksen, et al, 1998; Zhu, et al, 2003). Either inhibiting 

the enzymatic activity of DPPIV on various animal models or knocking out DPPIV in

mice and rats prolongs the half lives of these two insulin-sensing hormones, increases
/

insulin secretion and improves glucose tolerance (Ahren, et al, 2000; Deacon, et al,

2001 ; Popsilik et al, 2002; Sudre, et al, 2002 ; Villhauer, et al, 2002).

CD26/ Dipeptidyl-peptidase IV protein plays a major role in immune response. Abnormal 

expression is found in the case of autoimmune diseases, HIV-related diseases and cancer 

(Boonacker and Van Noorden, 2002). HIV gpl20 protein inhibits binding between 

adenosine deaminase and DPPIV, and thus inhibits adenosine breakdown. In this way, it 

may contribute to the pathogenesis of HIV-related diseases (Valenzula, et al, 1997).

f
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CD26 colocalizes with CXCR4, which is the receptor for one of the natural substrates of 

CD26, SDF-alpha. This binding induces chemotaxis and antiviral activities of Th2 cells 

(Herrera, et al, 2001). There is a selective decrease in CD26/DPPIV positive T cells in 

HIV-1 infected individuals prior to a general reduction in the number of CD4" cells 

(Blazquez, et al, 1992). This indicates the importance of the immunomodulating role of 

DPPIV which is supported by the finding that antigen response in HIV-1 infected 

individuals can be restored by the addition of CD26/DPPIV in vitro (Schmitz, et al,

1996). It has been shown that DPPIV protease activity of plasma DPPIV was both 

decreased in HIV-infected individuals and inversely correlated with HIV-1 RNA levels in 

cells.

Dipeptidyl-peptidase IV has been considered to be a unique peptidase that cleaves 

dipeptides and proteins containing praline in the penultimate position. It can also cleave 

dipeptides with alanine in that position (proteolysis) (Meintlein, 1999; Ejiiri, 2002). It is 

also involved in signal transduction and can bind to a variety of proteins. Due to its

multifunctional character and its widespread expression, the exact functions of DPPIV in
/

vivo have not yet been elucidated (Jeffrey, 1999).

Dipeptidyl-peptidase IV is a well documented drug target for the treatment of Type II 

Diabetes (Pauly, et al, 1996; Mentlein, 1999).

The enzyme Dipeptidyl peptidase IV (DPP4), a serine protease that preferentially 

hydrolyses peptides after a penultimate NH2 terminal praline (Xaa-Pro) or alanine (Xaa- 

Ala) has been shown to rapidly metabolise GIP and GLP-1 in vitro (Demulth and Heins, 

1995; Mentlien, 1999). Dipeptidyl peptidase IV encodes a plasma membrane
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peptidase that is highly expressed in several tissues including the small intestine, lung

kidney(Bohm- etal• 1995)-

£vvs•t’enome.ad.ip/dbuet-bin/show pathwav?hsa00030+5238

•-•7. Expression analysis techniques 

•-•7.1. Microarray technology

I
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With the advent of large scale gene expression monitoring, new information on genes is 

obtained more easily through the use of microarrays. Microarray technology has been 

used to measure the expression of thousands of genes independently and simultaneously. 

It is possible to view changes in gene expression and cellular function in a much more 

comprehensive manner than was preciously possible (Giri, et al, 2006; Brown and 

Botstein, 1999; Lipshutz, et al, 1999).

In recent years, the use of DNA microarray technology as a tool for analyzing 

differentially expressed genes during viral infection (“viral infectomics”) has provided 

valuable insights into the complex and dynamic relationships between the process of 

infection (Hill, et al, 2001; Nam et al, 2003, Leong, et al, 2005).

The whole process is based on hybridization probing, a technique that uses fluorescently 

labeled nucleic acid molecules as "mobile probes" to identify complementary molecules/ 

sequences that are able to base-pair with one another. Each single-stranded DNA 

fragment is made up of four different nucleotides, adenine (A), thymine (T), guanine (G),

and cytosine (C) that are linked end to end. Adenine is the complement of, or will always
/

pair with, thymine, and guanine is the complement of cytosine. When two 

complementary sequences find each other, such as the immobilized target DNA and the 

mobile probe DNA, cDNA, or mRNA, they will hybridize. 

www.ncbi.nlm.nih.gov/About/primer/microarrays.html

Total RNA or mRNA is extracted from test and reference samples. The samples are 

labeled with different fluorescent dyes, for example, test sample with Cy3 and reference 

sample with Cy5. The two samples are combined and hybridized to a microarray slide 

onto which probes have been immobilized in defined array format. The fluorescence
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tensities are then measured providing a pseudo-colored image where red spots indicate 

,uiation of the corresponding genes in the test sample, while green spots indicateupreg1

j o%vnregulation in the test sample. Typically, the ratio of the average red and the average 

green intensities within a spot are used as a value for the expression level of the 

corresponding gene (Hautaniemi, et al. 2004). 
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Prepare Microarray
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Label witn 
f F luorescen t D ye s

Combine
Equal
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• Schematic for typical cDNA microarrav experiment. Extracted from Hautaniemi, et al. 
2004. -

The reliability of this technique to detect transcriptional differences representative of the 

°nginal sample is affected by several factors. Microarray results are influenced by array



production, RNA extraction, probe labeling, hybridization conditions and image analysis. 

Moreover, a microarray experiment is vulnerable to fluctuations in probe, target and array 

preparation; in the hybridization process, background overshining effects and effects 

resulting from image processing. This may include random fluctuation of labeling, 

varying lengths of DNA after transcription, clone amplification, systematic variations in 

pin geometry, random fluctuations in target volume and slide inhomogeneities (Der, et al, 

1998; Schuchhardt, et al, 2000). Because of the inherent limitations in reliability, genes 

identified as differentially expressed must be validated with another method. Real time 

PCR monitors mRNA levels directly and is the current state-of-the-art for gene 

quantification, and can be adapted for the validation of differentially expressed genes 

identified by microarrays (Rajeevan, et al, 2001).

1.2.7.2, Real-time Polymerase Chain Reaction

Real time PCR constitutes a highly suitable platform for the authentication of microarray 

data, as it offers the advantages of being more rapid and sensitive than conventional 

assays such as Northern blots or RNase protection assays (Max, et al, 2001). The 

optimized real time PCR conditions are reproducible and reliable and thus more relevant 

and accurate to any investigation at the transcript level (Walker, 2002). The use of 

quantitative PCR has greatly enhanced the ability of researchers to analyse changes in 

gene expression in various animal and human experiments (Wecker, et al, 2008).

Real time PCR measures the accumulation of the PCR amplicon during the exponential 

phase of the PCR reaction. It has higher sensitivity and enables the quantification of gene 

expression, is reliable and accurate. It is also reproducible in the detection of mRNA
t• *

expression levels for several different genes. Real time PCR allotvs not only the
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^confirmation but also the extension of previous reports of gene expression and correctly 

uantifies mRNA gene expression during health and disease (Carvalho-Gaspar, et al,
H

2005).

Quantitative real-time PCR (RT qPCR) is a fast, straightforward and reproducible 

technique which negates the need for post-PCR product handling and is increasingly 

becoming the method of choice for the accurate profiling of mRNA levels (gene 

expression) due to its accuracy, wide dynamic range and sensitivity (Bustin, 2002; 

Gizinger, 2002). RT qPCR enables the investigator to determine the expression levels of 

a given set of genes in a range of samples and is particularly useful when the sample 

quantity is limited (Heid, et al, 1996). Regardless if the gene expression profiling 

technology (such as microarrays), once the sequence of the gene of interest is known, the 

real time PCR approach is well suited for validation of differential expression since it is 

quantitative and rapid and requires 1000-fold less RNA than conventional arrays 

(Rajeevan, et al, 2001).

The quantitative aspect at qRT-PCR can be accomplished in several ways, one of which
/

one accurately quantify mRNA species in terms of copy number expressing results as 

copy numbers per microgram of cDNA, after comparison of samples directly regardless 

of mRNA synthesis (Whelan, et al, 2003). A second method, the SYBR Green method 

uses the comparative threshold analysis allows to estimate copy numbers in unknown 

samples, requiring the existence of a standard consisting of template DNA with known 

number of copies of each of the studied genes, and a housekeeping gene that permits 

normalization of the quantitative data (Ferriera, et al, 2006).

f' *
\ f
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SYBR Green provides the simplest and most economical format for detecting and 

quantitating PCR products in real time reactions. SYBR Green I dye is a non specific 

intercalating dye hence the reaction is made specific by using “hot start” PCR and 

empirically determined annealing and signal acquisition temperatures for each gene- 

specific primer. Relative expression levels are quantified by constructing standard curves 

using cDNA dilutions of a sample with highly expressed gene of interest, or 

housekeeping gene (Rajeevan, et al, 2001). The disadvantage is that the SYBR Green 

will bind to any double stranded DNA in the reaction including primer-dimers and other 

non-specific reaction products, which may result in an over-estimation of the target 

concentration. However, the specificity of the reaction can be monitored by 

determination of the product melting temperature (Tm) defined as the temperature at 

which half of the DNA helical structure is lost). The “hot start” PCR improves reaction 

specificity by acquiring a signal at a temperature 1-2°C below the Tm of specific product, 

avoiding the non-specific signal from primer-dimers that usually melt at lower 

temperatures. For single PCR product reactions with well designed primers, SYBR Green 

can work extremely well. SYBR Green binds to the minor groove of double stranded 

DNA in a sequence independent way. When it binds, its fluorescenct intensity increases 

100-fold. As more amplicons are produced, SYBR Green dye signal will increase 

(Deprez, et al, 2002).

/
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sVBR Given dye attaches when 
there is double stranded DNA.

When the DNA is denatured the SVBR 
Green Dye floats free.

Extension phase begins as primers 
anneal.

Polymerization is complete. SVBR Green 
Dye binds to the double stranded product 
and fluoresces.

Real time PCR by SYBR Green Chemistry. Adapted from

appliedbiosystems.com/support/tutorials/pdf rtper vs tradpcr.pdf



[Vlost of real time PCR data show concordance with the normalized microarray data. 

Hence, real time PCR validation of high-throughput gene microarray screening is 

important and necessary before further conclusions on gene expression can be drawn 

(Liew and Chow, 2006). Comparison of microarray quantitation and quantitative PCR 

has shown almost identical profiles for a number of genes measured in an experiment i.e. 

gene expression levels for 1L-1 Beta, IL-1 alpha and IL-8 was measured independently 

using quantitative PCR; the temporal expression profiles obtained were almost identical 

to those using microarray quantitation (Walker and .Rigley, 2000). Reproducible 

quantification of gene expression requires an internal reference, for example, a non 

regulated housekeeper gene, to exclude an essential influence of variations in sample 

quality or quantity. Real time PCR protocols allow the measurement of the time until 

fluorescence reaches a pre-defined level during the amplification process, thus providing 

quantitative data on the amount of nucleic acids in the sample at the beginning of the 

reaction (Meckelnburg, et al, 2007).

1.2.8. Housekeeping genes

The logic behind the use of a housekeeper gene is that its transcriptional levels will not 

change even if the target gene changes expression patterns dramatically. Housekeeping 

genes are typically used as endogenous controls because they are constitutively expressed 

at levels that are assumed to be constant with respect to time and environmental 

exposures. Hundreds of potential housekeeping genes have been identified by microarray 

analyses and many of these may have use as controls (Warrington, et al, 2000; Overberg, 

el aI* 2001). The 'ideal' reference gene for RT qPCR would be one whose mRNA is 

consistently expressed at the same level in all samples under investigation, regardless of
t
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tissue type, disease state, medication or experimental conditions and would have 

expression levels comparable to that of the target (Suzuki, et al, 2000). Relative gene 

expression comparison work best when the control gene remains constant and is more 

abundant in proportion to total RNA, among the samples. Housekeeping genes are 

defined by specific gene promoter elements which determine that they are expressed 

constitutively in every cell, but that does not necessarily mean that their expression is not 

regulated. The use of housekeeping gene expression has allowed relatively inexpensive 

and simple technologies to be used. Control of RNA quality and cDNA synthesis 

efficiency without housekeeping gene expression is otherwise difficult (Glare, et al, 

2002). The choice of housekeeping genes as internal standard in quantitative real-time 

PCR is critical for the estimation and comparison of mRNA levels in gene expression 

studies.

Gene expression levels are commonly normalized to distinguish between real (biological) 

variation and deviations resulting from measurement processes such as run-to-run

variation, disparities in mRNA quantity and quality among samples, pipetting errors, and
/

efficiencies of the enzymes used for the reverse transcription and amplification steps 

(Warrington, et al, 2000).

Estimations of gene expression at the mRNA level and comparative analysis of mRNA 

expression levels of genes of interest in different cells and tissues require methods for 

accurate normalization. To this end, levels of mRNA for basic structural proteins and 

genes necessary to maintain basic cellular functions, as well as structural RNA expressed 

in essentially all cell types have been used as internal standards. Commonly used so- 

called housekeeping genes are b-actin, glyceraldehyde-3-phosphate dehydrogenase
\ t, 1
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(GAPDH) and 18S rRNA (Suzuki, et al, 2000). Quantitation of the mRNA targets can 

thus be normalized for differences in the amount of total RNA added to each reaction, for 

example, by use of Glyceraldehyde-3-phosphatedehydrogenase (GADPH). As a 

normalizer, it is expressed at a constant level at different time points by the same 

individual and also by different individuals at the target cell or tissue (Dorak, 2006). The 

accuracy of 18S rRNA, beta-actin mRNA and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) mRNA as indicators of cell number when used for 

normalization in gene expression analysis of T lymphocytes at different activation stages 

has been investigated. Quantitative real-time reverse transcriptase-polymerase chain 

reaction was used in an experiment to determine the expression level of 18S rRNA, beta- 

actin mRNA, GAPDH mRNA and mRNA for six cytokines in carefully counted samples 

of resting human peripheral blood mononuclear cells (PBMCs), intestinal lymphocytes 

and PBMCs subjected to polyclonal T-cell activation. Cytokine analysis revealed that 

only normalization to 18S rRNA gave a result that satisfactorily reflected their mRNA

expression levels per cell. In conclusion, 18S rRNA was the most stable housekeeping
/

gene and hence superior for normalization in comparative analyses of gene expression 

levels in human T lymphocytes (Bas, et al, 2004). It has been proposed as a reliable 

standard for the use for relative real time PCR in gene expression. The level of ribosomal 

RNAs, which constitute up to 80% of the total RNA is thought to be less likely to vary 

under conditions that affect the expression of mRNAs and moreover, they are transcribed 

by a distinct RNA polymerase (Goidin, et al, 2001). GAPDH and b-actin are both 

essential for the maintenance of cell function, it is generally assumed that they are 

constitutively expressed at similar levels in all cell types and tissues* However, several
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reports indicate that the expression of these housekeeping genes varies across tissues and 

cell types, during cell proliferation and development (Mansur, et al, 1993).
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1.3. STATEMENT OF THE PROBLEM

From previous work it is evident that there is resistance to HIV-1 among commercial sex 

workers who are continuously exposed to HIV-1 yet they remain uninfected by the virus. 

This resistance correlates with the presence of HIV-1 specific cellular immune responses 

and mucosal immune responses, and in some cases is durable for as long as 20 years in a 

subgroup of women in the cohort.

However, studies have also shown that these associations do not explain the phenomenon 

of HIV-1 resistance entirely; and indicate that there is at least some genetic basis for the 

phenomenon. Thus, it is necessary to determine if genetic factors also contribute to the 

development of protective responses and escape of infection in HIV-1 exposed 

individuals.

A gene expression profile by cDNA microarray technology was previously performed 

and genes expressed clustered into pathways. Of these genes, those of the glycolytic 

pathway showed significant down-regulation.

Hence, the purpose of this study was to monitor gene expression in HIV-1 resistant
/

commercial sex workers to identify which genes are important in susceptibility to HIV-1 

through their up-regulation or down-regulation; and more specifically, to validate the 

preliminary gene expression data obtained after the microarray assay.
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1.4. JUSTIFICATION

^ jetailed knowledge of the differences in gene expression in HIV-1 resistant subjects in 

comparison to HIV-1 positive and negative susceptible subjects will provide the basis for 

further understanding the molecular regulation of immunity against HIV-1 infection.

The examination and characterization of the expression patterns for these genes will 

provide valuable information regarding the biological potential in immunologically 

relevant cell populations.

The search for genetic host factors that might affect the susceptibility to HIV infection 

was thus the basis of this study.

This study aimed to quantify gene expression in order to investigate the role of these 

genes involved in the glycolysis, pentose-phosphate and insulin signaling pathways in 

resistance to HIV-1 infection; as they had showed differential expression in a preliminary 

microarray study; thereby making it possible to make connections between genes not 

previously associated and resistance to HIV-1 at the functional level on the basis of 

temporal expression profiles.
/

1.5. HYPOTHESES

1.5.1. Null hypothesis

The expression of selected genes in HIV-1 resistant commercial sex workers does not 

differ from that of HIV-1 susceptible and HIV-1 negative women in the Pumwani Sex 

Worker cohort.
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1,5.2. Alternative hypothesis

The expression of selected genes in HIV-1 resistant commercial sex workers differs from 

that of HIV-1 susceptible and HIV-1 negative women in the Pumwani Sex Worker 

cohort.

1.6. OBJECTIVES

1.6.1. General objective:

To determine the differences in expression levels of selected genes suggested to be 

alternately regulated in HIV-1 resistant commercial sex workers through gene expression 

profiling.

1.6.2. Specific objectives:

1. To determine the expression levels of 9 selected genes by quantitative real-time 

PCR.

2. To identify up-regulated and down-regulated genes in HIV-resistant women,
/

uninfected HIV-1 susceptible women and HIV-1 infected women.
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CHAPTER 2 

METHODOLOGY

2.1. Study population

The subjects are drawn from a commercial sex worker cohort based in the Majengo slum, 

Nairobi and managed by the University of Nairobi/University of Manitoba collaborative 

group. The cohort has been studied for well over two decades by the group and is well 

described (Fowke et al, 1996).

The 56 study subjects randomly selected from this population were classified as follows:

1 . 14 highly HIV-exposed but uninfected (HIV resistant) commercial sex workers in the 

cohort >7yrs.

2. 14 newly enrolled HIV uninfected, and therefore susceptible to HIV (New Negative), 

<3yrs commercial sex workers.

3. 14 HIV infected (Positive) commercial sex workers.

4. 14 non sex worker HIV negative antenatal clinic attendees (MCH) as the control. The

MCH cohort members are not commercial sex workers and are considered to be at
/

low risk for contracting HIV (Embree, et al, 2000).

During every resurvey, all patients were routinely tested for HIV sero-status using 

ELISA (Recombigen, Trinity, Carlifonia, USA). Those testing positive are confirmed by 

a separate immunoassay (Detect HIV 1/2. Montreal, Canada). Only those testing positive 

lor both arrays are considered positive.

•̂1.1. Inclusion Criteria

E The women included in the study werel 8years and above. ,
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2 The study subject had volunteered out of their own will.

3 The study only included women in the cohort or who had been in the cohort for at 

least 2 months.

4 Those derived from the commercial sex worker cohort were able to attend the clinic 

at Majengo every 6 months for sample collection and follow up.

2.1.2. Exclusive criteria

1 Subjects who had not attended clinic at Majengo for the current resurvey (May- 

August 2007) were not sampled.

2. No sampling was done on women who were not part of the Majengo Sex-worker 

cohort, Pumwani or the MCH control group.

2.2. Sample Acquistion

Peripheral blood was collected from the Majengo clinic by qualified personnel by 

collecting peripheral venous blood in PAXgene Blood RNA tubes (Preanalytix, GMBH)

containing a proprietary reagent composition based on a patented RNA stabilization
/

technology that protects the RNA from degradation by RNases and minimizes induction 

of gene expression.

2.3. Ethical Considerations

Informed consent for demographic and behavioural surveys, as well as biological 

sampling had previously been obtained from all study participants. The study was 

approved by the Institutional Review Boards of The University of Nairobi through 

Kenyatta National Hospital and The University of Manitoba Ethical Review boards. All
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clinical investigations were conducted according to the Principles of Helsinki 

Declaration. The consent forms are attached as Appendix A.

2.4. Experimental procedures

2.4.1. RNA extraction

Cellular RNA was isolated from whole blood with PAXgene Blood RNA Kit (Qiagen, 

USA) from 2.5 ml samples of human whole blood, collected in PAXgene Blood RNA 

Tubes (Preanalytix, GMBH).

Protocol

Materials and reagents

1. PAXgene blood RNA tubes

2. 10ul-4ml pipettes

3. Buffer BR1

4. Buffer BR2

5. Buffer BR3

6. Buffer BR4

7. Buffer BR5

8. Graduated cylinder

9. Ethanol (96-100%)

10. 1.5 ml microcentrifuge tubes

11- Sterile, aerosol-barrier. RNase-free

12. Microcentrifuge (with rotor for 1.5

12- Shaker-incubator

pipette tips 

ml and 2 ml tubes)
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13. Vortex mixer

14. Disposable gloves

15. RNase-free water 

Procedure:

1 Centrifugation of the PAXgene Blood RNA Tubes was done for 10 min at 3750rpm 

using a swing-out rotor in an IEC CL40R centrifuge..

2. The supernatant was removed; 4 ml RNase-free water was added and the tubes closed 

using a fresh secondary Hemogard closure.

3. The pellet was thoroughly resuspended by vortexing, and repelleted by centrifugation 

done for 10 min at 3750rpm. The entire supernatant was removed and discarded.

4. The pellet was thoroughly resuspended in 350 pi Buffer BR1 and mixed by vortexing.

5. The samples were transferred into 1.5ml microcentrifuge tubes and 300 pi Buffer 

BR2 and 40 pi Proteinase K added. Mixing was done by vortexing for 5 seconds, and 

incubated for 10 min at 55°C in a shaker-incubator at 400-1400rpm.

6. After mixing, the samples were centrifuged for 3 min at maximum speed in a
/

microcentrifuge. The supernatant was transferred to a fresh tube.

7. 350 pi of 96-100% ethanol was added followed by vortexing, and brief centrifugation 

(1-2 seconds; < 1000 x g) to remove drops from the inside of the tube lid.

8. 700pl sample was transferred to a PAXgene RNA spin column placed in a 2 ml 

processing tube, and centrifuged for 1 min at 14,000 rpm. The PAXgene column was 

placed in a new 2 ml processing tube and the old processing tube containing tlow-through 

discarded.
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9. The remaining sample was transferred to a PAXgene column, and centrifuged for 1 

min at 14,000rpm. The PAXgene column was placed in a new 2 ml processing tube, the 

old processing tube containing flow-through discarded.

10. 700 pi Buffer BR3 was transferred into a PAXgene column, and centrifuged for 1 

min at 14000rpm. The PAXgene column was placed in a new 2 ml processing tube, the 

old processing tube containing flow-through discarded.

11. 500 pi Buffer BR4 was added to the PAXgene column, and centrifuged for 1 min at 

I4,000rpm. The PAXgene column was then placed in a new 2 ml processing tube, the old 

processing tube containing flow-through discarded.

12. Another 500 pi Buffer BR4 was added to the PAXgene column and centrifuged for 3 

min at maximum speed to dry the PAXgene column membrane.

13. To elute, the tube containing the flow-through was discarded; the PAXgene column 

was transferred to a new 2ml processing tube, and 40 pi Buffer BR5 was added directly 

to the PAXgene column membrane. This was centrifuged for 1 minute at MOOOrpm. The

whole membrane was wet with Buffer BR5 in order to achieve maximum elution
/

efficiency.

14. The elution step (step 13) was repeated as described, using 40 pi Buffer BR5.

15. The eluate was incubated for 5 min at 65°C in a shaker incubator. Following 

incubation, the sample was chilled immediately on ice and the RNA sample stored at -  

70°C.

2.4.2. RNA quantitation
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Quantification and quality analysis of the isolated RNA samples prior to reverse 

transcription was performed using the Agilent RNA 6000 Nano Kit (Agilent, Ontario, 

Canada).

1 . A gel was prepared for the qauntitation using the Agilent RNA 6000 Nano gel 

matrix whereby 250pl was placed in a spin filter in a microcentrifuge and spun 

for 10 min at 4000rpm.

2. The RNA 6000 NAno dye concentrate was vortexed for lOsec and spun down.

3. 1 pi of RNA 6000 Nano dye concentrate was added to a 65pl aliquot of filtered 

gel.

4. The tube was capped, vortexed thoroughly and visually inspected for proper 

mixing of gel and dye. The dye concentrate was stored in the dark again.

5. The tube was spun for lOmin at room temperature at 14000 rpm. The prepared 

gel-dye mix was used.

6. To load the gel-dye mix, it was first allowed to equilibrate to room temperature 

for 30min and protected from light.
/

7. 9 pi of the gel-dye mix was dispensed into a new RNA Nano chip into each well. 

Care was taken not to draw up particles that may sit at the bottom of the mix vial 

and bubble formation that lead to poor results.

8. Ladder aliquots and samples were heat denatured at 70 °C for 2 min to minimize 

secondary structure. 1 pi of samples and RNA ladder were added into respective 

wells and the chip was vortexed for 60sec at 2400 rpm.

9. Quantification was then performed in the Agilent 2100 bioanalyzer.
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2.4.3. cDNA synthesis ( reverse transcription of RNA)

Materials and reagents

QuantiTect Reverse Transcription Kit (Qiagen. Ontario, Canada)

Template RNA 

RNase-free water 

Reverse Transcription step:

Each RNA sample was standardized to lOOng. Standards for the standard curve were also 

prepared, standardized and reverse-transcribed in the same manner.

For generation of cDNA from total RNA for real time PCR, the Quantitect Reverse 

Transcription Kit was used (Qiagen, Ontario, Canada).

1 . Genomic DNA elimination was done by mixing the template RNA with 2 pi of gDNA 

Wipeout Buffer and RNase-free water.

2. This was incubated for 2min at 42°C then placed immediately on ice.

3. The reverse-transcription master mix was prepared by mixing 1 pi Quantiscript

Reverse-transcriptase, 4 pi Quantiscript RT Buffer, lul RT Primer mix and lpg template
/

RNA.

4. Template RNA was added to each tube containing the reverse-transcription master 

mix, mixed and stored on ice.

5. This was then be incubated for 15min at 42°C.

6. Incubation was thereafter done for 3min at 95°C to inactivate the Quantiscript reverse 

transcriptase.

7. An aliquot for each finished reverse transcription reaction was added to real-time PCR 

master mix.
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2.4.4. Standards:

For the external standards, a control sample was taken and the PBMCs were isolated 

from the whole blood. The cells were then stimulated with Phytohaemagglutinin (PHA) 

for the upregulation of genes for 16 hours at 5 ug/ml PHA.

RNA was then isolated using the RNeasy Kit (Qiagen, Ontario, Canada).

Dilutions of the RNA were made 1:10, 1:100, 1:1000 and Undiluted and cDNA prepared 

for each standard as the rest of the RNA samples. The cDNA obtained was stored at - 

20°C until use.

2.4.5. Real-time PCR.

Real time PCR was used for the confirmation of gene expression differences between 

populations. The genes under study are Cyclin-dependent kinase inhibitor 2B; Dipeptidyl 

peptidase IV; Gastric inhibitory polypeptide receptor; Glucose-6-phosphate 

dehydrogenase; Insulin receptor substrate 1; Phosphatidyl inositol 3-kinase, catalytic,

Gamma; Phosphoglucomutase 1; Pyruvate kinase muscle 2 and 18S r RNA as the
✓

endogenoue control. There was generation of standard curves for each gene by 

amplifying a 10-fold dilution series of total RNA extracted from PHA-stimulated PBMCs 

pool. All standard curve samples and test samples were run in duplicates. Each real time 

reaction had a no template control to ensure non-contamination of samples.

Materials and reagents

2x QuantiTect SYBR Green RT-PCR Master Mix (Qiagen, Ontario, Canada)

10x QuantiTect Primer Assay (Qiagen, Ontario, Canada)
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Template cDNA

Lightcycler1M (Roche Diagnostics, Mannheim, Germany).

Amplification of cDNA and detection of products were accomplished using the 

Quantitect SYBR Green PCR Kit (Qiagen, Ontario, Canada). Gene specific primers were 

also used i.e. Quantitect Primer Assay (Qiagen, Ontario, Canada).

Table 1: Primers

GENE

g en e  d e s c r ip t io n SYMBOL ENTREZID

Cyclin-dependent kinase inhibitor 2B CDKN2B 1030

Dipeptidyl peptidase 4 DPP4 1803

Gastric inhibitory polypeptide receptor GIPR 2696

Glucose-6-phospahte dehaydrogenase G6PD 2539

Glyceraldehyde-3-phosphate dehydrogenase GAPDH 2597

Insulin receptor substrate 1 IRS1 3667

Phosphatidyl inositol 3-kinase, catalytic, Gamma PIK3CG 5294

Phosphoglucomutase 1 PGM1 5236

Pyruvate kinase muscle 2 PKM2

18S rRNA 18S rRNA

Procedure
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1 2x QuantiTect SYBR Green RT-PCR Master Mix, lOx QuantiTect Primer Assay, 

(Qiagen, Ontario, Canada) template cDNA, and RNase-free water were thawed. The 

individual solutions were mixed and placed on ice.

2 . A reaction mix was prepared as follows while the samples were still being kept on ice: 

25 pi of 2x QuantiTect SYBR Green RT-PCR Master Mix*; 5 pi of lOx QuantiTect 

Primer Assay; heat-labile Uracil-N-glycosylase (optional) and RNase-free water were 

mixed thoroughly and dispensed appropriately into the LightCycler capillaries 

(Roche,GmbH)

4. Template cDNA (jUlO ng/reaction) was added to the individual capillaries containing 

the reaction mix. For the optional UNG treatment, the samples will be were left for at 

least 10 min on ice.

5. The LightCycler real time thermocycler (Roche, GmbH) was programmed with PCR 

initial activation step at 95°C for 15min and 3-step cycling with denaturation for 15 sec 

at 94°C, annealing for 30 sec at 55°C and extension for 30 sec at 72°C .

Data acquisition was performed during the extension step.
/

50 cycles were run. Melting curve analysis of the RT-PCR product(s) was performed to 

verify their specificity and identity.

/
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T a b le  2: T h e r m o c y c l in g  c o n d it io n s  u s e d  fo r  q R T - P C R  o f  a l l  g e n e s  a n d  s a m p le s .

Stage

Temp

(°C) Time

Temp. Transition 

rate Detection

Denaturation and "hot

start" 95°C 15 min 20°C/sec None

"PCR amplification 94°C 15 sec 20°C/sec None

Annealing 55°C 20 sec 20°C/sec None

Product elongation 72°C 20 sec 20°C/sec Single

x 50 cycles

Melting 95°C 0-sec hold 20°C/sec None

60°C 15 sec 20°C/sec None

95°C

0-15 sec 

hold 0.1°C/sec Continous

2.4.6. Data management and analysis

Data was recorded in excel spreadsheets and stored in a computer’s hard drive, portable 

disks (flash disk, CD-ROM) plus a hard copy kept as back up.

Relative qauntitation was performed with external standard curves for each primer. 

Quantification of transcript levels was performed using Light Cycler Data Analysis 

(LCDA) (Roche, GmbH) using the calibrator normalized relative quantification with 

efficiency method. The standard curves for each target gene and 18S rRNA were
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generated. The standard curves were then exported into RelQuant (Roche, Quebec) from 

LCDA. The standard curves from each gene were then compared to the standard curve of 

the control gene, 18S rRNA. This was to correct for any template differences on an 

individual gene basis, hence a normalized ratio of target gene to reference gene for each 

sample. These normalized corrected ratios then underwent further analysis.

Statistical analysis was accomplished by GraphPad Prism 4 Software Version (GraphPad 

Software, San Diego, USA). For the comparisons, differential expression of genes 

between groups was evaluated by both fold change and P value. Calculation of P values 

for each individual gene compared between groups was accomplished by the Students T 

Tests (non-parametric). P values below 0.05 were considered to show a statistically 

significant difference.

/
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C H A P T E R  3

RESULTS

The gene expression differences between the study groups were expressed by both fold 

change and P value. The fold changes were determined by dividing the mean expression 

value for a given gene within the test sample groups (HIV-1 Resistants, New Negatives 

and Positives) by the mean value of the control condition (MCH).

3.1. Quantification of mRNA levels of HIV-1 resistant women, HIV-negative and 

HIV positive women by real time PCR.

The differential mRNA expression is shown, as determined by quantitative real time 

PCR. mRNA expression of some of the genes was clearly different among the three 

groups. The p values were obtained after comparison with the non sex worker HIV 

negative antenatal clinic attendees (MCH) as the control. MCH group was used as a 

baseline to determine levels of expression under ‘normal’ uninfected state. 

Glucose-6-phosphate dehydrogenase (G6PD) showed significantly lower expression in

HIV-1 resistant women (p=0.0298) as compared to the uninfected HIV-1 susceptible/'

(p=0.5226) and HIV-1 positive (p=0.9533) women.

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) also showed significantly lower 

expression in HIV-1 resistant women (p=0.0131) as compared to the uninfected HIV-1 

susceptible (p=0.347) and HIV-1 positive (p=0.5824) women.

The rest of the genes did not show any significant expression changes. However, Gastric 

Inhibitory Polypeptide Receptor (GIPR), Pyruvate Kinase Muscle 2 (PKM2) and Cycline 

Dependent Kinase Inhibitor 2B (CDKN2B) showed signs of following the same trend 

although there was no statistical significance. ,
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Table 3: FOLD CHANGES & FOLD DECREASES

Relative expression differences in terms of fold changes and fold decreases.ss

NEW

g en e /g r p RESISTANTS NEGATIVES POSITIVES

FOLD FOLD FOLD FOLD FOLD FOLD

CHANGE DEC CHANGE DEC CHANGE DEC

~G6PD 0.2557 3.88 1.4157 0.9783 1.022

GAPDH 0.2993 3.341 1.4357 1.4428

GIPR 0.4226 2.366 2.2059 0.9527 1.05

CDK2NB 0.4412 2.267 1.2703 0.3061 3.267

IRS1 0.8958 1.116 1.6604 0.5923 1.688

PGM1 0.5256 1.9 0.6162 1.623 0.4026 2.484

PIK3CG 0.6534 1.53 0.5464 1.83 0.4506 2.219

PKM2 0.3942 2.537 0.9244 1.082 0.4738 2. 1 1 1

DPP4 0.4249 2.353 2.2059 0.1802 5.55

Table 3 shows the relative expression in terms of fold changes/ fold decreases. For fold
/

changes of less than 1 , the fold decreases were calculated.

G6PD had a fold change of 0.2557, and a fold decrease of 3.88. That means that G6PD 

was 3.88 times down-regulated in resistant women. The gene was expressed the same in 

the HIV-1 susceptible uninfected (1.4157 fold change) and the HIV-1 positive (0.9783 

fold change) women.

GAPDH had a fold change of 0.2993 and had 3.341 fold down-regulation in HIV-1 

resistant women.

GIPR and CDKN2B also showed double fold down-regulation (2.366 and 2.267 fold
\ t, t

down-regulation). IRS1 showed 1.116 fold down regulation.
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the uninfected HIV-1 susceptible women, termed as "New Negatives", the genes 

FgaPdH (p=l .4357), G1PR (p=2.2059). CDKN2B (p=0.1.2703) and 1RS1 (p= 1.6604) 

vVere slightly up-regulated.

lonl> GAPDH showed up-regulation in HIV-1 positive women (p= 1.4428).

[ r^e genes PGM1, PIK.3CG and PKA12 showed down-regulation in all the study groups. 

ppp4 was down-regulated 2.353 times in HIV-resistant women. It was however up- 

regulated 2.2059 times in New Negatives and down regulated 5.5t'old in HIV-positive 

women.

The follow ing are graphs show ing the expression of each of the 9 genes:

G6PD EXPRESSION
GAPDH EXPRESSION

p=0.5226

I ■ f ■
RES MCH NEW NEG POS

p=0.5824

RES MCH NEW NEG 

POPULATIONS
POS

Figure 6:G6PD expression Figure 7:GAPDH expression

Both G6PD and GAPDH show lower significant expression levels as compared to the 

control. MCH and the other groups New Negatives and Positives.

/
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Figure 9: IRS1 expression
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PIK3CG EXPRESSION
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RESISTANT MCH
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populations

p=0.1746
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Figure 10: PGM1 expression Figure 11: PIK3CG expression

Both PGM1 (p=0.3729) and PIK.3CG (p=0.4401) genes were not significantly down 

regulated in HIV-1 resistant women.
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Figure 12: PKM2 expression Figure 13: CDK2NB expression

The same observation was made for the PKM2 (p=0.1657) and CDK2NB (p=0.3431) 

genes which were down-regulates in HIV-1 resistant women but this was not statistically 

significant.

DPP4 EXPRESSION

Figure 14: DPP4 expression

DPP4 gene was also down-regulated but not significantly in HIV-1 resistant women. The 

gene was also down-regulated in HIV-1 infected women.
f• i
\ I
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3.2. Comparison of Microarray data vs Quantitative Real Time PCR

Quantitative Real time PCR was conducted to validate the results found by a preliminary 

microarray assay.

Table 4: MICROARRAY VS QUANTITATIVE REAL TIME PCR (HIV-1 RESISTANT WOMEN

MICROARRAY REALTIME PCR

GENE

FOLD

CHANGE

FOLD

DEC P-VALUE

FOLD

CHANGE

FOLD

DEC

P-

VALUE

G6PD 0.2557 3.91 0.0294 0.2557 3.88 0.0298

GAPDH 0.3048 3.28 0.0036 0.2993 3.341 0.0131

GIPR 0.1937 5.162 0.001 0.4226 2.366 0.2997

CDK2NB 0.659 1.52 0.2689 0.4412 2.267 0.3431

IRS1 0.608 1.645 0.0424 0.8958 1.116 0.8218

PGM1 0.3892 2.569 0.0006 0.5256 1.9 0.3729

PIK3CG 0.806 1.241 0.5092 0.6534 1.53 0.4401

PKM2 0.876 1.142 0.6338 0.3942 2.537 0.1657

DPP4 2.085 0.0082 0.4249 2.353 0.4251

Table 5 shows the comparison of results from a microarray assay.

The RT-qPCR data of G6PD validates the microarray data showing that G6PD is down- 

regulated in HIV-1 resistant women. (Microarray p=0.0294, 3.91 fold down-regulation; 

RT qPCR p=0.0298, 3.88 fold down-regulation).

GAPDH was also validated as down-regulated in HIV-1 resistant commercial sex 

workers. (Microarray p= 0.0036, 3.28 fold down-regulation; RT-qPCR p=0.0131; 3.341 

fold down-regulation). - - *

\ t
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^|pR. IRS 1 and PGM1 genes showed some down-regulation in the microarray. G1PR 

^ 0.001. 5.162 fold down-regulation: IRS1 p=0.0424. 1.645 fold down-regulation and 

pGM 1 p=0.0006. 2.569 fold down-regulation. However, this was not validated by RT 

pCR as the differences were not significant. (G1PR p=0.2997. IRS1 p=0.8218 and
1̂

pGMl p=0.3729).

(_'DK.N2B. PIK.3CG and PKM2 showed no significant differences in both microarray 

assay and quantitative real time PCR. These genes were all expressed at a normal level. 

[)PP4 expression in q RT-PCR showed the opposite trend from that seen in the 

microarray assay. It showed up-regulation in the microarray assay (p=0.0082. 2.085 fold 

change) whereas in the q RT-PCR assay DPP4 was down-regulated (p=0.4251. 2.353 

fold down-regulation).

The follow ing graphs show a pictorial comparison of the Microarray assay compared to 

the q RT-PCR:

(i) (ii)

G6PD

RESISTANT
POPULATIONS

p=0.0294

G6PD EXPRESSION

p=0.0298

Figure 15 (i) and (ii) shows a comparison of 
G6PD expression between microarray assay and qRT-PCR



( 11)

GAPDH e x p r e s s io n

rESISTANTS
POPULATIONS

MCH

zO
w

1.25-

1.00-CO
UJcr
CL 0.75-
X■Jaa
UJ
UJ 0.50->

|a
h~
3 0.25-Cf UJoc o.oo-l

GAPDH EXPRESSION

p=0.0131

RESISTANT
POPULATIONS

Figure 16 (i) and (ii) shows a microarray and qRT-PCR comparison of GAPDH 

expression

Both G6PD and GAPDH followed the same trend of significant down-regulation (lower

levels of both genes) in HIV-1 resistant women in both the microarray assay and q RT- 

PCR.

(i) (ii)

CDK2NB EXPRESSION CDKN2B EXPRESSION
« 0.45-1 0)
% 0.40-
0 0.35-
2  0.30- 0
;  0.25- 
°  0.20-

1 °15'
S o.io-
I  0.05- 
UJ 0 00-

P=0 269

POPULATIONS Fig

zo(/)(/)LUcc
Q.XUJ
LU>p
5UJ0£

70-

60-

50-

40-

30-

20-

10-

0-

p=0 3431

RESISTANT MCH
POPULATIONS

ure 17 compares CDNK.2B microarray and qRT-PCR expression

t
5 4



E
X

P
R

E
S

S
IO

N
 F

O
L

D
 C

H
A

N
G

E

(■pKN2B showed no significant ditterence in the expression levels above.

(i) (ii)

OJ
0  0.7-1z4
5
5 0

0.6-  

0 5-

0.3-

GIPR EXPRESSION

P<0 001
g;SSSgjSSKffP -gg 
m m m

POPULATIONS

GIPR EXPRESSION

inm
LUaca.
x

12.5*

10.0-

7.5*

5.0-

2.5-

0.0-

Figure 18 (i) and (ii) shows a comparison between GIPR microarray and qRT-PCR 
expression.

GIPR showed significant down-regulation in HIV-1 resistant women after the microarray 

assay (p<0.001). However, only a slight down-regulation was noted in the HIV-1 

resistant women although it was not significant statistically.
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^^pigure 19 (i) and (ii) shows a comparison between IRS1 microarray and qRT PCR

expression

Î Sl gene showed significant under-expression in HIV-1 resistant women in the

microarray assay. However this under-expression was not confirmed by the qRT-PCR as 

j, showed no significant difference in the expression.

(i) (ii)

PGM1 EXPRESSION

POPULATIONS

PGM1 EXPRESSION

RESISTANT MCH
POPULATIONS

RESISTANTS

Figure 20 (i): PGMl microarray expression (ii): PGMl qRT-PCR expression

The same trend was seen in PGMl whereby the microarray data showed significant
/

overexpression while qRT-PCR did not.



PIK3CG EXPRESSION
PIK3CG EXPRESSION

POPULATIONS
POPULATIONS

Figure 21(i): PIK.3CG microarray expression (ii): PIK3CG qRT-PCR expression 

Both the microarray assay and qRT-PCR did not show any significant under-expression 

in the resistant women when compared with the low exposure non-commercial sex 

workers (control) in both PIK3CG and PKM2 genes (shown below).
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(i) (ii)

DPP4 EXPRESSION DPP4 EXPRESSION

Figure 23 shows microarray (i) and qRT-PCR (ii) expression of DPP4.

DPP4 showed considerable up-regulation in the microarray assay (p=0.0082) whereas it 

showed a low level of down regulation (p=0.4251) in the q RT-PCR.

/
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CHAPTER 4

DISCUSSION

Host genetic factors have a major impact on the pathology of infectious diseases in 

humans. These genetic differences between populations studied could be a determinant of 

the variability in the results obtained (Mcllroy, et al, 2006).

Differential susceptibility to infection and disease progression is observed with almost all 

infections although often the reasons for the heterogeneity are unknown (MacDonald, et 

al, 2000). In the case of HIV, it has been recognized that not all exposed individuals 

develop infection and that the course of infection is extremely variable. Among many 

factors responsible are viral characteristics, infectious co-factors, individual behaviors, 

and in the case of this study, host genetics (Royce, et al, 1997). Evidence is increasing for 

multiple mechanisms of resistance and susceptibility.

Prior to this study, microarray technology was used as a screening tool. These microarray 

results needed to be validated by real time PCR. A real time LightCycler assay was used

as the validation procedure as it can quantify relative change in expression of a large
/

number of genes with limited RNA rapidly and precisely (Mangalathu, et al, 2001).

Genes with less than four-fold difference in expression can be validated by the 

LightCycler. In fact, the largest groups of differentially expressed genes in many studies 

using DNA arrays are those with two-to four fold differences in expression (Mangalathu, 

et al, 2001).

In this study, the gene expression differences between the study groups: HIV-1 Resistant 

CSW, Uninfected HIV-1 susceptible CSW (New Negatives) and HIV-1 infected CSW 

(HIV-1 positives) respectively and the control group of low susceptible-non-CSW HIV-1
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negative antenatal clinic attendees (MCH) were studied. The genes studied were key 

genes of the glycolytic/pentose phosphate/insulin signaling pathways. The novel selection 

of these genes was due to their differential expression in the preliminary microarray 

experiment. In addition, the novelty of these findings, as discussed, these genes have not 

been previously associated with HIV.

The results show that there was differential expression of genes after quantification by 

real time PCR. mRNA expression of Glucose-6-Phosphate Dehydrogenase (G6PD) and 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) had significantly lower 

expressions in HIV-1 resistant commercial sex workers as compared with the expression 

levels HIV-1 susceptible and HIV-1 positive commercial sex workers. This can be seen 

clearly in figures 7 and 8.

G6PD enzyme catalyses the first and critical step in the pentose phosphate pathway 

during glucose metabolism. It is also the rate-limiting enzyme of this pathway (Beutler, 

1994). Its over-expression provokes dysregulation of lipid metabolism and adipocytokine

expression, causing insulin resistance and oxidative stress (Park, et al, 2005; Park, et al,
/

2006). However, as shown by this study, G6PD was significantly under-expressed or 

down-regulated in HIV-1 resistant women. (Tables 2 and 3, Figure 7) This down- 

regulation suggests decreased concentration of G6PD enzyme, which has been shown to 

have a protective role against infection with P. falciparum malaria. In fact, G6PD is one 

of the best examples of genes that have a role in resistance to infectious diseases whose 

lack/deficiency causes resistance to malaria (Tishkoff, et al, 2001; Saunders, et al, 2002). 

Both malaria and HIV are concentrated to an extent in the same geographical regions, 

Sub-Saharan Africa (Storey, 1998; W.H.O., 2000). Although the significance of this
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observation is not yet known, it could partially account for resistance to HIV-1 infection 

and thus the down-regulation of this gene in the context of resistance/susceptibility to 

HIV-1 infection is worth further investigation. However, studies have shown that 

oxidative stress increases susceptibility of G6PD-deficient cells to viral infection as 

demonstrated also suggests that antioxidant treatment may protect G6PD deficient 

subjects from viral infection (Wu, et al, 2008).

GAPDH gene also showed similar significant down-regulation in HIV-1 resistant CSWs, 

as compared to its levels in HIV-1 infected and uninfected HIV-1 susceptible CSWs, 

which were up-regulated although not significantly. (Tables 2 and 3; Figure 8) GAPDH is 

a multifunctional protein and plays many and diverse roles (Sirover, 2005; Zhou, et al, 

2008). GAPDH has recently been shown to have the capacity to regulate gene expression 

at the level of mRNA stability. (Zhou, et al, 2008) This might suggest that the low 

expression of GAPDH in HIV-1 resistant CSWs may subsequently affect the expression 

of other genes involved in the cellular pathways under study. The level of activity of the 

enzyme in the resistant women should be examined.
/

The preliminary analysis by cDNA microarrays identified the 9 genes as differentially 

expressed functioning in the glycolytic pathway (Songok E.M, in press). These genes 

have been reported to function as a variety of cellular and non cellular processes. These 

genes were presumed to play a role in host cell defense mechanisms as they were down- 

regulated significantly in HIV-1 resistant CSWs as compared to non-CSW antenatal 

clinic attendees (MCH). In general, the direction of the differential gene expression 

obtained by cDNA analysis and the qRT-PCR was similar for 5 of the genes studied. The 

decrease in G6PD and GAPDH expression demonstrated by the RT-PCR assay was
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consistent with that observed in the microarray experiment for both genes as shown in 

Table 5 and Figures 16 and 17.

An interesting observation of this study was that although the other genes studied showed 

no significant down-regulation, the genes were still expressed at lower levels in the HIV- 

1 resistant CSWs than in the Uninfected HIV-1 susceptible and HIV-1 infected subjects. 

The genes CDKN2B, PIK3CG and PKM2 were also down-regulated but not to a 

statistically significant extent in both arrays. They showed the same trend although not 

as significant as GAPDH and G6PD. Probably, a larger sample size would show 

significance.

For genes shown as differentially expressed by microarray assay, the levels of gene 

expression could be quite different in Rt-PCR. Although the genes IRS 1, GIPR and 

PGM1, were shown to be significantly down-regulated in microarray data, qRT-PCR 

showed that this down-regulation was not significant. These transcripts thus showed 

smaller changes by RT-PCR. This difference may be due to limitations inherent in the

study of a large number of genes by microarray technology hence the need for validation
/

by RT-PCR (Der, et al, 1998). Interestingly, IRS1 was not significantly down-regulated 

as opposed to PIK3CG which IRS1 plays a role in its activation (Taniguchi, et al, 2005). 

It may be of interest to examine the expression of other genes which take part in PIK3CG 

activation and maintenance of its full signal. Moreover, a reduction of IRS 1 expression 

results in a significant increase in the mRNA abundance of essential gluconeogenic 

enzymes and may also be worth further investigation.

/
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DPP IV expression showed significant over-expression in the microarray assay (Table 5, 

Figure 24) as opposed to the insignificant down-regulation shown by qRT-PCR. The 

reasons behind this difference are still unclear and this warrants further investigation. 

Hence, these genes, especially GAPDH and G6PD. have been revealed as candidates that 

might help explain the resistance to HIV-1 infection phenomenon and are key areas of 

future research.

/
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS 

5.1. CONCLUSION

In conclusion, the results of this study show that the gene expression patterns of HIV-1 

resistant commercial sex workers were most clearly distinct from those obtained from 

uninfected HIV-1 susceptible and HIV-1 infected commercial sex workers in terms of 2 

genes, Glucose-6-phosphate dehydrogenase and Glyceraldehyde-3-phosphate 

deydrogenase (G6PD and GAPDH). These two genes were found to be significantly 

down-regulated in the HIV-1 resistant women in comparison to the uninfected HIV-1 

susceptible and HIV-1 infected women, all relatively compared with non commercial sex 

workers MCH clinic attendees considered to be at low risk of contracting HIV-1. This 

validation was made possible by qRT-PCR.

Moreover, these showed that the under-expression of these glycolytic enzymes in the 

resistant women suggest that these enzymes play a previously unknown, essential role in 

the resistance to HIV-1 infection. Further studies are warranted.

The study also showed that the rest of the genes GIPR, IRS1, CDK2NB, PGM1,

PIK3CG, PKM2 and DPP4 did not show any significant expression changes, although 

they were also under-expressed lowly, though not enough to show significant down- 

regulation. Perhaps the quantification of RNA from more study subjects would give more 

information.

In addition, the study continued to emphasize on the need of qRT-PCR to validate 

differential expression and biological confirmation of genes seen in cDNA microarray 

assays, especially of genes with less than four-fold difference in expression.
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5.2. RECOMMENDATIONS

In the Pumwani commercial sex worker cohort, new ground was covered by this study 

when expression of a few genes of the glycolysis/insulin signaling/pentose phosphate 

pathways was validated by quantitative real time PCR. However, due to time this study 

was not able to cover the validation of all the genes of these pathways identified as 

differentially expressed in HIV-1 resistant women. Further studies of genetic factors 

involved in resistance to HIV-1 infection may help to elucidate other protective 

mechanisms to this phenomenon and decipher why it occurs in only a few exposed 

individuals.

Therefore I would recommend further investigation into the following areas:

A. Further investigation on the enzymatic activity in the down-regulated G6PD gene 

in order to assess if there is G6PD deficiency, and in turn, the effects of this 

deficiency in HIV-1 resistant women. This should be done hand in hand with the 

degree of normal enzyme activity checked.

B. Further investigation of the function of the multifunctional GAPDH gene to 

assess the role that this gene plays in HIV-1 resistance, and also to investigate the 

effects that the down-regulation may cause in HIV-1 resistant women.

C. Although the other genes studied showed no significant down-regulation, the 

genes were still expressed at lower levels in the HIV-1 resistant CSWs than in the 

Uninfected HIV-1 susceptible and HIV-1 infected subjects. Therefore, it is 

recommended that validation of these genes using sample numbers greater than 

14 used in this study that may further consolidate this trend. »
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D. Further studies need to be done for G6PD and GAPDH to find their association 

with the HIV-1 susceptibility/resistance phenomenon, and the consistency and 

strength of this association identified.

/
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A P P E N D I X  A :  C O N S E N T  F O R M

Comprehensive Studies of Mechanisms of HIV Resistance in Nairobi,
Kenya

Maiengo Research Clinic

Resurvey: Patient Information and Consent Form

This information will be communicated orally in English, Swahili or other Kenyan 
dialect o f  potential participant’s preference.

Investigators:
Dr. Charles Wachihi, University of Nairobi, tel. 714851, PO Box 19676, Nairobi, Kenya
Dr. Joshua Kimani, University of Nairobi, tel. 714851, PO Box 19676, Nairobi, Kenya
Dr. Jessie Kwatampora University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya
Dr. Samson Barasa University of Nairobi, tel. 714851, PO Box 19676, Nairobi, Kenya
Dr. Walter Jaoko, University of Nairobi, tel. 714851, PO Box 19676, Nairobi, Kenya
Dr. T. Blake Ball University of Manitoba, 730 William Ave. Winnipeg, MB, Canada 
1 -(204) 789-3202
Dr. Francis Plummer University of Manitoba, 730 William Ave. Winnipeg, MB, Canada
1 -(204) 789-2000 
Dr. Joanne Embree,
1 -(204) 789-3630 
Dr. Keith R. Fowke, 
1-(204) 789-3818 
Dr. Rupert Kaul, 
(204)416-978-8607 
Dr Richard Lester 
Nairobi, Kenya.
Dr Solomon Mpoke

University of Manitoba, 730 William Ave. Winnipeg, MB, Canada 

University of Manitoba, 730 William Ave. Winnipeg, MB, Canada 

University of Toronto, 1 King's College Toronto, ON, Canada 1- 

University of Nairobi/ University of Manitoba. PO Box 19676, 

Kemri (1TROMID) P.O.Box 54840-00200, Nairobi-Kenya. (020)-
2711255
Background information
The University of Nairobi and its collaborators from Canada have been working for many 
years to fight the epidemics of AIDS and other sexually transmitted infections that we are 
facing in Kenya. This basic science research program is conducting studies to determine 
the relationship between immunity and susceptibility to sexually transmitted infections 
(STI) with the goal of developing vaccines or treatments for STIs. You are being asked 
to participate in this study because you are:

a) at a very high risk of acquiring an STI or are already infected with an STI or

b) at a low risk of acquiring an STI; or f
) I

c) the relative of a person in group a) or b).
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The purpose of this research program is to determine if there are factors that could protect 
individuals from acquiring sexually transmitted infections (STI) especially HIV. It is 
important to keep free of other sexually transmitted diseases, as the presence of these 
infections may increase your risk of becoming infected with HIV. If you have an STI, 
you should seek treatment for it as quickly as possible. However, sometimes you may 
have an STD and not know it, because you may not have any symptoms and thus advised 
to visit the clinic monthly for free check ups.

Why Is This Study Being Done?
This study is being done to find out why some people are more or less likely to get the 
Human Immunodeficiency Virus (HIV), the virus that causes AIDS. There is more and 
more evidence that the immune system in some people is able to protect them against 
infection with HIV. Since most people get HIV through sexual exposure to an HIV 
infected partner, the first contact with the virus occur in the genital tract, the vagina and 
cervix in women. We know from some of our previous work that some women, who 
seem to be protected against HIV, have a special type of immune
response that it not present in women who get HIV. The purpose of this study is to try to 

find out the targets of this immune response in the vagina, uterus and cervix and to try to 
find out what is special about the immune system of these few individuals. This work 
may be helpful in eventually making a vaccine for HIV.

To help you understand what is involved in the study a drawing of the vagina, cervix and 
uterus of the female genital tract is shown below.

About 3000 participants mainly women will take part in this study.

What Is Involved in the Study?
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You have been invited to voluntarily participate in this study because all are at risk of 
becoming infected with STDs and HIV. Some sexual behavior especially among sex 
workers or those who use sex as an income generating activity exposes those involved or 
their partners to a higher risk of contracting HIV. If you agree to participate in the study, 
you will be given additional counseling, advised on appropriate STIs prevention 
strategies and requested to practice safer sex. You can also choose to leave sex work at 
any time but you will be asked to return to the clinic every month for free check ups. 
Again, the results of these tests will be ready after one week or less, and you will be 
informed of the results and given the correct treatment if you have an infection. You will 
also be encouraged to come to the clinic for examination and treatment at any other time 
that you feel ill. If you forget to return to the clinic for one of your scheduled visits, a 
clinic staff member will contact you by phone, SMS or send one of your friends to 
remind you of the missed appointment. All study participants will also be encouraged 
to either retest for HIV or recheck their CD4/CD8 profiles depending on HIV 
infection status every three months. In addition, we will store specimens from your 
blood for future studies of the genes involved in resistance and susceptibility to HIV and 
other infections.

Clinic visits
First visit and semi-annual visits (All study participants)
We will ask you general questions about your life, about problems you are having, and 
about your sexual history.
The doctor will examine your body, including your female parts.
Swab and washing from your vagina to look for germs and to collect samples for 
studying your immune response.
Swab from your cervix to look from germs and to collect samples for studying your 
immune response.
A thin plastic tube will be placed in your cervix (opening to your womb) to get some of 
the mucous your cervix makes.
Urine to look for germs.
Three tablespoons of blood will be taken for testing syphilis, and HIV and for studying 
your immune response. We will inform you of your results at your one month visit. We 
also will test your spouse for Othe HIV virus free of charge if he/she wishes.

Monthly visits
Questions will be asked about you, and what problems you are having.
If you have any complaints the doctor will examine your body, including your female 
parts.
Every third month all study participants will be encouraged to either retest for HIV or 
recheck their CD4/CD8 profiles depending on individuals HIV infection status.

Follow-up visits (All study participants) f
You will be asked to return 3 to 7 days after every visit to be given you laboratory results.
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You will be treated for new infections, free of charge.

How Long Will I Be in the Study?
The study will last 5 years. Although we would appreciate if you stayed in the study for 
the entire period you may choose to leave the study at any time without any penalty to 
you.

What Are the Risks of the Study?

Risk of blood and cervical collection

This study requires the use of your blood. In order to get the blood we will need to insert 
a needle into a vein in your arm so that the blood can be removed. There will be some 
pain associated with the needle stick but this will be only for a short period of time. 
There may be some bruising around the needle site and, although we will sterilize the site 
to minimize infection, there is a very minimal risk of infection at the site. There is also 
some discomfort associated with taking specimens from your cervix.

HIV test
Non-physical risks:
If you are HIV positive, learning so may cause you to become depressed. We will 
counsel you about your HIV test results if you are negative or positive. If you are HIV 
positive, we have antiretrovirals in the clinic to manage your condition. We will also test 
one boyfriend for HIV virus if he wants.

Risks of taking antibiotics / Antiretrovirals
If we find that you have an STD or AIDS we will provide you with the appropriate 
treatment. With any drug there is some potential for side effects. For the antibiotics/ 
antiretrovirals you might receive, the following side effects are possible.

Very likely:
Sick to your stomach 
Headache
Metallic taste in mouth 
Diarrhea
If a woman - infection of your vagina by yeast (a white discharge with itching). If 
this happens, we will give you medicine to put inside your vagina to treat the yeast 
infection.
Less likely but serious:
Less than 1 person in 100 will have a severe allergic reaction to one of the antibiotics/ 
antiretrovirals.

t
Are There Benefits to Taking Part in the Study? . '
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The benefits that you will get from this study are that you will be examined regularly, and 
if you are found to have an STD or AIDS, you will receive appropriate and effective 
medication. Medical care will also be provided for other illnesses that you might have. 
You will also be informed about what you are suffering from, and you will be informed 
about the future implications of these STDs and of HIV.

What about Confidentiality?

Efforts will be made to keep your personal information confidential. We will record your 
information only by a special number assigned to you. The number will only be known 
to the clinic staff and yourself.

Organizations that may inspect and/or copy your research records for quality assurance 
and data analysis include groups such as: the researchers, members of the local and 
international ethics teams and the National Institutes of Health in the United States of 
America. The research results will be published, but your identity will remain secret.

What Are My Rights as a Participant?

Taking part in this study is voluntary. You may choose not to take part or may leave the 
study at any time. Leaving the study will not result in any penalty or loss of benefits to 
which you are entitled. If the participation in the study results in you becoming ill, the 
study team will provide you with medical care for the problem for free.

Although you will not be paid to participate in the study, you will be offered a small 
payment of two hundred shillings (KSh 200) for the resurvey visits only to 
compensate you for your transportation to the clinic.

We will also provide you with any new information and findings from the study that may 
affect your health, welfare, or willingness to stay in this study.

All information that is obtained will be kept strictly confidential, and your identity will 
not be known, except to those providing your medical care.

At the end of every year, we will be holding baraza’s at the different clinics to give 
progress reports and share any new findings from the study with all members of the 
different clinics.

W hom  Do I C all  if I Have  Q uestions or  Pro blem s?

For questions about the study or a research-related injury, call or contact Dr. Wachihi any 
one of the researchers named above at the Medical Microbiology Annex at the University 
of Nairobi

For questions about your rights as a research participant, contact Professor Bhatt, who is 
the chairperson of the Ethical Review Committee at the University of Nairobi, by calling 
725452, or make an appointment to see her in the Department of fyledicine, at the 
University of Nairobi.
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S t a t e m e n t  o f  C o n s e n t :

I have read the attached written information and / or received verbal information on the 
above study. I have been given the opportunity and time to have any questions about the 
research answered to my satisfaction. I consent to take part in the study and I am aware 
that my participation is entirely voluntary. I understand that I may withdraw at any time 
without giving a reason and without this affecting my future care.

By signing this information and consent form I agree that my personal data, may be used 
as described in this consent form and may be consulted by qualified representatives from 
sponsor the Ethics Committee or the health authorities.

I understand that the following (check the box only if you fully understand and agree 
with each statement):

goals of this research program are to study 
smitted infections

resistance and susceptibility to sexually

^J>lment is completely voluntary and I can withdraw from the study at any time

^J)d, cervical and vaginal specimens will be required for this study and may be used for 
genetic studies

blood specimens previously collected may be used for this study

a portion of my blood, cervical and vaginal specimens will be stored for future 
studies of the genes involved in resistance and susceptibility to HIV and other 
infections.

I am willing to participate in the study.

Name of Study Participant______________________________________________

Signature/Thumb print: __________________________________ Date:

For clinic staff:

I, ________________________________ , have explained the nature and purpose of the

above study to _____

Name of Clinic Staff:
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Signature: Date:

Assigned Study Number / Clinic Number_____________

Standards of Medical Care for Participants in the Research Clinics

This document outlines the standard of medical care for all participants in the Majengo, MCH 
Pumwani, Kindred, Kibera and Korogocho cohorts, regardless of HIV-1 serostatus. It should be 
emphasized that any member of the said cohorts may freely decline to take part in any cohort 
substudy, and that this decision will in no way affect their access to this standard of care. All care 
outlined is provided free of charge, thereby significantly improving health care access and 
outcomes for all members of the cohorts... The nature of the medical care will vary depending on 
HIV-1 serostatus of the participants, as outlined below.

1. General medical care for all participants, regardless of HIV-1 status.

HIV and STD prevention services: provision of the male condom, and peer-based and clinic- 
based counseling regarding safer sexual practices.
Family planning services as directed in the Kenyan National Family Planning Guidelines

Rapid and effective treatment of sexually transmitted diseases in accordance with the Kenya

National Guidelines for the Syndromic Management o f  Sexually Transmitted Diseases

Medical care for acute and chronic illnesses, both infectious and non-infectious
Access to diagnostic testing in haematology, biochemistry, infectious diseases, immunology,
radiology
Prompt referral for specialist consultation and hospitalization when indicated
2. Management of Opportunistic Infections in HIV-1 Infected Participants.

Primary Prophylaxis: Trimethoprim-Sulphamethoxazole (Septrin): all participants with a 
CD4+ T cell count <200/mm3 or on Anti-TB must use Septrin for prevention of PCP, 
toxoplasmosis and bacterial infections (bacterial pneumonia, bacteremias, some bacterial 
diarrhoea), according to National AIDS/STD Control Program (NASCOP) Guidelines.

However, all HIV infected individuals with CD4+ <350 should be encouraged to
'  \

use Septrin according to the latest WHO guidelines (2006)
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Secondary Prophylaxis: Sentrin: offered to all participants regardless of CD4+ T cell count 
after an episode of PCP, toxoplasmosis, or severe bacterial infection. Fluconazole: provided 
for secondary prevention of Cryptococcus 

Treatment

Herpes. simplex/Herpes zoster infection: acyclovir
Candidiasis (oral, esophageal, vaginal): nystatin, clotrimazole, Fluconazole 
Tuberculosis (pulmonary or extra pulmonary): referral to National TB Programme 
Toxoplasmosis: referral for inpatient therapy 
Cryptococcus: referral for inpatient therapy 
PCP: Septrin (with prednisolone, if severe)
Kaposi’s Sarcoma: ARV and referral to Clinical Oncologist

3. Antiretroviral therapy.

Antiretroviral therapy rollout in Kenya is supported and directed by NASCOP and The 
Ministry of Health. Kenya is a recipient of ARVs and infrastructure support through the 
Presidents Emergency Plan for AIDS Relief (PEPFAR) a US government international 
development initiative.

ARV drugs and infrastructure support has been secured by the University of Manitoba from 
NASCOP/PEPFAR and CDC PEPFAR to provide HIV basic and ARV care for all cohorts 
members who are eligible as per the "Guidelines for Antiretroviral Drug Therapy in Kenya ’’
(NASCOP-2005 edition). Such medical treatment and its requisite follow-up, integrated with the

/

above standard of care, will also be provided at no cost.
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A P P E N D I X  B : D A T A  S U M M A R Y

Relative expressions of genes (normalized values) for each subject.

SAMPLE
NO.

G6PD
H

GAPD
H

IRS-
1

PGM-
1

PGM-
1*

PIK3C
G

CDNK2
B

PKM
2

DPP
4

GIP
R

ML 1394 0.4 0.04
0.14

2 0.156 0.21 0.541 1.728
0.04

7
0.13

6
0.49

6

ML 1437 0.35 0.085 0.84 0.708 5.528 21.21 76.23
0.99

1
4.19

4
72.6

4

ML 1482 0.18 1.143 1.72 93.61 5.572 6.947 13.61 0.71
1.85

1
14.5

9

ML 1515 0.45 0.31 0.46 13.93 2.241 1.754 6.75
1.27

4
0.44

8
1.16

5

ML 1573 0.2 0.303 1.58
53.44

8 2.509 16.121 32.64
13.6

8
4.15

9
8.50

8

ML 1589 0.03 0.013
0.04

3 0.414 0.712 2.015 4.67
1.49

6 0.72
0.91

5

ML 1635 0.75 0.188
0.01

3 0.679 0.534 0.331 5.52
0.07

7
0.57

5 1.37

ML 1668 0.032 0.0004
0.04

1 0.244 0.798 0.422 4.283
0.18

8 0.39
2.28

4
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