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Abstract

There is a single nucleotide polyrnorphisrn (868T) in the gene encoding the primary HIV-

I receptor, CD4, which encodes an amino acid substitution of tryptophan for arginine in

the third domain. The purpose of this study was to determine the effect of this

polymorphism on HIV prevalence, incidence, and rate of disease progression in a cohort

of highly exposed women. CD4 genotyping was performed on 364 women fiom an open

cohort of female commercial sex workers from Nairobi, Kenya (ML cohort), 284 v/orìen

fiom an antenatal clinic in Nairobi (MCH cohort) and on 257 of their children.

Participants in the ML cohort included 144 initially HIV-1 uninfected individuals (57 of

whom seroconverted during follow-up) and 220 who were HIV-1 infected at the tirne of

enrollment. The MCH cohort participants included 76 HIV-l uninfected individuals,3l

seroconverters and 177 HMnfected women. MCH children included 167 HIV-I

uninfected children, 19 seroconverting children (late transmission due to breast feeding)

and 7l children infected with HIV-l at the tirne of birth. Bi-directional DNA sequencing

was performed to determine their CD4 genotype. The CD4 868T polymorphism was

found to be similarly prevalent in HIV-l infected and HIV-l uninfected groups. Kaplan

Meier survival analyses showed that 868T heterozygosity was associated with incidence

of HIV infection i.e. faster time to seroconversion (Log-rank p : 0.0046, Wilcoxon p :

0.0088) in the ML cohort. When the pollrnorphisrn frequency was analyzed with

respect to disease progression, seroconversion, and CD4 T-cell dynamics, ML 8687

heterozygotes were shown to be 2.936 tirnes more likely to be rapid progressors (p :

0.0197, CI95 1.181-7.262) and Kaplan Meier analysis showed a trend towards a Írore

rapid cD4+ T-cell decline among ML participants (log-rank p 0. 0.0910).



Homozygosity for the polynorphism was associated with more rapid disease progression

in Kaplan Meier analyses of MCH CD4+ T-cell decline to both less than 400 cells per

cubic mrn (p : 0.04) and less than 200 cells per cubic mm (p : 0.0295). Mothers

heterozygous and homozygous for the CD4 868T polymorphisrn showed an increased

rate of breastmilk transmission of HIV-I to their children as compared to wild type

mothers (868c/868T p : 0.0316 o.R. 4.522 cI95 I .142-17.902,868T/868T p : 0.0021

O.R. 19.5 CI95 2.947-129.026). In addition, children were shown to have a higher gene

frequency of CD4 868T than adults (p : 0.003). In these populations, the presence of the

CD4 868T allele is not associated with HIV prevalence but is associated with HIV

incidence, and once infected more rapid disease progression. It is also associated with an

increased rate of mother to child transmission of HIV-1 by breastfeeding.
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1. Overview

The AIDS pandemic is arguably the worst crisis the global community has had to face in

the last three decades. With between 34 and 46 million people currently living with HIV

infection (l), it is more than a health crisis but also a social and political one as well.

Entire generations have been orphaned in the developing world and the disease has single

handedly reversed development in some countries by devastating the youth and skilled

labour and greatly reducing the average life expectancy. The progress of the pandemic

does not seem to be abated yet with 5 million new infections in 2003 and 3 million

deaths, 500 000 ofthem children under the age of l5 (l).

Though treatments are avallable in the industrialized world, they are not widely

accessible in the developing world nor are they the sole answer to slowing the pandemic.

Only effective prevention strategies including a prophylactic vaccine can actually be

useful tools to end the current crisis. Until such time as an effective vaccine can be

instituted, efforts must be continued to better understand the virus and its pathogenesis in

order to provide information for treatment and vaccine design.

2. Discovery of HIV as the causative agent of AIDS

2.1 discoven, qf AIDS

A group of five otherwise healthy men were diagnosed with Pneumocystis carinii in l98l

and reported to the Centers for Disease Control in Atlanta, USA (2). By 1982, several

other cases were reported as well as other conditions that are normally associated with
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severe immunodeficiency (3). This condition was termed acute immune deficiency

syndrome or AIDS and was notably afflicting gay men, intravenous drug users and

individuals who had received frequent blood transfusions, such as hemophiliacs. AIDS

was later noted in other groups as well and the evidence from these incidents indicated a

possible infectious causative agent (4, 5).

2.2 discovery of HIV

The possible causative agent was first isolated in 1983. A human retrovirus sirnilar to

human T-cell leukemia virus (HTLV) was isolated from the lynph node of a rran

suffering from AIDS (6). The same year, Gallo et al isolated a similar virus from another

AIDS patient (7). The various groups studied their isolates and soon discovered that they

were not in fact HTLV but were very similar and so named the new virus HTLV III,

LAV and ARV depending on the research group involved.

The virus was recognized as novel and named Human Immunodeficiency Virus (HIV)

and classified as a lentivirus (8). In 1986, a second separate subtype was identified in

Western Africa (9) which is transmitted in much the same way as the initial isolates but

had a longer disease progression. This subtype was narned HIV-2 with the original

etiological agent of the North American and European AIDS being named HIV-1.

HIV-1 has a large capacity formutation. Since

emerged and forced a classification system to

discovery, many different strains have

implemented. There are three larger

its

be
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groups named M þnajor), N (non-M, non-O) and O (outliers). M is by far the largest and

most common group and is subdivided into clades. Clades A and C are rnore closely

related to each other than to the others and clades B and D are more closely related to

each other than they are to A and C. There is some disagreement as to the other named

clades and whether or not they are true clades or they are recombinants of the four larger

clades due to coinfection of a patient. Both HIV-1 and HIV-2 are thought to have been

transrnitted to humans from monkeys and apes that harbour simian immunodeficiency

viruses (SIV). The closest related SIV to HIV is that found in chirnpanzees and this virus

is a descendant of the red-capped mangabey SIV and that of the greater spot-nosed

monkey. The SIVcpz of Pan n"oglodytes troglodytes is thought to have given rise to the

M group viruses while SIV cpz of Pan troglodytes schweinfur"theii is associated with the

N group HIV-I viruses. HIV-2 is closely related to SIV of sooty mangabeys. Since

various SIVs are associated with varying goups of HIV, it is believed that rnultiple

zoonotic jumps were required to produce the HIV variety seen today ( I 0).

2.3 HIV transmission

HIV-I is transmitted through bodily fluids and is not an airborne or aerosol-acquired

virus. Horizontal transmission is accomplished through sexual contact (both heterosexual

and homosexual) and through the exchange of blood, blood products and other fluids

encompassing both medical procedures and intravenous drug use for example (l l).

Mother to child transmission is also another significant route of transmission. Infants can

acquire the virus from their mothers at various points during pregnancy (in tttero), during
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delivery or through breastfeeding (12). In the developed world with the advenr of

antiretroviral therapy (ART) administration during delivery and adequate alternatives to

breastfeeding, mother to child transmission has virtually been eliminated. It is still a very

significant route of transmission in the developing world, however, where ARTs are not

always available and where there are no viable options to breastfeeding. Under these

conditions, HIV infected pregnant women will infect their infants in25%o of the cases i¡z

Lúero oÍ at delivery and breastfeeding their children for 2 years will increase their chances

of transmitting the virus to 45% (13-15).

3. HIV virology

3.1 slrucÍure and Íaxonotn)¡

HIV is a member of the lentívirinae (lenti - slow) which are part of the family

Retroviridae (named for their DNA intermediate stage). It is an enveloped, helical virus

with a diploid positive sense RNA genome of approximately 9 kb. The virion is

relatively small, about 110-120 nm in diameter. The envelope is composed of host cell

plasrna membrane which, unlike many viruses, still contains many host cell surface

proteins.

The HIV genome is composed of three genetic regions (Figure l): firstly gag or group

specific antigen which comprises the capsid proteins, p24, p7, p9 and the matrix protein,

p17. The second , pol encodes the polymerase gene reverse transcriptase, the integrase

gene and the protease gene. The third region, env encodes the envelope proteins gpl60
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which associate as trimers on the surface of the virion once they are cleaved to form the

gpl20 (attachment) and gp41 (fusion) portions of the spike. Several accessory and

regulatory proteins are also encoded by the genome namely rev, nef, vif, vpr, vpu, vpx

and tat. The genome is also flanked by two terminal repeats and unique non-repeated

regions internal to the terminal repeats named U5 at the 5' end and U3 at the 3' end (16).

3.2 HIV-l vit"al life c.vcle

HIV has a very narrow host range and a very specific cell tropism in that host. The virus

attaches to its primary cellular receptor, the cell surface protein CD4 (17) through its

gpl20 envelope spike in order to mediate entry. A second coreceptor (CCR5 or CXCR4

or some other minor cell surface receptors) interaction is also required which creates a

conformational change in gp 120 revealing gp 4l,the fusìon protein which permits the

virion to fuse with the plasma membrane and allows entry.

CD4 is found primarily on CD4+ T-helper lymphocytes but is also found on

macrophages and dendritic cells (18). CCR5 coreceptors are primarily found on

macrophages. Viruses that use this coreceptor are termed R5 viruses. CXCR4 is

primarily found on T-lymphocytes and viruses that use this coreceptor are termed X4

viruses. Once the virus enters the cell, uncoating occurs and the genome is exposed. The

key identifying feature of retroviruses is their peculiar way of generating their viral

mRNA's. Unlike most positive sense RNA genome viruses that use their genomes

directly as message, retroviruses engage in an additional step using reverse transcriptase

15
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to generate a cDNA copy of their genomes. The generation of the cDNA is done using a

lysine tRNA as a primer (19). This DNA copy (called provirus) is then imporred into the

nucleus, possibly by Vif and Vpr, where it is integrated into the host genorne by

Integrase. This integrated copy is then convefted to nRNA using host machinery. The

first mRNA's produced are those for Tat, Rev and Nef, all regulatory protein products

fiorn short rnultiply spliced mRNA. The viral proteins are then made by host translational

machinery in the cytoplasm. Tat binds the 5' end of the provirus and increases

transcription. Rev binds RNA structures in the env region to allow the nuclear export of

incompletely spliced rnRNA. Nef has rnultiple functions not the least of which is

downregulation of MHC molecules and the CD4 rnolecule on the infected cell's surface.

Vif associates with the cytoskeleton to increase the infectious potential and Vpr

associates with the matrix protein to provide a nuclear localization signal. Once gp 160 is

produced, it migrates to the cell membrane and is cleaved into gpl20, gp 41, vpr, vpu

and Vif during virion maturation (20).

The capsid proteins associate with progeny genome made in the nucleus and associate

with matrix protein that associates with the gpl60 embedded in the cellularmembrane.

The virion is then ready for budding (20).

4. HIV-I Replication and AIDS

4.1 The human immune system
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The immune system is composed of two branches. The innate immune system is the first

line of defense and is not antigen specific but involves cells and chemical signals that

produce inflammation. The second branch tenned the acquired immune system is

antigen specific so must be "trained" to recognize and produce the fuIl effective response

to an invader. The acquired immune system has two anns called humoral immunity and

cell¡nediated irnmunity. The effector cell of humoral immunity is the B-lyrnphocyte that

produces immunoglobulins (antibodies) that recognize and bind antigens. These

antibodies can prevent infectious agents frorn infecting or binding their targets in the

body. They can also recruit cells of the innate immune system called natural killer cells

through antibody-dependent cell-mediated cytotoxicity (21). The cells of cell-mediated

immunity are CD8+ cytotoxic T-l5zmphocfles. These cells recognjze and kill cells

infected with viruses or are otherwise displaying non-self characteristics like cancerous

cells. CD4+ T-lymphocytes are cells that control both arms of acquired immunity and

can modulate the innate immune system as well as receive information from the innate

system. CD4+ T-cells recognize foreign proteins bound to host MHC II molecules.

These cells then produce cytokines that help B-cells produce antibodies or recruit and

activate other effector cells. V/ithout them, the immune system is incapable of proper

tunction (21).

4.2 Clinical presentation of HIV-l disease

Both the Centers for Disease Control and

United States have a classification system

the V/alter Reed Anny Medical Center in the

which outlines the course of HIV infection and
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the development of AIDS. The Walter Reed system has 6 stages while the CDC has 3

clinical categories which are then subdivided into 3 CD4+ T-cell count (cells per cubic

mm of blood) categories.

The Walter Reed system begins at stage 0 which is the point at which infection first

occurs. Since this is generally the first encounter with the virus, the immune system goes

through a primary response and allows a very large viral replication burst to occur. The

highest viral titres occur during this primary acute stage and it is at this time that an

infected individual is most likely to transmit the virus. This stage last approximately six

weeks until a full immune recognition occurs and lowers the viral titre. Flu-like

symptorns may occur during this stage.

Stage I begins when the body starts to fight back. Antibodies (humoral response) and

cell-mediated immunity begin to be raised against the invading pathogen. Specifically,

the antibodies made are to prevent viral attactunent to the host cell receptor and CD8+ T-

cells, and the mediators of cell-mediated immunity begin to recognize and kill infected

CD4+ cells. Stage 2 then begins when the infected cells begin to gather in the lymph

nodes and a large daily CD4+ T-lymphocyte turnover begins. This stage lasts 3-5 years.

During this time, CD4+ T-cell counts remain normal though they do slightly decline.

Stages 3 and 4 are linked. During this time the CD4+ T-cell decline goes from 700

cells/cubic mm to 400 cells/cubic mm. This stage lasts about 18 rnonths. Once a level of

500 cells/cubic mm is reached, aggressive chemotherapy such as highly active
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antiretroviral therapy (HAART) is begun in developed nations. Stage 4 begins when the

CD4+ T-cell count remains steadily under 400 cells/cubic mm.

Stage 5 is when the patient has CD4+ T-cell counts below 400 cells/cubic mm but remain

above 200. A patient is considered to be in stage 5 if they develop an opportunistic

infection as this is a definitive sign that HIV is winning the battle.

In stage 6, the CD4+ T-cell count remains below 200 cells/cubic mm and numerous

opportunistic infections manifest themselves including pneumonia caused by

Pneumocystis carinii and Kaposi's sarcoma, a Íare herpesvirus 8-mediated cancer.

Patients in stage 6 are considered to have AIDS and on average survive no more than 5

years (22). The CDC ranks stage 6 patients as category C 1993.

These stages do not apply to children. It has been reported that children born infected

with HIV develop clinical syrnptoms sooner (23) and have the same predictive factors for

progression and course of infection (without treatment) in developed and developing

nations (24). Disease progression is more rapid in girls than in boys and peak virernia

occurs within the first 6 months of life (24). Since children's CD4 T-cell counts are

variable during childhood, hard counts are not comrnonly used as measurements of health

in HIV infected children unless the age of the child is taken into the calculation. CD4+

T-cells as a percentage of total lymphocytes are repofied, with 45o/o being the normal

state and 20o/obeing considered AIDS stage illness (25).

20



When an individual becomes infected with HIV, the ilnmune system responds in a rnajor

cascade. In fact, the period of time between infection and the development of AIDS

which was once deemed a "latency" period has now been charactenzed as a period of

time when the immune system still has the upper hand. Up to l0i0 virions are produced

and cleared each day in an as¡rmptomatic HlV-infected person (26-28). The body

produces large quantities of cytotoxic T-lymphocfles and neutralizing antibodies

(imrnunoglobulins that can prevent viral infection) but due to the progressive loss of

CD4+ T-cells, these responses cannot be properly managed and become less effective

(2e-32).

4.3 Disease progression is variable

The system of disease stage classification is both generalized and based on observations

in the developed world. In the developing world, disease progression is more rapid (33)

and there have also been several reports of great variation in the length of time between

infection and the development of clinical AIDS (33-36). These findings have prompted

the description of several progression classifications and fueled research into individual

differences that could be responsible for this variation.

The f,rrst observed condition was that of long-term non-progression. Individuals infected

with the virus were shown to live longer (some have survived20 years) than what was

predicted with CD4 T-cell counts above 400 cells/cubic mm of blood (35,37). The other

end of the spectrum was also observed as well and termed rapid progression. These are
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patients whose CD4 T-cell counts drop dramatically to less than 200 cells/cubic mm

usually with 3-5 years of initial infection (33).

Several factors could be involved in why one patient will progïess differently from

another. Access to antiretroviral therapy, initial viral load set point, age at onset of

infection, geographic location and various genetic and immunological factors have been

postulated as being associated or at least possibly involved in the rate of progression of

infection (36).

5. Immunogenetics

A patient's genetics can affect the outcome of disease. Various genetic disorders have

been identified and recently certain genetic advantages or disadvantages have been

shown to affect the course of infectious disease. These changes are part of a genetic

variability that affects evolution and underscores the observation that no disease or

organism can boast a l00o/o infection rate.

Certain genetic changes can be associated with human disease states. For example,

asthma-related illness has been attributed to genetic alterations in afflicted individuals. A

particular single nucleotide pollmorphism (SNP) haplotype rnapped to the 133 kilobase

region containing the orphan G protein-coupled receptor GPRA (G-protein receptor for

asthma susceptibility) has been recently associated with both high levels of serum IgE

and with classical asthma symptoms (38).
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It has already been established that certain membrane receptor alleles can affect the

progression of infectious diseases. For example, the presence of at least one copy of a

particular MHC class II allele, HLA-DQBI*0503, has been associated with clinical cases

of Mycobacteriutn tuberculosis-caused tuberculosis. This SNP causing an amino acid

change seelned to be present more often in individuals who progressed to clinical

symptomatic tuberculosis than in the infected, asymptomatic individuals in this

Carnbodian cohort (39). This work suggested, much like our study, that the SNP didn't

affect the susceptibility to infection by the bacillus but that it did cause an altered disease

progression. Similar results have been shown in studies of NRAMPI polymorphisms and

the susceptibility and progression of My cobacterium leprae caused leprosy (40).

6. Genetic mechanisms affecting HIV susceptibilify and disease progression

Many previous studies have shown that genetic alterations in genes irnportant to the

immune system can affect susceptibility to HIV infection and HIV disease progression.

A 32 bp deletion in the gene for CCR5, an HIV coreceptor, abolishes the expression of

that gene. Individuals homozygous for this mutation have been shown to be resistant to

infection with R5 and dual tropic viruses (41-43). Heterozygotes express low levels of

CCR5 and have been shown to have delayed disease progression though demonstrated no

significant changes in susceptibility to infection (44-47). When examined for its role in

mother to child transmission, the deletion showed no effect on susceptìbility regardless of
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hornozygous vs. heterozygous state but did delay progression of illness in children with

the mutation (48,49).

Although CCR5 mutations are not lethal, CXCR4 mutations are rare because this

molecule is vital to cells which express it. Mutations have been noted in its ligand, SDF-

l. The SDFI-3'A mutation is a SNP in the 3'untranslated region of the transcript. This

change has been shown to lower susceptibility to infection in adults but showed no effect

in mother to child transmission (50). The only association noted was in one study which

showed that the SDF-l genotype of the mother affected whether or not her child became

HlV-infected (51). The manner in which this poll.rnorphism is proposed to affect

susceptibility is unknown although it is speculated that the mutation increases translation

of the mRNA causing an excess of the ligand that outcompetes HIV for CXCR4 (50).

An IL-4 promoter polymorphism was identified and associated with delayed disease

progression although very little work has been done to explain the relationship leading to

this observation (52).

An amino acìd substitution in CCR2, a minor HIV coreceptor, was identified and showed

to be located in one of the seven transmembrane domains of the receptor. Though a

functional explanation could not be found, it was associated with delayed disease

progression. It was later discovered to be in ahnost complete linkage disequilibrium with

a CCR5 promoter polymorphism which is associated with a decreased expression of

CCR5 which also delays disease progression (53,54).
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The only pol¡rmorphism in the literature to date which has been associated with

accelerated disease progression is located in the gene for CX3CRI. This is a veryminor

HIV coreceptor but its major ligand is fractalkine, a lymphocyte chemoattractant

molecule. It is believed that the structurally different CX3CRl molecule binds its ligand

less efficiently causing a general down-modulation of the immune system allowing HIV

Írore access to immune cells without immune system intem-rption (55-57).

7. CD4 Molecule

7. I CD4 protein -ftutction

Maddon et al [2] described CD4 as the primary HIV-t receptor in 1985. It was shown

that the molecule, generally found as a dimer, is a highly conserved, 55kDa single chain

class I glycoprotein expressed on 600/o of peripheral blood T-lymphocytes. CD4 has a

cytoplasrnic tail for signal transduction and 4 immunoglobulin-like extracellular domains

with the rnost distal named Dl and the most proximal named D4. Dl has been found to

contain the HIV-I envelope gpl20 protein-binding region. The critical amino acid

involved in that interaction is the phenylalanine at position 43 which binds inside the gp

120 binding pocket (58). The molecule is known to be expressed on many types of cells,

most importantly on macrophages and T-helper cells. Primarily, CD4 was shown to bind

the conserved regions of major histocompatibility complex class II (MHC II) as its

natural ligand, accounting for its lack of variability (59). This lack of variation has been

exploited by HIV-I and at least one member of the human herpesviruses (HHV-7) as a

suitable receptor target (60, 6l). The T-cell receptor (TCR) recognizes a specific antigen
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peptide which is presented by MHC II on antigen presenting cells (B-cells, macrophages,

etc.). CD4 enhances and stabilizes that interaction.

7.2 CD4 is a signaling molecule

When CD4 binds its natural ligand, a signal transduction pathway begins (Figure 2).

During T-cell activation, CD4 associates with the TCR/CD3 complex. CD4's

cytoplasmic dolnain is the vital element for signaling. The cytoplasmic tail is non-

covalently associated through two cysteine residues with Lck, an Src-related protein

tyrosine kinase of 56kDa. Activation of this protein is critical to intracellular CD4

signaling. Lck activation leads to the phosphorylation of the CD3 imrnunoreceptor

tyrosine-based activation rnotifs (lTAMs). The phosphorylation of ITAMs in the zeta

chain allows zeta associated protein 70 kDa (ZAP-70) to interact with CD3. Once this

happens, ZAP-70 becomes phosphorylated. ZAP-70 activation leads to the initiation of a

number of signal transduction pathways. An early event following Lck activation is the

activation of Ras proteins which are the 2lkDa gene products of rd.s oncogenes. These

are important for notmal cell division. If Ras is bound to guanine triphosphate (GTP), it

is in its active fonn, while if it is bound to guanine diphosphate (GDP) it is in its inactive

form. Ras has been shown to be dependent on Lck tyrosine kinase upstream for T-cell

activation. Between CD4ILIWZAP-70 and Ras are a number of possible adapter proteins

including Shc which becomes phosphorylated after Lck activation and seelns to control

the level of Ras activation (62). ZAP-70 also activates phospholipase C gamma which in

turn produces IP3 (inositol 1,4,5 triphosphate) and DAG (diacylglycerol). IP3 activates
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Figure 2: Proposed CD4 signal transduction pathway.
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Figure 2: Proposed CD4 signal transduction pathway. CD4, once activated,

triggers a signal transduction cascade resulting in the increased transcription of

NF-kappa B regulated immunolnodulatory genes (62,63).

28



calcineurin through an increase in intracellulaÍ Ca2*, which activates NF-AT by

dephosphorylation (a T-cell specific nuclear factor). DAG activates PKC (protein kinase

C) which also activates NF-?8.

Multiple signaling molecules for regulation of many gene types including both pro- and

anti-apoptotic pathways, use the Ras-mediated signal pathway. Activated Ras can

transmit a signal to many molecules, the most cortmon being Raf. Raf activates rnitogen

activated protein kinase I (MEKI or MAPKI) which then activates a series of MAP

kinases that eventually translocate to the nucleus and activate nuclear transcription

factors including Elkl. Ras can also directly associate with the transcription factor

Aiolos - a mediator of Bcl-2 inhibition related apoptosis - and interleukin-2 deprivation

especially enhances this interaction. The most important transcription factor activated by

Ras however is nuclear factor kappa B (NF-?B) which is irnportant in the regulation of

cytokine, chemokine and growth factor genes (63). Cytokines are a vital part of CD4+ T-

cell communication to the immune system. They permit the recruitment and activation of

other irnmune cells including cytotoxic T-lymphocytes (cell-mediated immunity) and B-

cells (humoral or antibody-mediated immunity).

8. CD4 8687

The CD4 gene is located on chromosome 12 on the p arm at position 12 (Figure 3). It is

near the gene for 87 isoform, also called B1-2. The gene has 3084 coding base pairs

spread out in l0 exons among 32 297 total base pairs (GenBank accession number
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U47924). Presently, few pollnnorphisms in the gene for CD4 have been identifìed and

none have been studied for their effect on HIV-1 infection and progression. Of the eight

known alleles of CD4, only one polymorphism is reported to occur in the coding region

(64). A single nucleotide polynorphism from a cytosine to a thl,rnidine located at

position 868 of the nucleotide sequence encodes an amino acid change from arginine to

tryptophan in D3 at amino acid position240.

The SNP is an autosomal codominant allele causing both wild type CD4 and CD4 8687

to be expressed on the surface of CD4+ cells in heterozygous individuals (ó5). This

creates the possibility that the heterozygous state may also exert an effect. CD4 8687

heterozygotes have been found at a 20%o frequency among African-American adults and

very rarely (>1%) among Caucasians (65). It is not unusual for polymorphisrns to have

different prevalences depending on ethnic backgrounds; a polynorphism of human

caspase-12 is found almost exclusively among populations of African descent (66). The

initial identification of this SNP stemmed frorr the observatìon that some people of

African descent had CD4 molecules that were unable to bind an IgG antibody named

anti-OKT4 that was directed at an epitope in the third domain of CDa (67). When

sequence analysis revealed 868T, it was hypothesized that this arnino acid change caused

alterations in the tertiary structure of CD4's third domain which was later supported by

Kyte-Doolittle hydrophobicity analysis (64, 65, 67).

Even though the polymorphism is in D3 of CD4 while the gpl20 portion of HIV-l binds

Dl of CD4, the location of the polSrmorphisrn could still have a dramatic effect on the
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interactions between gpl20, or the chemokine secondary receptors and CD4. For

example, an amino acid substitution in a non-active site locus of MHC I can significantly

alter the peptide repertoire and T-cell recognition of the MHC molecule (68).

Specifically in the case of CD4, recent data does suggest that the redox state of the

disulfide bond in D2 of CD4 greatly affects the binding of gp 120 (69).

9. Hypothesis and Objectives

The hypotheses for this project are two-fold. We hypothesize that the presence of the

CD4 polyrnorphism 868T is a genetic risk factor for seroconversion and rapid disease

progression in adults and that it is also a genetic risk factor for mother to child

transmission of HIV.

In order to explore this hypothesis we propose two specific objectives:

l) To determine if the CD4 868T polymorphism is correlated with susceptibility

to HIV infection and disease progression in adults

2) To assess the epidemiology of CD4 868T in mother to child HIV transmission
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Materials and Methods

Stud)¡ design and cohorts

The Majengo Commercial Sex Workers cohort and the Mother-Child Health cohort from

Nairobi, Kenya were utilized for this study. These protocols were approved by the

University of Manitoba Ethics Review panel and the Kenyatta National Hospital Ethics

Review Committee.

The ML study of commercial sex workers is an open cohort followed since 1985 in the

Pumwani district of Nairobi, Kenya (70-73). Female sex workers attending the Majengo

Sexually Transmitted Infection Clinic were enrolled. Informed consent was obtained

from willing participants and they were assigned a unique study number and

identification card to confirm their identity on subsequent visits to the clinic. Women

were asked to retum to the clinic at least twice a year for follow-up. At each visit, a

physical examination was performed and dernographic, sexual, medical, obstetric and

contraceptive histories were obtained. Serum samples were obtained at each visit and

tested for a variety of sexually transmitted infections (STI's) and for HIV serology and

PCR. At the time of testing, the cohort had enrolled a total of 1927 women over the l8

years of operation, although at any one time approximately 500 were active members

from whom samples may be obtained. An analysis of potential selection bias indicated

an equal distribution of CD4 868T and CD4 868C alnong those who were lost to follow-

up or died.
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The MCH study of perinatal HIV-l transmission was founded in 1986 in the Pumwani

sector of Nairobi, Kenya (74). This study follows the mothers and their children.

Women who presented to Pumwani Maternity Hospital, a major rnaternity hospital (one

that delivers more that 25 000 childrenlyear) in the region, were invited to enroll in the

cohort study if they delivered their child between 7:30 am and 12:00 arn Monday to

Friday.

First the mothers'sera were screened for antibodies to HIV-I and those found to be

infected and some randomly selected seronegative wolnen and their infants were

enrolled. The sera were screened by ELISA and positive samples were repeated the

following day. Those samples which were repeatedly positive were tested by Western

blot and seropositivity determined by reaction to one core protein (p24, p17 or pl5) and

to one envelope protein Gpal, gpl20ll60). Women with negative Westem blot,

irrespective of ELISA results were considered uninfected. One seronegative mother was

enrolled for every one to four seropositive mothers that entered the study. In the 24

hours following delivery, demographic, social, medical and obstetric histories as well as

the circumstances of labor and delivery were obtained frorn the mothers and recorded.

Mothers were physically examined for signs of HIV infection and infants were examined

to determine general health status (including birth weight, length and head

circumference) and gestational age. Two weeks following delivery, mothers were

examined for sexually transmitted infections.
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Follow-up was conducted in similar ways for all mother-infant pairs enrolled. Infant

visits were at monthly intervals for the first 6 months of life and then every 3 rnonths.

Histories of intercurrent illnesses, breastfeeding and nutrition were taken and physical

examinations were performed at each visit. All Kenyan required immunizations were

adlninistered (BCG, oral Polio, diphtheria, pertussis, tetanus and measles). Mothers and

infants provided serum samples at birth and every 3 months.

In both cohofis, individuals enrolled were encouraged to visit their respective study clinic

if they had health concerns for either themselves or for their children.

Individuals for this particular study were chosen based on HIV status, availability of

extracted DNA samples and availability of samples for the children bom to the women of

the antenatal cohort. In order to perform the ARMS-PCR screening assays, 533 adult

female individuals were chosen from both the ML and MCH cohorts (285 ML and 248

MCH individuals respectively). For the CD4 sequencing confirmatory assays, 648 adult

females including 364}i/.L (Figure 4, atthe time of testing, 1874 women were part of the

cohort though few had available DNA samples) and 284}r/rCH individuals (Figure 5) and

276 children of the MCH cohort (Figure 6) were chosen. The 276 children were chosen

from the children of HIV infected women of the MCH cohort.

Identification of Disease Proqression Groups

Women from the commercial sex workers cohort (ML cohort) were defined as rapid

progressors, long-term non-progressors and normal progressors based on the
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Figure 4: ML cohort flow chart
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Figure 5: MCH mothers cohort flow chart
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Figure 6: MCH children cohort flow chart
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following defìnitions. Rapid progressors were defìned as women whose CD4+ T-

lymphocyte counts reached less than 200 cells/mm3 within 3 years of seroconversion,

long-term non-progressors were defrned as wotren whose CD4+ T-lyrnphocyte counts

remained above 400 cells/ mttt' fo, more than 8 years after seroconversion or enrollment

in the cohort. Nonnal progressors were defined as women who progress to AIDS (< 200

CD4+T-cells/ cubic mrn) in 3-8 years following the average progression observed in sub-

Saharan Africa.

Infants born to the women enrolled in the MCH cohort were tested for HIV infection by

serology and PCR at birth, 6 weeks, 6 months and 9 months of age. They were then seen

and tested at every 3-month appointment follow-up. If a child tested PCR positive for the

virus at birth or at the first visit, they were determined to have been infected in utet-o or

during delivery. If the first PCR positive test occurred at 9 months or later, the child was

determined to have been infected through breast milk transmission (74,75).

Sample collection

Samples of peripheral blood mononuclear cells (PBMC) were obtained from cohort

participants in the ML and MCH cohorts. These cells were isolated from whole blood by

fìcol purification. Blood was drawn into sodium heparin vacutainers (Becton Dickinson)

and mixed to prevent coagulation. The blood was then layered onto 1/3 volume of Ficoll-

Hypaque (Siglna) and centrifuges at 500xg for 30 minutes in a table top centrifuge
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(Beckman GPR) at room temperature. The plasma was then removed aseptically in a

laminar flow hood for long-terrn cryopreservation and used for HIV-I testing. The

PBMC layer was removed in a similar way and placed in a new sterile tube. Cells were

washed twice with 50 ml PBS at 400 x g for 20 minutes at room temperature. Cells were

then stained with trypan blue and counted using a hemocytometer and 5 x lOó/ml were

cryopreserved at -J}oC in freezing rnedia (90% FCS, t0% DMSO).

DNA Isolation

DNA for PCR and sequencing procedures was isolated from between 5 and 6 x 106

PBMC using a QIAarnp DNA Mini Kit (Qiagen). The cells were pelleted and

resuspended in 200 ul of PBS (phosphate buffered saline). In order to lyse the cells, 20 ul

of Proteinase K (920mglml) was added to the resuspended pellet and rnixed. The rest of

the procedure was carried out as per the manufacturer's instructions using buffers

included in the kit. Each DNA sample resulting from the procedure contained a 200 ul

solution of DNA eluted in the comrnercial buffer. The sarnples were stored at-20oC .
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DNA isolation from plasma

Isolation of DNA from plasma was performed using the same kit as for the isolation from

PBMC. 200 ul of plasma was used in place of pelleted cells. The resulting DNA was

then arnplified using a nested PCR strategy in order to generate enough amplicons for

sequencing.

ARMS-PCR Screening Assav

Amplification refractory mutation system polymerase chain reaction (ARMS-PCR) was

performed as a screening assay for the CD4 868T polymorphisrn using sequence specific

primers for each of the two alleles. The final 3' most nucleotide position in each of these

primers corresponded to position 868 in the nucleotide sequence of the CD4 gene. The

allele specific primers were forward primers and both alleles used a common reverse

prirner to complete the PCR amplifìcation primer pair (Table l).

The PCR procedure was conducted by making two master mixes. One master mix

contained the primer specific for the wild type allele while the other contained the prirner

for the 868T allele. Each mix contained 5ul of InvitrogenrM l0x PCR buffer without

magnesium (Mg), 1.5u1 InvitrogenrM 50mM MgC12. 8.0u1 of dNTP's, 28.25u1 double

distilled autoclaved water, 0.25u1 InvitrogenrM recombinant Taq DNA polymerase and

5.0u1 (0.5uM per reaction) of a 5uM primer rnix of both a forward and reverse primer for
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Table 1: ARMS-PCR primer sequences. The sequences are listed 5' to 3'.

Allele Primer sequence

V/ild type 5' nt* 923-945

868T 5' nt923-945

3' common nt 1049-1071

'. GAACAAGGAAGTGTCTGTAAAAC 3

'. GAACAAGGAAGTGTCTGTAAAAT 3.

s' TtcctcrrrrcccrrcAAccccc 3'

* nt: nucleotide
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each reaction. The primer mix was made from reconstituted primers from InvitrogenrM

which were set at a concentration of 50uM. The dNTP's (InvitrogenrM) were made in an

aliquoted mix of 25 ul of each I 00mM dNTP solution in I 900 ul of double distilled

autoclaved water-

Forty-eight ul of master mix was added to round-top thin wall 200u1 reaction tubes

followed by 2ul of desired ternplate DNA. A negative control using deionized distilled

autoclaved water as the ternplate was added to each reaction set. As a positive control,

the DNA of an individual known to be heterozygous for the 868T polyrnorphism, termed

Cl, was also included in each reaction set.

The PCR arnplification was perfonned on an MJ Research PTC-200 thennocycler under

these conditions: 94oC for 2 minutes, followed by 30 cycles of 94oC for 30 seconds, 64oC

for 30 seconds, 72oC for 30 seconds with a final elongation of 72oC for 7 minutes. Each

individual sample was amplified with both the wild type and 868T primers in separate

reaction tubes.

These PCR products were then resolved on a 2o/o agarose gel by electrophoresis and

scored based on whether or not bands appeared as wild type hornozygous, heterozygous

or homozygous for the 868T polymorphism (Figure 7). Each gel was also run using a

l00bp DNA ladder (lnvitrogentt) as a size standard. Each fully resolved gel was

photographed under ultraviolet radiation using a BioRad Gel Doc@ system.
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Figure 7: ARMS-PCR analysis agarose gel.
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Figure 7: ARMS-PCR analysis of genetic single nucleotide polyrnorphism at position 868

of the nucleotide sequence of the CD4 gene. M indicates the molecular weight standard,

lanes 2 and 3 are homozygous wild type samples, lane Cl is the heterozygous positive

control and lane C is the negative water control.
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CD4 Sequence Anal]¡sis Confirmatorv Assav

Human genomic DNA samples were first PCR arnplified in the region of the CD4 gene

containing the nucleotide position 868. The PCR procedure was performed using a

master mix of 5 ul of Invitrogen 10x Mg- PCR buffer, 1.5 ul of InvitrogenrM 50mM

MgCl2, 8.0 ul of dNTP, 28.25 ul of double distilled autoclaved water, 0.25u1 of

InvitrogenrM recombinant Taq DNA polymerase and 5.0 ul of a 5uM primer mix of

prirner 5N and 3C (listed in Table 2) per each reaction. Each reaction tube contained 48

ul of this mix and 2ul of the desired DNA ternplate. An approxirnately 300 base pair

region was amplified using the prirners listed in Table 2. The PCR was performed on an

MJ Research PTC-200 thermocycler using the same conditions as indicated for ARMS-

PCR above.

The PCR products were then purifìed using Millipore Microcon@ PCR Centrifugal Filter

Devices. Each filter device was inserted into the collection tube provided in each kit.

Four hundred and fifty ul of pH 8.0 TE buffer (see appendix I for solution protocols) was

added to each filter device followed by 50 ul of PCR product. The apparatus was then

centrifuged at 1000xg for 15 minutes in a table top rnicrofuge (Fisher IEC Micromax). In

order to recover the DNA, 20ul of deionized distilled, autoclaved water was added to

each filter device and the device was placed upside down into a clean l.5ml eppendorf

collection tube. The whole apparatus was then centrifuged for 2 minutes at 10009.

These purified samples were then stored at -20oC.
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Table 2: Sequencing prirners. Sequences are listed from 5' to 3'. Locations are

designated by nt: nucleotide.

Primer

Name and

Location

Primer Sequence Procedure

5'outer

nt 737 -7 57

5N

nt 812-833

3N

nt 1049-1071

3'outer

nt 1072-1095

CAAAATAGACATCGTGGTGCT'

GTTCTCCTTCCCACTCGCCTTT 3'

'' TTCCTGTTTTCGCTTCAAGGGCC

, CCaGcTTCACTTCCTGATGCAAC 3

PCR arnplification

forward sequence/PCR

arnplification

reverse sequence

PCR amplification
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Cycle sequencing was then perfonned on these PCR products using Applied Biosystems

PRISM@ Big DyerM Terminator Mix version 3.0 which contains fluorescently labeled

dideoxynucleotide triphosphates, appropriate salt concentrations and high fidelity

sequencing grade AmpliTaq@ DNA polymerase. Each reaction tube contained 2 ul of

Terminatormix, 1.5 ul of 3.2pmol/ul primer, 1.0 ul of double distilled autoclaved water

and I ul of DNA template (the purified PCR amplifìed region of CD4). The prirners used

to generate both forward (5N) and reverse (3N) sequences are listed in Table 2. The

cycle sequencing procedure was conducted on an MJ Research PTC-200 thennocycler

under these conditions: 96oC for 3 minutes followed by 60 cycles of 96nC for 30 seconds,

50oC for 30 seconds and 60oC for 4 minutes.

The amplified samples were precipitated using a NaOAc - ethanol method. To each

cycle sequenced reaction, I ul of 3M NaOAc pH 5.2 was added followed by 3x volume

of 95%o ethanol. The sarnples were left to precipitate overnight at room temperature. The

samples were then centrifuged at maximum speed for 30 minutes. The pellet was then

washed with 200 ul of l}Yo ethanol and centrifuged for 15 minutes. The pellet was then

dried.

The pellets were then resuspended in20 ul of high grade fonnamide. The samples were

sequenced on an Applied Biosystems 3100 Automated Sequencer and analyzed using

Applied Biosystems Sequence Analysis software. The samples were sequenced using a

20 second injection time and the BC-3lOOSRseqofffTOFF analysis rlodule.
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Heterozygotes were identifìed by the appearance of both a C and a T peak overlapping at

position 868 (Figure 8). Some sequence analysis was also perfonned using Sequencher

4.1 software (Gene Codes Corporation, Ann Arbor, Michigan, USA).

Nested PCR for plasma sarnples

In the case of DNA samples isolated from plasma, a nested PCR strategy was employed.

The first round of PCR was conducted using the outer primers listed in Table 2 and the

procedure used was the same as above with the exception tha|4 ul of DNA template was

added to each reaction. This round was followed by column purifìcation as described

above. The second round employed the inside primers (called 5N and 3N) listed in Table

2. To prevent PCR cross contamination, this round was performed in a separate

ultraviolet-decontaminated area and was conducted the same way as for round l. These

column-purified samples were then ready for cycle sequencing as described above.

Statistical Anal)¡sis

Chi square tests and Fisher's Exact Test were performed for comparison between

categorical variables. Kaplan Meier survival plots were generated to assess the rate of

CD4+ T-cell decline of seropositive individuals with and without the polyrnorphisrn and

the length of time between enrollment of seroconvefiers and their seroconversion date.
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Forward Primer 5N

CC[þ{TTT

Reverse Primer 3N

Figure 8: Electropherograms of individuals a) homozygous for the wild type cytosine at

nucleotide position 868 of the CD4 gene, b) heterozygous for 868T/C and c) homozygous

for 868T.
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Figure 8: Electropherograms of individuals a) hornozygous for the wild type cytosine at

nucleotide position 868 of the CD4 gene, b) heterozygous for 868T and c) homozygous

for 868T. Images generated from Sequencher 4.I sequence analysis software package

(Gene Codes Corportation, Ann Arbor, Michigan, U.S.A.) after irnporting files from ABI

3 I 00 automated sequencer (Applied Biosystems).
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Log rank and Wilcoxon tests were applied. The Cox Proportional Hazard model was

also used to confirm Kaplan Meier results by assessing the risk of seroconversion or

CD4+ T-cell decline to end point and cornparing that risk in each of the CD4 genotype

goups. Logistic regression multivariate analysis (analysis of discrete rather than

continuous variables) was also performed for comparisons between the various HIV

serology groups in each population and their CD4 genotype by evaluating possible

associations between factors (i.e., CD4 genotype, HIV status, HIV disease progression

etc) and HIV transmission and progression.

Allele frequencies were determined using Python for Population Genetics (PyPop)

software (University of California, Berkeley, USA) (76).
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Results

ARMS-PCR Screenine assay

To screen large numbers of DNA samples for the 868T polymorphism, an ARMS-PCR

system was employed. Five hundred and thirty-three Kenyan women (285 ML and 248

MCH) were screened using this system. The results of this assay are summarized in

Figure 9. There were no differences between the number of ML individuals with the

pollnnorphism and the number of MCH individuals with the polymorphisrn. However,

when the groups were split based on HIV status, there was a statistically significant

result. Out of l6l HIV uninfected women, only l9 were positive for 868T, while 125 out

of 312 HIV infected women were 868T positive (Chi square p < 0.000001, o.R. 3.78,

CI95 2.18-6.63). When the group was split by HIV status and by risk group as is

depicted in Figure 9, 63 of 157 MCH HIV infected women and 11 of 9l MCH HIV

uninfected women were CD4 868T positive (Chi square p < 0.000i, o.R. 3.8, CI95 1.9-

7.5). When the ML cohort members were examined,62 of the 215 HIV infected women

and 8 of the 70 HIV uninfected women had the polymorphism (Chi square p : 0.019 RR

: 2.02 CI95 I .I-3.7). To confirm these results, select sequencing was perfonned on these

samples. Some discrepancies were noted, prompting the sequencing of the entire sample

in order to confirm. The ARMS-PCR assay was discordant with the sequence data in

2lo/o of the cases. The entire work was then repeated using the sequence-based assay.
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Figure 9: CD4 868T prevalence in low-risk (MCH) and high-risk (ML) individuals as

screened by ARMS-PCR. The group was split by HIV status and by risk group. 63 of

157 MCH HIV infected women and l1 of 9l MCH HIV uninfected women were CD4

868T positive (Chi square p < 0.0001, o.R. 3.8, CI95 1.9-7.5). In the ML cohorr 62 of

the 215 HIV infected women and 8 of the 70 HIV uninfected woÍìen had the

polynorphism (Chi square p: 0.019 RR: 2.02 CI95 l.l-3.7).
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ML COHORT

CD4 868T not associated with ML HIV prevalence

In order to detemine whether the CD4 868T polS.morphism correlated with HIV

prevalence in commercial sex workers, the percentage of individuals with the

polymorphisrn in seronegative and seropositive groups was compared. The 364

individuals that were CD4-typed were separated into 3 groups based on their HIV status.

The number of individuals within each group and their CD4 genotypes are shown in

Table 3. In the HIV-l negative group, 24o/o of individuals had at least one copy of the

polymorphic CD4 allele. Twenty-nine percent of the HIV-1 infected gïoup (individuals

that were HIV-1 positive upon enrollment in the cohort) had the polyrnorphism. In the

HIV-l seroconverting group, 40Yo of the individuals possessed at least one copy of the

polymorphic CD4 gene. If both the HIV-I infected and seroconverting groups were

combined, they showed that 3lo/o of all individuals in these groups were CD4 8687

positive. There were no significant differences in the prevalence of the polymorphism in

the three categories studied (Chi-square p : 0.13 17, OR : 1 .380, CI95 : 0.917 -2.078).

CD4 868T associated with ML HIV incidence

While the polyrnorphism was not associated with HIV prevalence, the higher CD4 8687

frequency in the seroconverters suggested that a study of HIV incidence was warranted.
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Table 3: ML HIV Disease Progression and Frequency of CD4 genotype and CD4 allele.

HIV positive

Genotype HIV - HIV+ HIVscu LTNPb Rapid Progressors

CD4 (n: 87) (n:220) (n : s7) (n: 2i) (n : t9)

868C/868C 66 ts7 34 15 I 1

868C/868T 12 s7 20 5 7

868T/868T96311

?2 square test for trend comparing HIV- to LTNP to rapid progressors: p : 0.04 for

progression of heterozygotes, logistic regression comparing LTNP and rapid progressors

O.R. 2.936 (p : 0.01 97 , CI95 I .187 -7 .262)

HIV positive

Allele HIV - HIV+ HIVsc LTNP Rapid Proqressors Frequency
CD4 (2n: r74) (2n:440) (2n: tlg (2n:42) (2n:38)

868C t44 371 88 35 29 0.82

868T 30 69 26 7 9 0.18

o 
sc : seroconverter, b LTNP : long-term non-progressor
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The next step undertaken was to determine if the SNP was associated with the incidence

of HIV in this highly exposed ML cohort. A Kaplan Meier survival analysis (Figure t0)

was perfonned on the seroconverting members of the cohort. The time between the date

of enrollment and the calculated seroconversion date was plotted for each seroconverting

individual. The comparison was made to uninfected individuals in the cohort and

between genotypes. The analysis was performed on 125 HIV uninfected individuals.

Eighty-nine of these individuals were homozygous for wild type allele, 25 were

heterozygous and I I were homozygous for 868T. Forty-eight individuals of the 125 HIV

uninfected women seroconverted to HIV* were then used for this analysis: l6 were

heterozygous for CD4 868T, 29 were homozygous for the wild type allele and 3 were

homozygous for 868T. Due to the small number of seroconverters homozygous for the

868T allele (3), only wild type and heterozygous individuals were included in the fìnal

analysis.

This analysis showed that heterozygous individuals seroconverted faster (shorter tirne

between enrollment and seroconversion) than individuals homozygous for the wild type

CD4 allele (Log-rank p : 0.0046, Wilcoxon p : 0.0088). The mean time ro

seroconversion for wild type individuals was 2889 days or 7.91 years as compared to

heterozygotes who had a mean time to seroconversion of 1236 days or 3.38 years,

To confirm the Kaplan Meier result that the polymorphism is associated with an

increased incidence of HIV infection, logistic regression analysis was performed on the
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Figure 10: Kaplan Meier plot of time from enrollment to HIV-1 seroconversion i.e. HIV

incidence. The plot was constructed using 114 HIV uninfected individuals of which 45

seroconverted (of the I l4 HIV negative individuals, 89 were homozygous for the wild

type allele and 25 were heterozygous). Of these 45 seroconverters, l6 were heterozygous

for CD4 868T (asterisks) and 29 were homozygous for the wild type allele (diamonds).

Log rank test p: 0.0046 and Wilcoxon test p: 0.0088.
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seroconverters. The same seroconverters who were part of the Kaplan Meier test in

Figure l0 were analyzed and compared to uninfected controls. This showed that the

heterozygous state is associated with seroconversion, supporting the Kaplan Meier

findings (p : 0.0087, OR 2.488 , Cl95 1.260-4.913).

CD4 868T association with ML HIV disease proqression

In addition to a potential effect on susceptibility to HIV infection, the CD4 868T may

play a role in HIV disease progression. In order to detennine if the polymorphism was

associated with HIV disease progression, the cohort was divided into three progression

groups based on the rate of CD4+ T-cell decline: uninfected individuals, long-term non-

progressors and rapid progressors (who were a subset of the seroconverter group since

their time of infection was known). The CD4 868T genotypes of these extreme ends of

the HIV disease progression profile were cornpared to one another (Table 3). As

summarized in Table 3, of the 2l long{errn non-progressors, 5 were heterozygous for

CD4 868T (23.81o/o) and of the 19 rapid progressors, T were heterozygous (36.84Yo),

which is a significantly higher frequency than in the uninfected controls (heterozygote

frequency was 13.8%) when compared in a chi-square test for trend. By logistic

regression cornparing rapid progressors to long-term non-progressors, heterozygotes were

shown tobe2.936 times more likely to be rapid progressors (p:0.0197, CI95 1.187-

7 .262) than wild type individuals.

CD4 868T association with lower CD4 counts in ML cohort
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To determine the speed with which individuals with the pol¡.morphisrn progressed to low

CD4 counts as compared to wild type HIV-I seropositive individuals, CD4+ T-cell

decline was analyzed by Kaplan Meier analysis (Figure I l). Only individuals that either

entered the cohort HIV positive or became infected during follow-up were included in

this analysis. CD4 decline was measured as the time between the initial CD4+ T-cell

count (if above 400) at the first clinic visit and the visit at which a count of below 400

cells/cubic mm \¡/as reached. A patient could only be included if a minirnum of 2 visits to

the clinic were recorded, one with a count above 400 and one with a count below 400. Of

the 277 individuals typed in this study, 232 individuals fìt the criteria. One hundred and

forty-eight were homozygous for the wild type allele, 75 were heterozygous and 9 were

homozygous for the polymorphic allele.

The 400 cells/cubic rnm T-cell count was chosen because it represents a count that is

definitively below 500 cells/cubic mm which is a clinical marker for the beginning of

antiretroviral treatment.

Figure l1 shows a trend that the time between the first visit and the visit at which the

CD4 count is below 400 cells/cubic mm is shorter for individuals homozygous for CD4

868T than for genotypically wild type individuals and heterozygous individuals (log-rank

p : 0.0910, Wilcoxon p : 0.1298).
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Figure I 1: Kaplan Meier plot of ML CD4+ T-cell decline to less than 400 cells/cubic

mm. Of the 196 seropositive individuals used for this analysis, 148 were homozygous for

the wild type allele (diamonds), 75 were heterozygous (asterisks) and 9 were

hornozygous for the CD4 868T allele (triangles). Log rank test p:0.0910 and Wilcoxon

test p: 0.1298.
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Confounding variables

In order to exclude the effects of possible confounding factors, dates of birth, tribal

origin, and behavioural data such as time of enrollment into the cohort and start of

prostitution were compared between CD4 genotype groups (Table 4). None of these

possible confounding factors was shown to be associated with the effect seen by CD4

868T.

To detennine if other genetic factors associated with susceptibility to HIV infection or

disease progression were responsible for the CD4 868T effect, the ML CD4 genotype

was compared to their human leukocyte antigen (HLA) alleles class I and class II that in

published reports have been shown to be associated with accelerated or decreased disease

progression (77). No signifìcant associations were seen (data not shown).

CD4 868T not associated with MCH HIV prevalence

In order to determine if there was a correlation between the polynorphism and HIV

prevalence among low-risk members of the MCH cohort, seronegative women were

compared to women infected with HIV (Table 5). Of the 284 }y'rcH woûren genotyped

for CD4, 31.6% of HIV negative wornen were 868T positive, 29.3% of HIV infected

l¡/oÍten were 868T positive and 45.2o/o of seroconverting women were positive for 868T.
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Table 4: Association of biographical data with CD4 868T genotype

Variable cD4 Genotype Mean standard Deviation t-test

Date of birth ClT,TlT 1960.88 6.425
ctc 1960.60 6.993 0.726s

Prostitution ClT,TlT 1987.08 4.975
start date CIC 1986.40 5.526 0.2690

Cohort ClT,TlT 1991.04 3.072
enrollment date CIC 1990.14 3.238 0.4183

CD4 genotype

CIT,TIT CIC ?2

Tribal Group I
Tribal Group 2

Tribal Groups 3-18

s0 106
24 74
22 36 0.1891
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Table 5: MCH HIV status and frequency of cD4 genorype and cD4 allele.

Genotype

CD4

HIV -

(n:107)

HIV+

(n:177)

HIVsc"

(n :3 1)

868C/868C

868C/8687

868T/8687

52

19

5

125

45

7

17

12

2

Allele
CD4

HIV -
(2n:214)

HIV+
Qn 4sa)

HIVsc
(2n:62)

Frequency

868C

8687

123

29

29s

s9

0.82

0.1 8

46

16

sc: seroconverter
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If all the HIV infected women are combined (those enrolled HIV+ and those who

seroconverted during follow-up) 33.3% had at least one copy of the polymorphism.

There were no significant differences between the seronegative and seropositive groups

with respect to the number of 868T positive individuals (chi square p: 0.9806).

CD4 868T associated with MCH rapid CD4+ T-cell decline to <400 cells/cubic mm

In order to detennine if the CD4 868T polymorphism had an effect on the CD4+ T-cell

decline to less than 400 cells/cubic mm of blood, a Kaplan Meier analysis was perfonned

on all cohort members who entered the cohort positive or seroconverted during follow-up

(Figure l2). The individuals \ryere followed frorn the time of enrollment (or

seroconversion) until the first CD4+ T-cell count of less than 400 cells/ cubic mm. In

order to be included in the analysis, at least one count above 400 and one count below or

at 400 must have been recorded.

Of the 208 possible individuals that could have been used in this analysis, 159 had

appropriate data to be used in the Kaplan Meier plot. Of the 159 included individuals,

I 13 were homozygous for the wild type allele, 40 were heterozygous and 6 were

homozygous for 868T.

In this analysis, the individuals homozygous for 868T had a much steeper CD4+ T-cell

decline than both heterozygous and homozygous wild type individuals (log rank p :

68



Loo -ì

1

1

l
:
lj

"{
ü
$.
J&
lft-F1 I

hq
I'f eÀ
!i ¡it ð-tt ô
l{ d}õ
ll ê-c

l!il \Homozygous wild type
â
.E
d

I
I
ð
L'

c
e
4
ó

E
E
E
Jo

ii r-tt ôlT ffitt H
tj-- \*Homoztt ô-.-Ll d

{.-, gÀ-

l'-- -¡
I :|*+--#
I.(-

!

ì

I

I

I

¡i

Homozygous 8687

'Ilme (days)

Figure l2: Kaplan Meier plot of MCH CD4+ T-cell decline to less than 400 cells/cubic

mm.

**-L==____* 
i

IJ" * 
I

I

I... .,_]

69



Figure 12: Kaplan Meier plot of MCH CD4+ T-cell decline to less than 400 cells/cubic

mm. Of the 159 seropositive individuals used for this analysis, 113 were homozygous for

the wild type allele (diamonds), 40 were heterozygous (asterisks) and 6 were

homozygous for 868T (triangles). Log rank test p : 0.04.
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0.04). Patients homozygous for 868T dropped to a CD4 count below 400 in a mean of

467.33 days (1.28 years) while hornozygous wild type women dropped to below 400 in

1371.88 days (3.76 years) and heterozygotes fell to below 400 in 1246.22 days (3.41

years). When Cox proportional hazard test was performed to confirm this data, 8687

homozygous women were shown to have a 2.8 times faster decline to <400 cells/cubic

mrn (p:0.04 CI95 I .220-6.599).

CD4 868T associated with rapid MCH CD4+ T-cell decline to <200 cells/cubic mm

As indicated in the introduction to this thesis, Walter Reed Stage 6 disease is considered

clinical AIDS. To be considered stage 6, patients must have CD4+ T-cell counts below

200 cells/cubic mm. To determine whether or not 868T positive individuals have a faster

CD4+ T-cell decline to AIDS level counts, a Kaplan Meier and Cox proportionalhazard

test were performed on HIV infected and HIV seroconverting individuals in the cohort

providing they had at least one count above 200 and one below (Figure 13). Each patient

was followed in the analysis from the date of enrollment (or seroconversion) to the first

count below 200 cells/cubic mm. Of the possible 208 HIV infected tested members of

the cohort, 159 patients had sufficient CD4 count information to be included in the

Kaplan Meier analysis. One hundred and thirteen were homozygous for the wild type

allele, 40 were heterozygous and 6 were homozygous for 868T.

The Kaplan Meier plot shows a faster CD4+ T-cell decline for 868T homozygotes than

for heterozygotes and homozygous wild type individuals (log rank p:0.0295). The Cox
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Figure 13: Kaplan Meier plot of MCH CD4+ T-cell decline to less than 200 cells/cubic

mrn. Of the 159 seropositive individuals used for this analysis, I l3 were hornozygous for

the wild type allele (diamonds), 40 were heterozygous (asterisks) and 6 were

homozygous for 868T (triangles). Log rank test p : 0.0295.
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proportional hazard test showed that 868T homozygous women had a 3.5 times faster

CD4+ T-cell decline to AIDS level counts (p :0.0295 CI95 1.230-t0.308).

MOTHER TO CHILD TRANSMISSION IN MCH COHORT

CD4 868T not associated with HIV prevalence in Kenvan children

The CD4 868T status of children of HIV infected MCH mothers was compared to their

HIV status in order to determine if the polymorphism affects the prevalence of HIV in

this population (Table 6). A total of 278 children from 178 HIV infected MCH mothers

were tested for the polymorphism. Of these, l9 had indeterminate HIV status and were

eliminated from further analysis. The remaining 257 chlldren were from 160 HIV+

mothers.

There were no statistically significant differences in 868T distribution among different

HIV infection groups of children. Of the included 257 ch1ldren,73 of the 167 (43.11%)

HIV uninfected children had the 868T polymorphism while 3l of the 90 (34.40%) HIV

infected children were 868T positive (Chi square p : 0.1487).
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Table 6: MCH children HIV status and frequency of CD4 genotype and CD4 allele.

Genotype

CD4

HIV -

(n:167)

HIV+

(n :71)

HlVbmtu

(n :19)

868C/868C

868C/8687

868T/8687

94

60

13

47

l9

5

12

4

aJ

Allele
CD4

HIV _

Qn 43a\
HIV+
(2n:142)

HIVbmt
(2n:38)

Frequency

868C

8687

248

86

I l3

29

28

r0

0.76

0.24

t rs to late seroconversron due to ml.lk transmlsslon.
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CD4 868T not associated with MCH children's CD4+ T-cell decline to less thart25o/o

Disease progression in children is more rapid than in adults. To determine whether or not

the 868T polymorphism had an effect on the speed of CD4+ T-cell decline in children, a

Kaplan Meier analysis was performed (Figure 14) on HIV infected children. In this

analysis, the children were followed from the point of entrance into the cohort (birth)

until the end point. The end point was determined to be the first CD4+ T-cell count that

amounted to less than25o/o of total lyrnphocy'tes. This end point is roughly equivalent to

a CD4+ T-cell count of approximately 400-500 cells/cubic mm in adults.

Of the possible 90 HIV infected children, 64 children met the criterion of having a

minimum of two CD4+ T-cell counts with one of these above and one below the 25%o of

total llnnphocyte end point. Of the 64 seropositive individuals used for this analysis, 40

were homozygous for the wild type allele, 2l were heterozygous and 3 were homozygous

for 868T.

The Kaplan Meier plot shows that the CD4+ T-cell decline is similar between the wild

type hornozygotes, heterozygotes and 868T homozygotes. The log rank test value was p

:0.42.
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Figure 14: Kaplan Meier plot of MCH children's CD4+ T-cell decline to less than25o/o

CD4+ cells from total lynphocfles. Of the 64 seropositive individuals used for rhis

analysis, 40 were homozygous for the wild type allele (diarnonds), 21 were heterozygous

(asterisks) and 3 were homozygous for 868T (triangles). Log rank test p : 0.42.
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CD4 868T not associated with MCH children's CD4+ T-cell decline to less than20o/o

The CD4+ T-cell count based clinical point that determines AIDS stage in children is

when CD4+ T-cell counts reach 20o/o of total lynphocytes. In order to determine if the

868T polymorphism affected the time between enrollment (in this case birth) or

seroconversion and AIDS stage illness, a Kaplan Meier analysis was performed on the

HIV infected children of the cohort who developed HIV infection either in utero or

through breast milk transmission (Figure 15).

To be included in this analysis, a minimum of two CD4+ T-cell counts including a CD4+

T-cell count above and below 20%o of total lymphocytes had to have been recorded. Of

the possible 90 HIV infected children tested, 34 children had enough clinical data to be

included. Of the 34 seropositive individuals used for this analysis, 21 were homozygous

for the wild type allele, I I were heterozygous and 3 were homozygous for 868T.

As seen in Figure 15, the CD4+ T-cell decline in children to AIDS stage disease is

similar regardless of 868T genotype. The log rank test value for this analysis is p : 0.57.

Mother's CD4 868T genot]¡pe does not affect irz ¿¿rero HIV transmission

Of the members of the MCH mothers and the MCH children's cohorts, l7O are matched

mothers and their children. This pool was used to determine whether or not the 8687
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Figure 15: Kaplan Meier plot of MCH children's CD4+ T-cell decline to less than 20o/o

CD4+ cells from total lymphocytes. Of the 34 seropositive individuals used for this

analysis, 27 were hornozygous for the wild type allele (diamonds), 1l were heterozygous

(asterisks) and 3 were homozygous for 868T (triangles). Log rank test p : 0.57.
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pollrnorphisrn affects the transmission of the virus to children. Every mode of

transmission is different so i¡z utero transmission was fìrst analyzed (Table 7).

Chi square and logistic regression analysis was applied to the data. Of the 99

homozygous wild type wornen,2l gave birth to HIV infected children, while 16 of 64

heterozygous women gave birth to HIV infected children and 3 out of 7 8687

homozygous wolnen transmitted the virus to their children. There were no statistical

differences between these groups.

Mother's CD4 868T genotvpe associated with increased breast milk HIV transrnission

Using the same pool of 170 rnatched mothers and their children, the effect of CD4 8687

on breast milk transrnission was examined (Table 8, Figure l6). Different modes of

mother to child transmission involve different factors so breast mìlk transmission was

anaTyzed separately.

As seen in Table 8 and Figure 16, out of the 99 homozygous wild type women, 3 had

children seroconvert late due to breast mìlk transmission. Of the 64 heterozygous

women, 8 transrnitted the virus to their children by breast-feeding while 3 of the 7

homozygous 868T women had children infected with HIV by breast milk.
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Table 7'. In tttero mother to child transmission of HIV based on mother's CD4 genotype.

Maternal CD4 genotype Kids HIV status ?2 Odds Ratio CI95b

(n : 170)

HIV - HIV+O

(n: 128) (n : a0) þ:)

868C/868C (n:99) 78 21

868C/868T (n:6$ 46 16 0.s007 r.292 0.613-2.723

868C/868C (n: 7) 4 3 0.2016 2.786 0.578-13.425

o HIV * refers to children infected in utero or during delivery, o CI95 is the 95%o

confidence interval.
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Table 8: Breast milk mother to child transmission of HIV based on mother's CD4

genotype.

Maternal CD4 genotype Kids HIV status ?2 Odds Ratio CI95b

(n : 170)

HIV - HIV bmto

(n: 128) (n: la) þ:)

868C/868C (n:99) 78 3

868C/868T (n : 64) 46 8 0.0316* 4.522 1.142-17 .902

868C/868C(n:7) 4 3 0.0021* 19.500 2.947-129.026

x statistically significant p<0.05

o HIV bmt refers to late seroconversion by breast milk transmission, b CI95 is the 95%

confidence interval-
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Figure 16: Breast milk mother to child transmission of HIV based on mother's CD4

genotype. Of the 99 wild type mothers, 3 transmitted HIV to their children through

breast milk (3%). Of the 64 heterozygous mothers, 8 transmitted the virus to their

children by breast milk ( 12.5%) a significantly higher amount than wild type women (p :

0.0316 O.R. 4.522 CI95 I .142-17 .902). The 7 women homozygous for 868T transmitted

HIV to their children by breast milk 3 times (42.857%), also a significantly higher rate

than wild type women (p:0.0021 O.R. 19.5 CI95 2.947-129.026).
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Both Chi Square and logistic regression analysis were performed comparìng the amount

of breast milk transmission in heterozygous and 868T homozygous women to wild type

women. A statistically significant number of heterozygous wotren transmitted HIV to

their children by breastfeeding (p : 0.0316, O.R. 4.522, CI95 1.142-17 .902). In addition,

homozygous 868T wotnen were 19.5 times rnore likely to transmit HIV to their children

by breastfeeding (p : 0.0021, o.R. I 9.500, Cl95 2.947 -129.026) than wild type wornen.

Prevalence of 868T is higher among Kenvan children than amonq KenJ/an adults

When the prevalence of the 868T polymorphisrn was analyzed separately in the adult and

children's group, a difference was noted. In order to detennine if the prevalence was

statistically different between the different age groups, a chi square analysis was done on

all the adults versus all the children regardless of HIV status, then the age gïoups were

also compared based on HIV infection.

In Figure 17 A, all adults (ML and MCH) were compared to all children tested for CD4

868T in this study. Of the 648 adults, 30.40% (197 individuals) had the polymorphisrn

while 40.47% (104 individuals) of the 257 of children were 868T positive. In this

analysis, there are significantly more children possessing at least one copy of 868T when

compared to the adults (p:0.003).
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To control for the confounding effect HIV status may have on CD4 genotype only HIV

uninfected individuals were compared. As depicted in Figure 178, of the 158 HIV

uninfected adults, 19.60% (31 individuals) and 36.36% (61 individuals) of the 167

children had the pollnnorphisrn. When only HIV- adults and children were compared in

Figure 178, the results remained significant (p:0.0039). All the HIV infected adults

were also compared to the HIV infected children (results not shown) and the distribution

of CD4 868T was also determined to be statistically different (p : 0.04).
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Figure 17: Age dependent gene frequency of CD4 868T. A) All children and adults tested

in this study. B) HIV uninfected individuals only.
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Figure 17: Age dependent gene frequency of CD4 868T. A) All children and adults

tested in this study. Of the 648 adults,30/0% (197 individuals) had thepolymorphism

while 40.47% (104 individuals) of the 257 of children were 868T positive (Chì square p

: 0.003). B) Total HIV uninfected children and adults tested in this study. Of the 158

adults, 19.60% (31 individuals) and of the 167 children,36.360/o (61 individuals) had the

polyrnorphism (Chi square p : 0.0039).
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Discussion

From two Nairobi-based cohorts we identified three groups of individuals based on their

HIV stafus and the stage of their disease, if infected. The ML sex workers cohort was

divided into HIV uninfected women, HIV+ women who entered the cohort with a

positive test for HIV infection and seroconverting women who were HIV negative upon

enrollment in the cohort but became infected over the course of follow-up. The same

groups were also identifìed in the mothers of the MCH cohort. The HIV infected worìen

of the ML cohort were further subdivided into normal progressors and long-terïn non-

progressors (LTNP). These LTNP were women who were HIV infected but remained at

CD4+ T-cell counts above 400 cells/cubic mm for 8 years or more. LTNP were

identifìed in both the initially infected and seroconverting women. Among the ML

seroconverters, a subset of rapid progressors was identified. These were worìen who

progressed to AIDS level CD4+ T-cell counts (<200 cells/cubic mm) within 3 years of

seroconversion. The LTNP and RP definitions were developed based on the more rapid

disease progression seen in sex workers as compared to other Afücan women (78).

The children of the MCH cohort were divided in a very similar manner to the adult

cohorts with HIV uninfected and HIV infected groups. Some children identified as HIV+

were determined to have been infected in utero. Those that would in an adult cohort be

called seroconverters, since they were initially HIV PCR negative prior to becorning

positive, are called bmt. These are children detennined to have been infected through

breast milk transmission explaining the observed late seroconversion.
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Within these groups, a great variation in disease progression to AIDS exists. Many valid

correlates of progression and mother to child transmission of HIV have been brought

forward and this study seeks to add another factor to the list of contributors. The

question posed by this work is whether or not a single nucleotide polyrnorphisrn of the

gene for CD4 exerts an effect on the susceptibility to HIV infection in adults, on the

disease progression of HIV infected adults and on the perinatal and postnatal mother to

child transmission of HIV. This question led to the development of the hypothesis

that the 868T polymorphism in the coding region of CD4 is a genetic risk factor for

seroconversion, rapid disease progression of infected adults and mother to child

transmission.

The finding that a polymorphism in an HIV-I receptor is involved in altering

susceptibility and the course of the disease is not surprisìng and has been shown for a

number of coreceptor polymorphisms (41-44, 46, 47,79). There are also examples of

polynorphisms affecting disease progression of various infectious diseases including the

presence of at least one copy of a particular MHC class II allele, HLA-DQBlx0503

which has been associated with clinical cases of Mycobacteriunt htberculosis-caused

tuberculosis. In a Cambodian study (39) this SNP, which causes an amino acid change,

correlates with progression to clinically syrnptomatic tuberculosis. This work suggested

that the SNP didn't affect the susceptibility to infection by the bacillus but it did cause an

altered disease progression. Studies of NRAMPI polynorphisms have indicated no

effect on susceptibility but a rnarked effect on progression of Mycobacterium leprae

infection (40). An accelerated disease progression to AIDS has also been shown with a
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structural variant of the CX3CRI chemokine receptor (55-57). Perhaps the best

described effect of a genetic pollnnorphism on HIV disease progression as well as

susceptibility to infection is CCR5A32 (41-44,46,47,79). However, our study is the

first to demonstrate that a polynnorphisrn in the prirnary HIV-I receptor, CD4, is

associated with a higher HIV incidence and accelerated disease progression in infected

individuals.

This study did not fìnd an association between the CD4 868T polymorphism and HIV

prevalence among the highly exposed ML cohort sex workers (Chi-square p : O.I3Il,

OR : 1.380, CI95 : 0.917-2.07 8). Yet, we did observe that the highest prevalence of the

polymorphism was among those individuals who were infected with HIV while enrolled

in the cohort. Since prevalence is defined as the proportion of persons with a particular

disease within a given population and incidence is the number of new cases during a

specified time period in a given population, should not the presence of CD4 8687

correlate with both HIV incidence and prevalence? If a disease were non-fatal, a steady

incidence rate would result in an ever-increasing prevalence. However, if a particular

genetic condition has a high probability of death, a prevalence study may underestimate

the frequency of that state since a higher proportion of those with the condition would not

survive and those with the less lethal condition would be over-represented. In our study

those ML with the CD4 868T pol¡,rnorphism are 2.9 times (p: 0.0197, CI95 1.187-

7.262) rnore likely to be rapid progressors (Table 3) and have a trend (log-rank p :

0.0910, Wilcoxon p : 0.1298) towards a more rapid CD4+ T-cell decline to < 400

cells/cubic mm (Figure 1l), so it is possible that they are at a greater risk of dying sooner
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and, therefore, would be under-represented in a prevalence study. Since an incidence

study measures the earliest indication of disease, which in our case is HIV

seroconversion, incidence would more accurately reflect the association of the CD4 8687

polymorphism with the condition (HIV disease in this case). Rapid progressing patients

are better represented in an incidence study because their initial seroconversion is

recorded which is an equivalent measure to every other patient tested. The incidence of

HIV infection, as indicated by the Kaplan Meier time to seroconversion graph (Figure

l0), would support the role of the polymorphism increasing susceptibility to HIV

infection (Log-rank p : 0.0046, Wilcoxon p : 0.0088). However, given that these

commercial sex workers are highly exposed to HIV, the protective effect of having the

wild type allele may be overcome by the large number of exposures to HIV, eventually

resulting in infection. This would eventually result in a similar prevalence of the

polymorphism among infected and uninfected groups.

This work did not find an association of the CD4 868T polymorphism with HIV

prevalence in either MCH women (chi square p: 0.9806) or their children (Chi square p

: 0.1487). However, among the MCH mothers, seroconverters still had a higher

frequency of the polymorphism as was seen with the ML sex workers (Table 5). In this

case, as in the ML cohort, individuals with the polynorphism might be under-represented

in a prevalence study if this genetic condition conferred increased mortality. The CD4

868T positive women were in fact shown to have a steeper CD4+ T-cell decline to both

treatment level (<400 cells / cubic mm, log rank p: 0.04) and to AIDS level (<200 cells /

cubic mm, log rank p: 0.0295) counts than wild type women (Figures 12 and l3). The
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curves in these figures as compared to the Kaplan Meier plot for ML CD4+ T-cell decline

(Figure I I ) show a similar decline although the difference in the ML cohort is not

statistically significant and can only be interpreted as a trend.

The children of the HIV infected members of the MCH cohort did not show an

association of CD4 868T with prevalence of HIV (Table 6). Unlike the adult groups,

children that seroconverted due to breast milk transmission (the child cohort equivalent of

a seroconverter since a seroconversion date can be calculated) did not show a higher

frequency of CD4 868T compared to HIV infected and HIV uninfected children. This

observation was supported by the Kaplan Meier plots of CD4+ T-cell decline (Figures 14

and l5). Since each mode of transmission is so drastically different from one another in

terms of entry, viral dominance (X4 vs. R5) etc., it is not entirely surprising to find that

the disease progression of children does not seem to be affected by the polymorphism.

The disease progression of children is very rapid (23) when compared with that of adults

therefore a genetic factor might not be well-represented in a survival plot.

Mother to child transmission of the HIV virus can occur by at least 3 routes.

Transmission during gestation or in utero indicates cross-placental transfer of HIV

virions that infect the fetus. Infection can also occur during delivery due to a transfer of

infected blood and fluids to the neonate. For the puryoses of this study, both gestational

and delivery HIV infections were deem ed in utero transmission as it is extremely difficult

to assess the infection time when a neonate tests positive for the virus. Late

seroconversion or breast milk transrnission is the third route of infection and occurs due

95



to infected breast milk being ingested and virions entering the child through the

gastrointestinal system. The viral load of breast milk depends directly and primarily on

the serum viral load of the mother (80). This is the only route of mother to child virus

entry that depends on ingestion of the virus instead of direct blood-to-blood contact.

Since the survival curves and prevalence tests seemed to indicate that the polymorphism

in children did not affect their susceptibility to infection or their disease progression, the

effect of the CD4 genotype of the HIV infected mother on the HIV status of her child and

the means of transmission of the virus to infected children were examined. Looking at

the information in Tables 7 and 8 and Figure 16, the genotype of the mother was not

associated with an increased infection of her child when all HIV infected children were

combined or when only children deemed to have been infected in utero were analyzed.

However, when only children infected via breast milk transmission (Table 8 and Figure

16) were analyzed,868T heterozygous mothers were 4.5 times more likely to transmit to

their infants and 868T homozygous mothers were 19.5 times more likely to transmit to

their infants than wild type mothers. This is a potentially very important finding. This is

another indication of a dose effect - the probability of infection increases with the

number of 868T alleles a mother possesses. It is also interesting to note that because this

is a common SNP among Africans but is rare in Caucasians, it might be a contributor to

the observations that African-American women transmit HIV more commonly to their

infants than Caucasian women (81) and that breast rnilk transmission is estimated to be

higher in African cohorts than in other study groups (80).
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Serum HIV viral load is directly associated with the viral load in breast milk.

Cunninghatn et al (81) showed that race, especially being of African descent, was

independently associated with a higher viral load at delivery. If CD4 868T increases the

serum viral load of a mother thereby increasing her breast milk viral load, an increase in

the rate of breast rnilk transmission would be observed as it was in this study.

Unfortunately, in this study, the samples were not well suited for viral load determination

so these types of analyses were not performed.

A particularly interesting fìnding of this study was the observation that the population of

children studied had a higher frequency of the polymorphism than adults (0.24 in children

as opposed to 0.18 in adults) regardless of HIV status (Figures l7A and 178). The

HIV/AIDS epidemic has raged in sub-Saharan Africa for 20 years, which is a very short

time by evolutionary standards. It is therefore unlikely that the virus itself has altered the

genetic makeup of Kenyans to this extent. It is, however, worth indicating that if the

altered CD4 868T causes a change to the immune system in some way, the children

possessing the polymorphism might be susceptible to various other infections including,

but not restricted to, HIV. Although it may seem counterproductive, this allele seems to

be in equilibrium in this population. One possible explanation could be attributed to the

concept of Darwinian Fitness. Darwinian Fitness assumes that if an allele can be carried

in an individual to reproductive maturity, it will not completely leave a population (82).

Therefore, if CD4 868T can be carried in members of this Kenyan population to

adulthood (for a variety of reasons including counter-acting HIV-l resistance factors) it

will be continuously maintained in the population. There are not enough generations in
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this study to properly assess whether or not HlV-directed selection pressure is at work on

this allele. There is also a possibility that this allele has an unknown positive role as does

sickle-cell anemia heterozygosity against malaria (83).

This study involved 3 populations derived from two cohorts. The first population

involved 364 women of a Kenyan commercial sex workers cohort. Follow-up in this

cohort continues from enrollment until the woman either dies or leaves the area and the

patients in the study have been followed for up to 15 years. Roughly 20o/o of cohort

participants become lost to follow-up. No selection bias was observed among our

subjects that were lost to follow-up or died. Frorn the second low-risk mother and child

health cohort, 285 rnothers and 257 children \ilere examined. New enrollment in this

cohort ended in 2000 but mothers and children continue to be followed, some for up to l0

years. Our study size is large enough to reveal effects generated by this particular genetic

polynorphism. Cohorts of smaller and similar sizes have been used to reveal prognostic

values of rnany pollrnorphisms with similar allele frequencies to CD4 868T including

CCR5A32, CX3CRI and MDR-I variants, IL-4 -589T and SDF1 -3'A (44,47,50,57).

The allele frequencies in some of these populations for example were 0.044-0.14 for

CCR5A32 studies and 0.21 for SDFI-3'A studies (84) while CD4 868T has an allele

frequency of 0. I 8 in our adult populations and 0.24 in our population of children.

HIV infection and disease progression are dependent on a combination of many factors,

none of which alone explain all cases. There are some rapid progressors identified in this

study that do not, in fact, have the CD4 868T polymorphisrn. These individuals may
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have other clinical factors or genetic polyrnorphisms that have affected their clinical

outcomes.

The mechanism of how the poll'rnorphisrn is associated with HIV susceptibility and

disease progression is not known. There are potential epidemiological explanations. It is

possible that those with and without the polymorphism differed in their exposure to HIV

or in their genetic background. Since the risk of HIV acquisition, rnade up of several

factors including condom use and HIV prevalence among sex workers clients, varied as a

function of time over the 20 years of the ML cohort, we sought to determine if those with

the polyrnorphism differed in tirne dependent variables. As indicated in Table 4, there

was no difference in their age, duration of prostitution or enrollment into the cohort,

suggesting similar levels of exposure. Table 4 also indicates the CD4 polynnorphisrn is

not associated with any particular tribal group. This suggests there the CD4

poll'rnorphism is not simply a marker of tribal genetic variation. The lack of association

with tribal origin also discounts any tribal differences in sex practices or HIV exposure

that could account for the association with HIV incidence and disease progressions.

Although our examination is by no means exhaustive, to date we have found no

demographic or behavioural link with the CD4 868T polymorphism.

To explain the association between CD4 868T and HIV incidence and disease

progression, there are also several potential molecular mechanisms worth investigating.

The amino acid change in CD4 that results from 868T is suspected to alter the tertiary

structure of the molecule, however, the effect on the function of the molecule is not
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known. The lack of OKT4 IgG binding to CD4 868T suggests this tertiary structural

change (64). One possibility would be an alteration to the nonnal function of the CD4

molecule causing an abnormal immune response by CD4+ cells resulting in an increased

sensitivity to any infection. These differences could be rnanifested in an altered binding

or capacity to activate cells (external changes) or in the ability of the molecule to initiate

its signal transduction cascade which results in the production of cytokines (internal

changes). External changes to CD4 could result in increased or decreased affìnity of

CD4 for its natural ligand. Chronic activation of CD4+ cells results in increased

activation induced cell death (85) so if CD4 868T has a higher affinity which causes

increased activation, or if the polymorphism somehow caused an increase in cytokine

production, it may be the cause of the differential CD4+ cell decline in 868T positive

patients. HIV proteins are known to interact with CD4 in the cell membrane. For

example, Nef has been shown to down-rnodulate CD4 and cause its targeting to the

degradative pathway thus increasing viral infectivity by an as of yet undescribed

mechanism (86). If CD4 868T affects the affinity of Nef for CD4, adifference in the viral

load and CD4+ T-cell decline could be an observed effect. Additionally, the efficiency of

gpl20 cross-linking CD4 on the surface of uninfected cells, which contributes to by-

standard apoptosis, may be different with the different CD4 isotypes (87, 88). If the

CD4 868T isotype has an increased affinity for gpl20, it is possible that it results in an

increased apoptosis of bystander T-cells as was observed by Holm et al wilh gpl20

mutants of HIV-I that had increased affinity for CD4 (89). The altered CD4 isotype

could affect the binding efficiency of gpl20 on HIV or possibly the coreceptor CCR5

which is constitutively associated with CD4 (90, 91). A more efficient gpl20 - CD4 -
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CCR5 interaction may result in increased sensitivity to infection during initial exposure

and, once infected with HIV, could result in more infected cells over several cycles of

virus replication and affect disease progression. As viral load has been highly correlated

with disease progression, the relationship between the polymorphism and viral load must

be examined. Unfortunately, in this study there were too few samples of sufficient

quality to perform a complete viral load analysis. It is also possible that the altered CD4

molecule encoded by the 868T SNP is not the cause of the effects shown in this study but

the polynorphisrn is in linkage disequilibrium with the true factor much like the

haplotype of CCR2b-641 and CCR5 promoter alleles (92). The CD4 gene is located on

chromosome 12 on the p ann at position 72, near the gene for B7-2. Further studies are

required to address the nature of the mechanisln of the association between CD4 8687

and HIV infection and disease progression.

The results of our study show that the CD4 868T polyrnorphism may have a significant

impact on HIV incidence, disease progression and mother to child transmission in these

two cohorts. Given the combination of high prevalences of both HIV and the 868T

pollrnorphism in African populations, the effect on the African epidemic could be

dramatic. Studies in other cohorts with differing modes of HIV transmission, ethnic

background, and HIV clades would be warranted. Further study of the mechanism of the

enhanced disease progression could help further elucidate the mechanism of HIV-l entry

and specifically the complex interaction between gpl20, CD4 and the coreceptors.

Studies on binding affinities of both wild type and 868T CD4 molecules would help

assess whether or not the CD4+ T-cell decline can be attributed to bystander apoptosis.
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Work involving visualization of the interaction and recruitment of molecules such as

coreceptors or viral proteins to the site of CD4 -gp 120 binding could also elucidate the

underlying reasons for the observations outlined in this thesis. Sedgh et al noted thaÍ.

breastfeeding increased maternal HIV viral load and decreased CD4+ T-cell numbers

(93)- Perhaps an interesting direction might be to look at whether or not a second or

subsequent child is more likely to be infected with HIV after one sibling is breastfed and

whether or not the CD4 868T polymorphisrn has a role in these observations.

The work detailed in this thesis shows that a SNP in the coding region of CD4, an

important protein of the immune system and the prirnary cellular receptor for HIV-1, is

associated with more rapid disease progression, an increased HIV incidence, a more rapid

CD4+ T-cell decline and an increased risk of breast milk transmission. To correlate these

results to a polyrnorphism of this frequency in a population with such a high prevalence

of HIV infection is an exceedingly important finding. In addition to possibly contributing

to the magnitude of the African pandemic, the involvement of CD4 868T in breast milk

transmission adds another somber warning against breastfeeding by HIV infected

mothers. Although this is a detrimental suggestion in Africa, it may be further

encouraged in the developed world among \¡/orìen of African descent who have other

feeding options available to them. It is also another indication that not only antiretroviral

drugs but also preventative measures such as premixed infant formula should be donated

to the developing world. Although this work could be viewed as discouraging, any

information that could lead to better and more accurate prognoses should be pursued.

This work contributes to the identification of predictive factors that may be used to
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develop novel treatment approaches and could be useful in the development of new

therapeutic agents.
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APPENDIX I - Solutions

lM Tris pH 8.0 - l00ml volume

15.769 Tris

adjust to pH 8.0 with NaOH

0.5M EDTA pH 8.0 - 100m1 volume

23.269 disodiurn EDTA-H2O

adjust pH with glacial acetic acid

TE buffer pH 8.0 - l00ml volume
(l0mM Tris, lmM EDTA)

lml of lM Tris

0.2m1of 0.5M EDTA

make up volume to l00ml with double distilled water

3M NaOAc pH 5.2 - l00rnl volume

40.81 g NaOAc

adjust to pH 5.2 with acetic acid
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Appendix 2 - Abbreviations

Ab - antibody

AIDS - acquired immunodeficiency sl,ndrome

ARMS-PCR - amplification refractory mutation system polynerase chain reaction

ART - antiretroviral therapy

Bmt - breast milk transmission

CCR5 - c-chemokine receptor 5

CD4 - cluster of differentiation 4

CI95 - confidence inferval95o/o

CTL - cytotoxic T-llnnphocyte

CXCR4 - cx-chemokine receptor 4

DNA - deoxyribonucleic acid

ddNTP - dideoxynucleotide triphosphate

dNTP - deoxynucleotide triphosphate

ELISA * enzylne linked immunosorbant assay

Env - envelope

g - gram

Gag - group specific antigen

gpl20 - glycoprotein 120 kDa

HAART - highly active antiretroviral therapy

HIV - human immunodeficiency virus (indicates HIV-l)

HIV+ - HIV infected

HIV- - HIV uninfected
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Ig - immunoglobulin

IL - interleukin

LTNP - long-term non-progressor

M - molar

MCH - mother-child health cohort

ML - commercial sex workers cohort

mg - rnilligram

mL - rnilliliter

MTCT - mother to child transmission

NRAMP - natural resistance associated monocyte protein

NTP- nucleotide triphosphate

O.R. - odds ratio

p - probability

PBMC - peripheral blood mononuclear cells

PCR- polymerase chain reaction

Pol - polynerase

R5 virus - HIV-I with CCR5 tropism

RP - rapid progressor

RT - reverse transcriptase

RNA- ribonucleic acid

sc - seroconverter

SIV - simian immunodeficiency virus

STD/STI - sexually transrnitted disease / infection
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T-cell - thymus-ori ginating lymphocy'te

pL - microlitre

?2 - Chi Square test

X4 virus - HIV-I with CXCR4 tropisrn

xg - tirnes gravity
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