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ABSTRACT:

Despite intense sexual exposure to the human immunodeficiency virus type 1

(HIV-1) a small group of women within the Nairobi Prostitute Cohort Study have

remained persistently HIV-I seronegative for at least 3 years. The goal of this project

was to determine if these women are resistant to HIV-I infection and if so, by what

mecha¡ism(s). HIV-1 gene amplification confirmed that the majority (91%) of those

women were truly uninfected. Survival analysis modelling of the time to seroconversion

of all initiatly seronegative prostitutes suggested that statistically these women should be

infected. Multivariate analysis suggested that HIV-I exposure factors (condom use and

tlie ¡ulnber of sex partners) and acquisition co-factors (sexually transmitted diseases)

could not account for the inverse relationship between exposure to HIV-1 and risk of

inf'ection. Considering that statistically these women should have been infected but were

not, and that differences in HIV-1 exposure or acquisition co-factors could not account

for this lack of infection, it was concluded that these women were resistant to HIV-I

infection. What was the mechanism of resistance? Analysis of the cDNA for the cellular

recepror for HIV-1, CD4, and in vitroHlY-l infection of peripheral blood mononuclear

cells suggested that the resistance to infection was not at the level of the susceptible cell.

HLA class I analysis showed that two alleles in particular, A.69 and Bl8, and the general

rarity of the HLA haplotype were significantly associated with remaining seronegative.

Cellular immune responses to HIV-I (cytokine production in response to HIV-I antigens

and HIV-l specifìc cytotoxic response) were present in resistant women but not low risk

seronegative controls. A small group of women within the Nairobi Prostitute Cohort

rnay to be resistant to HIV-l infection. Evidence from this study suggest resistance is

¡ot at the level of the susceptibile cell but may involve cellula¡ immune responses.
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INTRODUCTION:

A. Overview:

It has been estimated that by the year 2000 the human immunodeficiency virus

type 1 (HIV-l), the etiological agent of the acquired immune deficiency syndrome

(AIDS), will have infected 40-110 million people worldwide (Greene WC, 1993). V/ith

current therapies, most of those infected will develop AIDS within ten years and die

within two additional years (Rutherford GW, et al. 1990; Hessol NA, et al. L994).

Deaths due to HIV- 1 will have dramatic economic and social effects on endemic regions,

most of which are developing countries. Since the most economically productive portion

of the population (ages l5-49) has the highest prevalence of HIV-I infection (DeCock

KM, et al. 1990), it has been estimated that in some areas of Africa, l5-207o of the

labour force will die of AIDS (Anderson RM, et al. 1988). The social impact of the

AIDS epidemic in Africa will be unparalleled including an estimated 10 million orphans

(Anderson RM, et al. 1988). Despite wide spread public health education and control

programs, the rate of viral spread worldwide has continued to increase, especially in

Southeast Asia (Blattner WA, 1991; Merson MH, 1993). The continuing spread of HIV-

I in poorer countries emphasizes the need for effective prevention and lreatment

strategies. Scientists are currently debating the antigenic nature of a vaccine and which

portion of the immune system it should activate. A natural model of immunity to HIV-l

infection would provide direction for the development of an effective vaccine. In

Nairobi, Kenya we hav.e followed a group of prostitutes since 1985 (Plummer FA, et al.

1991; Simonsen JN, et al. 1990) and have observed that, despite intense levels of sexual
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exposure to HIV-1, some have remained persistently seronegative for up to nine years.

This thesis addresses the following questions: are these women resistant to HIV-I

infection and if so what is the mechanism of that resistance?

B. The Discovery of AIDS and the Etiological Agent:

In 1981 the Centers for Disease Control (CDC) in the United States reported a

cluster of ñve cases of Pneumocystis carin.íi pneumonia (PCP) in healthy men (CDC,

l98l). By the end of 1982 over 800 cases of PCP or other conditions associated with

immunodeficiency had been reported (Kaposi's sarcoma, mucosal candidiasis,

dissenlinated cytomegaìovirus infection and chronic perianal herpes simplex virus ulcers).

Initial cases were predominantly among homosexual men or intravenous drug users

(Gottlieb MS, et al. 1981; Masur H, et al. 1981; Siegal FP, et al. 1981) , however, by

the end of 1982 unexplained immunodeficiency related conditions were also found among

Haitian immigrants (CDC, 1982), haemophiliacs, transfusion recipients, sex partners of

risk-group nrembers and children born to mothers at risk (Kreiss JK, et al. 1985;

Chamberland ME, et al. 1984). A common feature among all of these cases was a

decreased in. vitro T cell response to mitogens and antigens. The epidemiological

evidence suggested that the etiological agent was infectious and was spread via blood,

blood products or genital secretions. The first identifications of a human retrovirus

(which was ternred lymphadenopathy associated virus LAV) isolated from a patient with

AIDS was by Luc Montagnier's group in 1983 (Barre-Sinoussi F, et al. 1983; Chermann

JC, et al. 1983). In 1984 Robert Gallo (Gallo RC, et al. 1984; Popovic M, et al. 1984)
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and Jay Levy (Levy JA, et al. 1984) also isolated a retrovirus (which they named human

T-lymphotrophic virus type III, I{TLV-ru and AlDS-associated retrovirus, ARV,

respectively) from individuals with AIDS. With increasing epidemiological evidence and

the acceptance that retroviruses often have extremely long clinical latency periods, it

became generally accepted that this human retrovirus (renamed human immunodeficiency

virus type 1, HIV-I) was the etiologic agent of AIDS. In 1986 a similar virus (termed

HIV-2) was isolated in West Africa (Clavel F, et al. 1986) and shown to cause AIDS,

although the virus was less infectious and clinical latency was longer (Marlink R, et al.

1994). The rnost important scientific accomplishment in dealing with the AIDS pandemic

was the development of a serological test to determine who was infected (Sarngadharan

M, et al.1984).

C. Transmission of HIV-I and the Disease AIDS:

HIV-l is transmitted horizontally through blood and blood products (transfusions,

clotting factors and contaminated intravenous needles), genital secretions (sexual

intercourse) and vertically from mother to child in u.tero, during delivery or by breast

milk (Goedert JJ, et al. 1988; Rossi R., 1992). Although the earliest cases of AIDS in

the U.S. were predominantly found among homosexual men, today the virus is primarily

transmitted through heterosexual contact (DeVincenzîI., 1994). Protection against the

acquisition of HIV-1 is increased by the screening of blood donors, the use of condoms

during sex, and the use of clean needles. If a pregnant women is infected, administration

of 3'-azido-3'-deoxythymidine (AZT) during pregnancy as well as the avoidance of breast
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feeding, if practicai, ffiây reduce the risk of transmitting the virus to the child-

After infection with HIV-I, many patients (50-70%)(Pantaleo G, et al. 1993b)

experience an acute infection which is characterized by mononucleosis-like symptoms

(fever, rigors, malaise, anorexia, nausea, swollen glands or sore throat) that persist for

a week or two before disappearing completely (Ho DD, et al. 1985). This acute

infection occurs before a humoral immune response to HIV-I can be generated (Cooper

DA, er al. 1987). The time from infection until antibodies can be detected is called the

"window" period. During the window period, the level of virus in the blood (viraemia)

starts to increase (Cooper DA, et al. 1987). For this reason, the window period

represents a signifìcant problern for blood banks. Virus levels continue to rise until

cellular and humoral immune responses develop and viraemia declines, often below the

level of detection using the most sensitive methods. This is followed by clinical latency,

which is the time that HIV-I infected patients display no overt symptoms or signs of

disease. The clinical latency period can last from months to years with a median of 8-10

years in industrialized nations (Bacchetti P, et al. 1989) and only 3.5 years among

women of the Nairobi Prostitute Cohort (Anzala OAO, et al. 1994). The predominant

rnarker of HIV-I infection is the gradual loss of CD4+ T lymphocytes from the

peripheral circulation, which may account for the subsequent immunodeficiency and

opportunistic infèctions. Pantaleo G, et al. have hypothesized that the structural integrity

of the lymph node decreases gradually until it can no longer filter virus out of the blood

and viraemia once again increases. The definition of AIDS has evolved to include three

requirements a) the presence of HIV-l or HIV-2 antibodies, b) less than 200 CD4+ T
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lymphocyte per ml blood and c) a least one AIDS defining illness. AIDS defining

illnesses include Pneumocystis carinü pneumonia (PCP), mucosal candidiasis,

disseminated cytomegalovirus infection, chronic perianal herpes simplex virus ulcers,

tuberculosis, Kaposi's sarcoma, and neurological manifestations such as dementia. Death

is characterized by severe wasting and an eventual overwhelming of the immune system

by an opportunistic infection (Chaisson RE, et al. 1990).

D. HIV-I the Virus:

HIV- I is a member of the retroviridae family of viruses and was the third human

retrovirus discovered. Human T lymphotrophic virus types I and II were discovered

earlier by Gallo and colleagues (Poiesz BJ, et al. 1980; Kalyanaraman VS, et al. 1982).

Retroviruses are characterized by two identical RNA genomes that are transcribed into

DNA by a virally encoded RNA dependent DNA polymerase termed reverse

transcriptase. The genome of retroviruses contain at least three genes BaB, pol and env.

The virion itself is about 100 nm in diameter and enveloped. There are three subfamilies

of retroviruses, the Oncovirinae (eg. HTLVs ), the Lentivirinae (eg. HIVs (Chiu I-M,

et al. 1985)) and the Spumavirinae (eg. simian foamy virus). Lentiviruses are

characterized by having extremely long incubation periods before disease onset (clinical

latency). They also have complex genomes that include additional genes other than gø9,

pol and en.v, many with regulatory functions. HIV-1 has six additional genes that will

be described in detail later.

HIV-I is ll0 nm in diameter and contains an outer lipid membrane that it
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acquires from the cell during budding. The lipid membrane not only contains HIV-I

proteins but also carries cellular proteins such as MHC class I and II proteins (Arthur

LO, et al. 1992). Like all other retroviruses, HIV-I has three major structural genes

(gag, pol, and env) that produce proteins which are assembled to form a mature virion.

^lhe env gene produces two glycosylated proteins, gp4l, which inserts itself into the lipid

membrane, and gpl20, which forms a spike on the outside of the virus and is non-

covalently bound to gp41. The gag gene product is translated as a single polyprotein that

is cleaved into four smaller nucleocapsid proteins (pI7, p24, p9 and p7) after budding

from the infected cell. The nucleocapsid is composed of an inner and outer protein core.

The outer core is composed of the myristylated matrix protein pl7 that binds to the inner

surface of the envelope. The inner core consists of three proteins; p24, p7 which binds

directly to the RNA genome, and p9. These components are termed the nucleocapsid

core. Also found within the inner core are the products of the pol genei reverse

transcriptase (RT), protease and integrase. These proteins cleave viral polypeptides

(protease), transcribe the RNA genome into DNA (RT) and then integrate the DNA

provirus into the chronrosome of the newly infected cell (integrase). HIV-I has six

additional norl-structural genes; vf (viral infectivity factor), vpr (viral protein R), vpu

(viral protein U), rur (trans-activator of transcription), rev (regulator of virion

expression), and nef (negative effector function). Vif increases viral infectivity (Strebel

K, et al. 1987), tat regulates viral transcription (Arya SK, et al. 1985), rev regulates

viral mRNA splicing (Feinberg MB, et al. 1986), and nef s function as a regulator of

transcription (Luciw PA, et al. 1987) is not observed in all cell types tested (Hammes
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SR, et al. 1989). Although the exact mechanism of action is unknown, upr may play a

transcriptional regulatory role (Cohen EA, et al. 1990). vpu is thought to be important

in viral assembly and/or release and may function through an intracellular association

with the CD4 molecule (Klimkait T, et at. 1990).

E. Species Specificity:

Humans are the only known species that after infection with HIV-I disease

develops. Chimpanzees can be infected but they do not develop significant

immunological abnormalities or disease (Desrosiers RC, et al. 1987). The only

experimental animai models are immunodeficient mice reconstituted with aspects of the

human immune system (SCID/HU mice) (McCune JM, et al. 1988; Aldrovandi GM, et

al. 1993), and other mamnials (cats and macaques) that can be infected by their own

retroviruses (feline immunodeficiency virus, FIV, and simian immunodefrciency virus,

SIV, respectiveiy) which may cause a disease similar to AIDS (Gardener MB, et al.

1989; Bennett M, et al. 1992; Miller CJ, et al. 1989).

F. The Life Cycle:

The initial events in the life cycle of HIV-1 are to bind to a receptor and enter the

susceptible cell. Although alternative cellular receptors for HIV-1 have been identified

(Bhat S, et al. 1991; Schneider-Schaulies J, et al. 1992) the CD4 molecule has the

highest aff,rnity, (1O-eM), and is believed to be the major receptor (Deen K, et al. 1988).

CD4, a 55 kilodalton (kDa) member of the immunoglobin supergene family, consists of
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an N-terminal extracellular region containing a leader sequence and four immunoglobin-

like domains, a transmembrane region, and a cytoplasmic region that is highly charged

and known to interact with the intracellular tyrosine kinase p56** (Maddon PJ, et al.

1987; Veillerte A, et al. 1988). CD4 is found in high concentrations on T lymphocytes

but is also found at lower levels on macrophages (Levy JA, 1993). The first

experimental evidence suggesting that the CD4 molecule was the major cellular receptor

fbr HIV-1 originates from the observation that a non-susceptible CD4- human cell line

(HeLa) was made susceptible to HIV-I infection by the transfection of a plasmid

containing the CD4 cDNA (Maddon et al. 1986). CD4 amino acid residues 4l-55, a

region homologous to complementary determining region two (CDR2) of immunoglobin

light chains, are responsible for the high affinity binding to gp120 (Arthos J, et al. 1989).

The region of gpl20 that interacts specifîcally with CD4 is in the fourth conserved region

near the carboxy terminus (amino acid residues 41.3-447) (Lasky LA, et al. 1987; Pollard

SR, et al. 1991). Although the interaction with CD4 is specific, it is not sufficient to

permit entry of the virus into a cell. The requirement for a second surface protein was

Frrst suggested by the observation that transfection of a CD4 plasmid into a mouse cell

would not render it susceptibte to HIV-1 infection (Maddon PJ, et al. 1987). Recently,

CD26 has been suggested as this second necessary molecule (Callebaut C, et al. 1993),

however, this has been disputed (Broder CC, et al. 1994; Patience C, et al. 1994;

Camerini D, et al. 1994; Alizon M, et al. 1994). One hypothesis suggests that after

birrding to CD4, gpl20 undergoes conformational changes that result in the cleavage of

the third variable region (V3). This cleavage exposes the fusogenic region of gp41 to
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a cellular fusion protein (CD26?) and membrane fusion is initiated, resulting in the entry

of the viral core into the cytoplasm of the cell (Sattentau QJ, et al. 1991; Gallaher WR,

1987). Once inside the cell viral reverse transcriptase (RT) transcribes the viral RNA

genorne into a single strand of DNA. However, the fidelity of this process is low and

the misincorporation rate is thought to be 1 in 10,000 base pairs. It is this high error

rate that gives HIV-I its immense sequence diversity, especially in the envelope region

(Coffin JM, 1990). After reverse transcription, the RNAse H function of RT digests the

RNA from the RNA/DNA hybrid allowing RT to cornplete the complementary DNA

strand. Viral integrase then inserts the DNA copy of HIV-I into a random location on

the chromosome (Vaishnav Y, et al. 1991). HIV-I is now in its proviral form and may

remain latent until the cell becomes activated. After activation, cellular and viral

rranscriptional regulatory proteins initiate transcription with RNA polymerase II. The

transcriptional regulation of HIV-l is extremely complex and involves viral and cellular

transcriptional regulators. An in depth description is beyond the scope of this review.

However, a brief description of the functions of the viral regulatory protein is necessary

to appreciate the complexity of the regulation in this virus.

Tat protein is essential for transcription of HIV-I and achieves this by binding to

a 5' region of the transcript called the ta.ns-activation response (TAR) element. Tat

serves to destabilize a stem loop structure that, in the absence of Tat, impedes RNA

polymerase II elongation. Full length viral transcripts are translated into structural

proteins while multipl¡r spliced viral transcripts are translated into regulatory proteins.

The Rev protein functions by binding to a region of the HIV-1 transcript (Rev responsive
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element, RRE) and removing it from the nucleus before splicing takes place thus

increasing the amount of structural protein translated. Cellular factors are also important

in the regulation of viral transcription (NF-KB, Sp1, HIVEN 864, NFAT-I, and AP-1)

(Vaishnav Y, et al. 1991). The function of Nef is not known, however, some have

postulated that its role is in establishing viral latency (Luciw PA, et aI. 1987; Folks TM,

et at. 1992). If latency is not established viral transcription by the above factors is

initiated.

After transcription of full length viral mRNA, the structural proteins are

transìated. The gøg gene product is the 55 kDa capsid polyprotein that is proteolytically

cleaved into its constituent parts (p17, p24, p9 and p7) during viral budding. The viral

genome (unspliced viral mRNA) is included in the virion by a specif,rc interaction

between its 5' end and the capsid polyprotein (p9) which contains the RNA packaging

orPSlsequence(Aldovini A,etal. 1993). Thepolgeneproductsareproducedfromthe

sarne mRNA species that produce the core polyprotein. The gag and pol gene products

are in two separate translational reading frames. When read in the ga.g frame stop

codons at the 5' end of the pol gene terminate translation. However, at the 3' end of

the ¿4a.g rnRNA a ribosomal frame shift event takes place (estimated frequency 5Vo), as

a result of a ribosomal slippage sequence (AAAUUUUAU) that causes the ribosome to

start reading the - I reading frame (relative to ga.g) thus permitting the complete

translation of the 160 kDa gag-pol polyprotein (Wilson W, et al. 1988; Jacks T, et al.

1988). This mechanism results in the production of more capsid proteins than the

enzymatic proteins of the pol gene (20:I). Both the ga.g and gag-pol polyproteins are
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closely associated with the cell plasma membrane by virtue of an interaction between the

cell membrane lipid and the highly hydrophobic myristillated amino terminal p17. The

product of the env gene is a glycosylated 160 liDa polyprotein that is cleaved in the golgi

apparatus generating gp41 and gpL20. The gp41 protein is inserted into the plasma

membrane and gp120, non-covalently associated with 9p41, extends from the membrane

like a spike. The complex of gag, gag-pol polyproteins and viral RNA assemble into a

closed spherical particle which buds through the gp4llgpl20 studded plasma membrane.

During the budding process the viral polypeptides are cleaved into the individual proteins

(pl7 , p24, p9 , p7 , protease, reverse transcriptase and integrase) by the viral protease and

assembìe into the core proper. This mature viral particle is now capable of infecting a

susceptible cell (Vaishnav Y, et al. 1991).

G. The fmmune Response to HIV-I Infection:

Gi. Humoral Immune Response:

After infection by HIV-1, the vast majority of individuals respond by developing

a humoral immune response that is detected by current enzyme immunoassay (EIA)

systems (PanL-2, etal. i991; BruistenSM,etal. 1992; LeeT-H,etal. 1991;Yerly

S, et al. 1991; Nielsen C, et al. 1991;V/illerford DM, et al. 1993). HIV-I specific

humoral IgM and IgG antibodies usually develop within l-3 and 2-6 weeks post infection,

respectively (Tindall B, et al. 1991). Many reports have described antibodies which were

capable of neutralizing HIV- I infection in vitro (Levy JA, 1993). Six main neutralization

sites liave been identihed, flve in gp120 and one in gp|l. The best known neutralization
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site is at the crown of the third variable region (V3) of gpt20 (amino acids 308-322)

which is also known as the principal neutralizing domain (PND). In general the V3 loop

is highly variable, however, the PND portion is highly conserved among many strains

(Berman PW, et al. 1992). Neutralization directed at V3 does not interfere with CD4

binding but is thought to involve inhibition of proteolytic cleavage of V3 which may be

important for conformational changes that allow gp41 to initiate membrane fusion

(Sattentau QJ, et al. 1991). The CD4 binding region (amino acids 413-447) is also a

major neutralization site and is thought to be conformationally dependent (Kang C-Y, et

al. l99l; Steimer JS, et al. 1991). Strains with different V3 regions can be neutralized

by the same antibodies directed against the CD4 binding region. Neutralizing antibodies

can also be generated against non-protein portions, such as carbohydrate moieties of the

glycosylated gp120. Their effect is thought to alter the conformation of gp120 thus

interfering with binding or fusion events. The second conserved region and the second

variable region of gpl20 have also been reported to be sites of antibody neutralization

(Levy JA, 1993). There have also been reports of neutralization sites on gp41 (Robinson

WE Jr, et al. 1991) that are made more accessible after soluble CD4 binding. It has

been hypothesized that the conformational alteration, after CD4 binding, is necessary for

gp4l initiated fusion (Sattentau QJ, et al. 1991). HIV-1 specihc serum antibodies are

effective at neutralizing viral strains in vitro that were isolated from the same individual

(autologous) at an earlier time point. They are also effective at neutralizing isolates from

other individuals (heterologous). However, neutralizing serum antibodies are not

effective against autologous virus isolated at the same time as the serum is collected (von
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Gegerfelt A, et al. 1991). This observation draws into question the clinical significance

of neutralizing antibodies. It has been hypothesized that HIV-I is able to alter its

envelope structure to escape detection by the immune system and the antibodies are

always one step behind. Vaccination with a single 9pI2011.60 molecule would

theoretically protect only those individuals who came into contact with a virus that had

a very similar envelope structure. It has been observed that individuals given a

reconrbinant gp120 vaccine in efficacy trials have subsequently become infected by HIV-

l, drawing into question the protective value of a humoral immune response to a single

gpl20 isolate. For this and other reasons, the large US clinical trials for recombinant

gp|20 have been cancelled (Cohen J, L994).

Non-neutralizing antibodies may also be important in controlling HIV-1 infection.

IgG antibodies that bind to gpl20 and gp41 covered cells can be recognized by the Fc

receptors (FcRIII or CD16) on the surface of natural killer cells (NK) or monocytes.

These NK cells then lyse the infected cells through a mechanism similar to cytotoxic T

cells (Yagita H, et al. 1992). Whether this antibody dependent cellular cytotoxicity

(ADCC) is clinically important is not known, however, ADCC antibodies are present

throughout the course of infection (Evans LA, et al. 1989) and, to date, have not been

correlated with protection. In both ADCC and neutralization, the only target of the

antibodies are the highly variable envelope proteins. This extreme variability makes the

development of envelope based vaccines problematic.
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Gii. Cellular Immune Response:

The cells of the cellular immune system are Natural Killer (NK) cells, CD4+ T

lymphocytes (CD4f T cells) and CD8+ T lymphocytes (CD8+ T cells). NK cells kill

HIV-I infected cells through a non-MHC restricted mechanism. The major mechanism

of NK killing is thought to be ADCC-mediated (Abbas AK, et al. 1991). Two

mechanisrns of NK mediated ADCC are known. The major mechanism occurs when

antibodies bound to HIV-l envelope proteins, are recognized through Fc receptors on the

surface of the NK cell. The second occurs when unbound anti-envelopeantibodies first

bind to the NK Fc receptor (FcRIII or CDl6) then the complex recognizes and binds to

an HIV-I intècted cell. In both cases the recognized cell is lysed by perforins,

cytotoxins, serine esterases and proteoglycans (Abbas AK, et 41. 1991). The level of

ADCC specific antibodies does not correlate with disease progression, however, the

function of the NK cell does decline as disease progresses (Fontana L, et al. 1986). This

dysfunction can be reversed by the addition of interleukin type 12 (IL-12) which may

suggest a role of regulatory type I helper cells (IHl) (Chehimi J, et al. 1992).

CD4+ T lymphocytes can direct the specif,rc immune response by the release of

specifìc cytokines (T helper function, TH) or they can become the effector cells and lyse

specific targets. Although the majority of MHC restricted HIV-I specific killing is

CD8+ T cell mediated, there have been several reports of MCH class II restricted HIV-I

specific CD4+ T cells having direct cytotoxic effects on target cells (Orentas RI, et al.

I990; Curiel TJ, et al. 1993).

In hurnans, the helper function of CD4* T cells (TH) can be divided into two
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types, as has been described in mice (Mosmann TR, et al. 1987). THl cells produce

cytokines (interferon gamma (zIFN¡ and interleukin two (IL-2)) that enhance the cellular

immune response. TH2 cells produce cytokines (IL-4,IL-6, and IL-10), that enhance

humoral immune responses (Seder RA, et al. 1994). There is cross regulation within the

cytokines (IL-4, IL-10 and IL-L2) such that the predominance of one type of helper

response will suppress the other. This is the basis for the hypothesis (Clerici M et al.

1993a) that a THI dominant cellular response is protective and after switching to a'ITIZ

dominant antibody response, cellular immune responses are suppressed and the individual

becomes susceptible to HIV-1 infection. Data to support this hypothesis come from

several observations. THI responses are found predominantly among healthy

asymptomatic HIV- I seropositive individuals but this function is lost as disease

progresses and a TH2 response dominates (Barcellini W, etal. 1994; Shearer GM, et al.

1991; Clerici M, et al. 1993c). This loss of THI function can be reversed invítroby

the addition of the THI cytokinelL-12 (Clerici M, et al. 1993b) or by the presence of

antibodies against TH2 cytokines IL-4 and IL-10 (Clerici M et al. 1994c). Many groups

have observed that HIV-1 exposed but uninfected individuals have THI CD4+ T cells

that have immune memory to HIV-I antigens, as measured by proliferation and lL-2

production. This observation has been made for gay men (Clerici et al. 1992), health

care workers (Clerici M, et al. 1994b) , children born to HIV-I seropositive mothers

(Clerici M, et al. 1993; Borkowsky W, et al. 1990) and partners of HIV-I infected

persons (Kelker HC, et. al. 1992). Although there is much support in the literature, some

groups are not convinced that there is a THl to THZ switch during HIV-I disease
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progression (Graziosi C, et al. 1994;Maggi E, et al. 1994). Considering the degree of

exposure to HIV-I in the seronegative groups was fairly low and the risk of HIV-1

infection per exposure is far less than 1.0, it is not known if the TH1 immune response

is protective or if the exposure was simply insufficient to establish an infection. A study

of THl immune responses among individuals so highly exposed to HIV-I that they

should be infected would provide a better correlate of protection. Additional evidence

supporting the protective effects of a THI response over a TH2 response comes from

animal studies. Mice vaccinated with low subinfectious dose of an infectious pathogen

(Leishmania major) produce a THI response while high doses of the pathogen result in

TH2 responses. Subsequent challenge by high doses of the live pathogen show that only

the low dose THI mice were protected (Bretscher PA, et 
^1. 

1992). Recently these

experiments have been repeated in macaques (Clerici M, et al. 1994). Infection with low

subinfectious and high infectious doses of simian immunodeficiency virus (SIV) result in

the animals developing TH I or TH2 responses, respectively. After subsequent challenge

with high doses of live SIV, only those exposed to low dose were protected. Additional

evidence for CD4 * mediated cellular response in the absence of antibody production has

recently been described for another human retrovirus HTLV-I (Nishimura M, et al.

1994). CD4+ T cells provide important help to the two effector arms of the immune

response (cellular and humoral) and themselves have the ability to become effectors.

Like the CD4+ T cell, CD8+ T cells have two distinct functions in HIV-I

infection. The first is the ability of CD8+ T cells to repress HIV-1 replication without

lysing the infected ceìl (Walker CM, et al. 1986; Mackewicz C, et al. 1992). A soluble
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factor, that has not been identified, is thought responsible for the inhibition (Walker CM,

et al. 1989). The second activity of CD8* T cells is to directly kill Hry-i infected cells

in a MHC class I restricted manner. CD8+ cytotoxic T cells (CTL) achieve killing by

either the perforin pathway that lyse the cell by putting holes in the membrane, or the

recently discovered fas pathway which induces programmed cell death (apoptosis) and

results in chromosomal breakdown and membrane permeability (Kojima H, et al. 1994).

CTL activity is known to be very irnportant in the clearance of certain viral infections

such as lyrnphocytic choriomeningitis virus (LCMV) and influenza A virus (Byrne JA,

et al. 1984; Lin YL, et al. 1981). The first HIV-I specific CTL activity was described

in 1987 (Walker BD, et al. 1987; Plata F, et al. 1987). The HIV-I antigens presented

to the CD8+ CTI- are in the form of peptides, about 9 amino acids long, that are bound

in the peptide binding grove of MHC class I proteins on the surface of the infected cell

(Falk K, et al. 1991). Since the HIV-I antigens are produced from the proteolytic

cleavage of any internally produced protein (endogenous pathway) non-surface exposed

proteins of the HIV-I virus can become tårgets for CTL activity. This provides a

tremendous advantage over antibodies which can only functionally interfere with virus

binding and tision (gpl20 and gp41). CTL epitopes have been described from gag, pol,

env, ne.t'', and vif encoded proteins (Nixon DF, et al. 1992). Despite the general

irnmunosuppression associated with HIV-1 infection, anti-HIV CD8+ CTL activity is

exceptionally high. This activity is initially observed during acute infection and remains

at a high level during the asymptomatic stage. Some groups feel the HIV-1 specific CTL

activity declines with disease progression (Carmichael A, et al. 1993) , however, others
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are able to detect HIV-I specific CTL activity even at an advanced disease stage when

rhe number of CD4* T cells is low (Grant MD, et al. 1992). HIV-I is the only known

infection that the CTL response can be detected in fresh PBMC without the need fot ín

yirro restimulation step (Watker BD, et al. 1994; Grant MD, et al. 1992). In addition

to the THl vs TH2 hypothesis, evidence that cellular immune responses may be

important in preventing HIV-1 infection comes from the acute stage of HIV-l infection.

At this time the level of viraemia increases and then declines drastically with the onset

of humoral and cellular imrnune responses. David Ho has evidence to suggest that

cellular immune responses develop before neutralizing antibodies and are associated with

the decline in virus levels (reviewed by Walker BD, 1994). Cellular responses may

therefore corìtrol HIV-I during the asymptomatic period until CD4* cell number

declines and immune dysfunction sets in or until the virus escapes CTL detection

(Phillips AN, et al. 1991). There is suggestive evidence that CTL may be protective

against HIV-I infection. Recently, the presence of HIV-I specif,rc CTL in HIV-I

exposed but uninfected individuals has been demonstrated. Two groups (Cheynier R, et

al. 1992; Rowland-Jones, et al. 1993) reported the identifîcation of HIV-1 specific CTL

in uninfected children born to HIV seropositive mothers. The children were shown to

be uninfected by HIV-l by the sensitive polymerase chain reaction (PCR). Another study

has shown that the regular sex partners of HIV infected persons had HIV-1 nef speciftc

CTL although they were seronegative and PCR negative (Langlade-Demoyen P, et al.

1994). However, much like the CD4* studies, the degree of exposure to HIV-1 is not

known and rherefore it is difficult to differentiate between protection and insufficient
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exposure to cause an infection.

In addition to CD4+ MHC class II and CD8* MHC class I restricted CTL there

also is an HIV-I enveiope specific non-MHC restricted cytotoxic response (McChesney

M, et al. 1990).

Giii. Allo Immune Responses and HIV-1:

Individuals can beconre exposed to non-self HLA antigens by maternal exposure

to fètal blood, transfusions, organ transplantation or exposure to sperm (Mavligit GM,

et al. 1984). Molecular analysis has demonstrated portions of HIV-1 envelope proteins

share sequence similarity with HLA antigens suggesting the presence of molecular

mimicry (Dorak MT, et al. 1994; Hounsell EF, et al. 1991). This similarity has resulted

in antibodies raised against the non-self HLA antigens (allo antigens) cross reacting with

envelope proteins (Golding H, et al. 1989; Young JAT, 1988; Bjork RL Jr., l99l;

Lopalco L, et al. 1993). In the macaque system, immunization with wholehuman cells

has been shown to provide protection from subsequent challenge of SIV (Stott EI, 1991).

The protection was correlated with antibodies to HLA class I antigens on the human cell

Iine but only if the challenge SIV was grown in the same human cell line as that used as

a vaccine (Chan WL, et al. 1992). HIV-1 cross reacting cellular allo immune responses

have also been described (Clerici M, et al. 1993d). These cross reacting allo responses

are particularly interesting considering the envelope of HIV-1 contains cellular proteins

including HLA class I and II proteins (Arthur LO, et al. 1992; Meerloo T, et al. L993).

An HIV-1 cross reacting allo response has the potential of recognizing HLA molecules
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on both the infecting ceil and free virus. Alloimmunization has even been suggested as

an AIDS vaccine (Shearer GM, et al. 1993). Conversely, if HIV-I induced antibodies

recognize self HLA antigens, the potential exists for those cells to be eliminated by

ADCC or their function blocked and result in immune dysfunction.

Currently it is not known whether these immune responses are important in

preventing the acquisition of HIV-1 infection or disease progression (Walker BD, 1994).

Until protective immune responses to HIV-1 are characterized, vaccine development will

be based on an inadequate scientific and biologic foundation.

H. The HLA Antigens and HIV:

Class I and II genes of the major histocompatibility complex (MHC) encode the

human leukocyte antigens (HLA). These genes are the most polymorphic genes within

the human genome and the HLA proteins are essential for specific immune recognition.

The function of the HLA molecules is to bind to peptides of proteolytically cleaved self

and foreign proteins and present them to T lymphocytes of the immune system (Abbas

AK, et al. 1991). Class I HLA antigens present peptides to CD8+ T lymphocytes and

class II HLA antigens present peptides to CD4+ T lymphocytes. T lymphocyte

education in the thymus ensures that only the foreign peptides are recognized, except in

cases of autoimmunity. There are threæ types of HLA class I proteins designated A, B

and C and three main types of HLA class II proteins called DR, DQ, and DP. Each of

these six HLA genes is polymorphic and may have as few as five (HLA DP) or as many

as 59 (HLA B) alleles (Abbas AK, et al. 1991). The number of alleles has been defined



2L

serologically but with highly sensitive genetic screening methods the number of alleles

is growing continuously. Each one of these alleles binds to a different group of peptides

defined by specific anchor residues. For this reason, two cell populations with different

HLA haplotypes will present two different sets of peptides to their T cells. Geneticists

have argued that this varying ability to present different portions of the same protein to

the immune system ensures that all individuals in a population do not respond in the same

ûìanner to the same pathogens. This may provide a selective advantage to the population

as a whole (Doherty PC, et al. 1975). An example of an infectious pathogen that has

exerted selective pressure on the polymorphism of the HLA is malaria. Hill AVS, et al.,

l99l have described particular HLA antigens (HLA Bw53 and the DRB1*1302-

DQBl*0501 haplotype) whose frequencies are highly associated with a lack of severe

malarial disease. The authors suggest that these alleles are associated with less severe

infèction because the HLA antigens they encode are able to present particular

Plnsntodium falciparum (the etiological agent of malaria) epitopes to CD8* CTL and

CD4+ helper cells that result in a more efficient cellular immune response, hence

signif,rcantly reducing the severity of disease and increasing survival. The associated

alleles are common irr West Africa but rare in parts of the world where malaria is not

endemic. The authors conclude this supports the view that the extreme polymorphism

seen in the MHC class I and ll genes is the result of'selective pressure from infectious

pathogens.

HLA antigens are not only associated with infectious pathogen but also with

autoimmune diseases (Lepage V, et al. 1993). Insulin dependent diabetes mellitus
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(IDDM), rheumatoid arthritis (Paul WE, 1993) and anþlosing spondylitis (Ebringer H,

1990) have been associated with HLAs DR3-DR4, DR1-DR4-DR6, and 827,

respectively. Although the HLA association between these and many other autoimmune

diseases have been determined, the molecular mechanisms of HLA involvement is still

largely unknown.

Due to the potential for variable immune responses from different HLA alleles,

the role of HLA in HIV-I disease has been investigated. Much like the malaria

association, researchers first determined if there was an HLA association with

progression to disease in HIV-l infected individuals. It was observed among Edinburgh

haemophiliacs given a single lot of HIV-I contaminated factor VIII or IX, that there was

a differential rate to HIV-I disease (Simmonds P, et al. i988). Simmonds and co-

workers HLA typed HIV infected haemophiliacs to investigate the role of HLA on

disease progression. They found that a particular haplotype (41,88, DR3) was

associated with rapid progression to disease (Steel CM, et al. 1988). This haplotype has

also been associated with disease progression in a cohort of American homosexual men

(Kaslow RA, et al. 1990). Other groups have found associations between specific AIDS

defining illnesses and HLA haplotypes. DR5 showed a strong association with the

development of Kaposi's sarcoma (De Paoli P, et al. 1986; Pollak MS, et al. 1984:'

Prince HE, et al. 1984) and lymphadenopathy syndrome (Jeannet M, et al. 1989; Enlow

RW, et al. 1983; Raffoux C, et al. 1987) especially in people of Mediterranean or

Ashkenazi Jewish backgrounds. The 835, CW4, DR2 haplotype and DR3 allele have

been associated with opportunistic infection in patients with AIDS (Jeannet M, et al 1989;
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Potlack MS, et at. 198a). HLA 835 and DRl have been independently associated with

disease progression (Itescu S, et al. l99L; Jeannet M, et al. 1989; Mann DL, et al.

i988).

Several studies have investigated HLA associated susceptibiliry to infection by

HIV-I. Some have not found associations (Jeannet M, et at. 1989; Enlow RW et al,

1983; Steel CM, et al. 1988) while others have. There was a positive association

between seroconversion and children (born to HIV-1 infected mothers) who possessed

certain HLA DPBI alleles, ie. susceptible alleles. These alleles were defined by asp-glu-

ala-val amino acids at positions 84-87. There was a negative association with HIV-1

infèction and the HLA DQAI allele 0102, ie. a protective allele. The presence of

susceptible alleles and the absence of the protective allele resulted in a much higher risk

of infection, odds ratio 16.25 (Just J, et al. 1992). In an Italian study of 61

haemophiliacs, 50 heterosexual partners of HIV-1 seropositive individuals and 36

children born to HIV-I positive mothers HLA 852 and P,44 were associated with

resistance to infection with HIV-I while 851 was associated with susceptibility to

infection (Fabio G, et al. 1992). The mechanism of HLA associated resistance to HIV-1

infection or disease progression remains unknown. Due to the biological function of the

HLA antigens, [o present foreign peptides to the immune system, it is possible that

particular HLA antigens are better able to present protective epitopes to the immune

system. However, it is also possible that the HLA antigen is acting as a marker for a

protective factor, such as complement proteins or cytokines which are in linkage

disequilibrium with the HLA allele (Cameron PU, et al. 1990; Jacob CO, et al. 1990).
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Many apparently unrelated HLA antigens are involved in the HLA associations

with susceptibility to infection and progression to disease. This is not surprising since

the frequencies of HLA alleles found among various populations varies greatly (Paul WE,

1993). It has been suggested that the immune system applies selective pressure on viral

isoiates such that those not recognized become predominant (Cailahan KM, et al. 1990;

Phillips RE, et al. 1991). If the HLA allele frequencies vary among populations, it can

be hypothesized that over time the viral isolates will evolve to survive among the

predominant HLA alleles of that population. Theoretically, a given HLA allele may be

able to present an effective CTL epitope from one sub-species of HIV-I but a

geographically separate sub-species may not contain that epitope and, therefore, the

presence of that HLA allele would not be protective. Regardless of the mechanism, it

seems clear that susceptibility to HIV-1 infection or disease progression is at least in part

controlled by HLA associated factors or the HLA antigens themselves.

I. Examples of Resistance in Other Systems:

There are many other examples of resistance to infectious agents. Some of the

resistance mechanisms are natural or innate while others are learned or acquired through

the immune system. Three innate resistance mechanism have been well characterized in

the murine system.

The fìrst example of resistance has recently been described in mice for

Mycobauerium speci¿s (Vidal SM, et al. i993). Inbred strains of mice often differ in

rheir susceptibility to infection by Mycoba.cterium sp. The resistance trait has been
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mapped to adominantlocus on chromosome l, Bcg, and has been shown to functionin

the macrophage early in infection (Skamene E, et al. 1991). A 400 kbp portion of the

genome known to include Bcg contained six open reading frames. One of the open

reading frames, Nramp, expressed solely in macrophages, was the leading candidate for

the resistance gene. Nramp is an integral membrane protein that shares structural

homology with other known transport systems. The association between Nrarnp and

resistance was strengthened because susceptible strains of mice all possess a gly*¿5p

change at position 105. Resistance to infection by Mycobacterium Jp. seems to be

controìled by a membrane transport protein in the susceptible cell, the macrophage.

Williams LM, et al. have described differential susceptibility of CD4* lymphocytes

from separate individuals to infection by HIV-1 but only at low multiplicities of infection.

The second example of innate resistance in the murine system involves the

retrovirus murine leukemia virus (MuLV) which causes murine acquired

immunodeficiency syndrome (MAIDS) (Hartley JW, et al. 1989). Variability to infection

by MuLV can be controlled at the level of the susceptible cell, the CD4* T lymphocyte.

This genetically inherited trait is polymorphic and has been mapped by linkage analysis

and has been called Fv-1. It is believed that Fv-I prevents the cell from becoming

infected by not allowing proper integration of the proviral form of the virus (Pryciak PM,

et al. 1992). Williams LM, et al. 1991 have observêd genetically inherited resistance

patterns at low multiplicities of infection of HIV-1 in CD4+ lymphocytes. They suggest

the existance of a human equivalent of the mouse Fv-l gene, but to date have not offered

a candidate gene.
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The final example of innate resistance is also from a mouse retrovirus, the mouse

mammary tumour virus (MMTV). MMTV exists as an exogenous infectious virus

transmitted through breast milk and exists in proviral form in the germ line and is passed

on by classical Mendelian genetics. MMTV has been shown to encode a superantigen

in the 3' long terminal repeat (LTR) region (Choi Y, et al. 1991). The minor

lymphocyte stimulating (Mls) antigens have been known for a long time, but only

recently have they been shown to be proviral form of MMTV (Frankel WN, et al. 1991).

The function of the superantigen is to stimulate CD4* T cells containing a specific

varìable region of the Beta chain of the T cell receptor (TCR Vß). This results in the

acrivarion of 5-10% of all CD4+ T cells, which is several orders of magnitude higher

than antigen specific activation. The activated CD4* T cells release cytokines, some

of which cause B cells to proliferate. B cells are the natural target cell for MMTV and

this superantigen activation results in the expansion of the provirus located within the

activated B cells. With increased numbers of infected B cells the virus has a greater

chance of reaching the mammary gland where it resides. In order for MMTV to achieve

a successful lifè cycle the superantigen must amplify a specihc subset of Vß CD4+ T

cells. There are many different sub-types of MMTV, each with a superantigen that has

a specificity for a different TCR Vß. Resistance to MMTV is achieved in baby mice that

have Ml.s or the endogenous proviral MMTV. Held W, et al. have presented the

following rnodel to explain the resistance. In the fetal thymus the entire superantigen

protein is produced in antigen presenting cells and will associate with MHC class II

proteins. This association is different from classical antigen presentation because the
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superantigen associates as a whole protein, not peptides, and the location of the binding

to the MHC class II protein is not in the peptide binding groove. The MHC class II

associated superantigen binds to those CD4+ T cells with the appropriate TCR Vß. The

result is the deletion of all CD4* T cells with TCR Vß that recognize the superantigen.

After exposure to exogenous MMTV via the mother's milk, the virus can not establish

a successful infection because there are no CD4* T cells with the Vß chain that the

superantigen recognizes, they have all been deleted in the thymus. This hole in the TCR

Vß repertoire does not allow the superantigen to stimulate CD4+ T cells and, therefore,

the MMTV infected B cells are not expanded and the infectious cycle is broken.

However, this resistance is dependent on the endogenous and exogenous superantigen

having the same Vß specificity. Infection with a MMTV with a superantigen of a

diff'erent Vß specifìcity would result in completion of the MMTV life cycle.

There have been conflicting reports whether HIV-1 contains a superantigen and

is deleting certain Vß T cells (Hodara VL, et al. 1993; Posnett DN, et al. 1993). If

HIV-l is shown to contain a superantigen this may partially explain the loss of CD4*

T cells and would suggest that persons lacking the particular Vß repertoire that HIV-I

requires to complete its life cycle could be resistant to infection. However, there is yet

to be any convincing evidence that HIV-1 specifically requires CD4+ T cells with

particular Vß TCR to complete its life cycle. Therefore the specif,rc deietion of certain

Vß bearing CD4+ T cells could not account for resistance.

Resistance to inf-ectious agents can be achieved through the acquired immune

response. Several examples of immune regulated resistance to infection have been
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previously mentioned. Bretscher et al. and Clerici et al. have described that prior

exposure to low subinfectious doses of Leishmania major and SIV, respectively, have

resulted in a THl response and protection from subsequent challenges with high

infectious doses of the pathogen. Stott et al. has described resistance to SIV infection

mediated though a humoral response specific for human HLA molecules. Each of these

examples of immune mediated resistance to infection depends on prior natural

immunization to low doses of pathogen or immunizing antigen.

The evidence for resistance to HIV-I in humans is less convincing. This is

rnainly because challenge experiments are not possible and any evidence must come from

associations with lack of infection and a negative association is always difficult to prove.

Farzandegan H, et al. have described a group of four HIV-1 seropositive homosexual

men who had subsequently lost all detectable antibodies; seroreversion. Some of these

individuals have also become HIV PCR negative and the authors suggest they may have

cleared the infection. The phenomenon of seroreversion is controversial and, at best, is

tbund at a very low frequency (Holmberg SD, et al. 1988). As described, HLA alleles

have been associated with resistance to HIV-l infection, however, theassociation isnever

absolute. Reports among highly HIV-1 exposed prostitutes (Fischl MA, et al. 1987) and

homosexual men (Schechter MT, et al. 1986) indicate that the duration of exposure is

inversely related to the likelihood of seroconverting. The best characterized of these

studies is our own Nairobi prostitute cohort where it was observed that the duration of

prostitution reduced the risk of seroconversion by an odds ratio of 0.39, CI95%:0.23-

0.65 p<.004 (Simonsen JN, etal. 1990). The mechanism of resistance in all of these
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examples of human resistance to HIV-I infection is unknown. The identif,rcation of

protective immune responses among highly exposed yet uninfected individuals would be

very significant and could be used to direct vaccine development.

J. Statement of Objectives and Approach:

The goal of this thesis work is to determine if the HIV-1-exposed but persistently

seronegative women of the Nairobi prostitute cohort are resistant to HIV-1 infection and

if so describe the mechanism of that resishnce. The approach to be taken will be to 1)

confirm the origin of the sera from the persistently HIV-I seronegative women, 2)

establish if the women are truly HIV-1 uninfected, 3) attempt to explain the resistance

by statistical or epidemiological methods, 4) conclude whether there is resistance and if

so, 5) determine if the resistance is innate or 6) determine if the resistance is acquired.
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MATERIAT^S AND METIIODS I

I. MATERIAI^S:

A. Source of Biological Material:

Female prostitutes attending the Majengo sexually transmitted disease (STD) clinic

in the slum district of Pumwani in Nairobi, Kenya were enrolled into the Nairobi

Prostitute Cohort and were the source of the biological material for this study (the

Malaya (ML) study, Malaya is the KiSwahili word for prostitute) (Simonsen JN, et al.

1990; Plummer FA, et al. 1991). In 1985 the cohort was initiated with abaraza (a

public community meeting) for prostitutes residing in Pumwani. At that meeting, the

planned project was discussed with the women, and community representatives were

elected to interact with the community and to act as community health workers.

Enrollment criteria were that the women were Pumwani residents and earned money

through prostitution. Free treatment of their STDs and general health care concerns were

exchanged for their informed and willing participation in intervention programs and

various research projects, one of which was this study (Simonsen JN, et al. 1990).

Participation of the women was not only of benefit to the researcher but more importantly

to the women themselves, who found treatment of their STDs through the Kenyan

rnedical system cost prohibitive, inaccessible or often ineffective (Moses S, et al. 1992).

Each woman, having been assigned a unique study number (a ML number), was

interviewed on each visit to the clinic and were asked to return to the clinic on certain
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dates for reassessment. A physical examination included vaginal speculum and bimanual

examinations. The interviews collected basic demographic information and prostitution,

sexual practice, medical, obstetric and contraceptive histories (Simonsen JN, et al. 1990).

Sexually transmitted diseases were confirmed by culture of endocervical and genital ulcer

swabs for Neisseria gonorchoeae, Haemophilus ducreyi, and Chlamydia tachomatis

cultures which were performed as described (D'Costa LJ, et al. 1985) and rapid plasma

reagin test (RPR) and Trepon.ema. pal.lidum hemagglutination (TPHA) tests for syphilis.

In the later years of the study, C. trachomd¡tis was detected from endocervical secretions

rusing an enzyme irnmunoassay (Chlamydiazyme). The presence of HIV-1 antibodies was

detected using commercial kits described in detail later in Methods. The women

averaged 2-4 visits to the clinic per year for reassessment and treatment of STDs. To

date over 1800 women have been enrolled in the cohort.

HIV-I seronegative individuals who were at low risk for acquiring HIV-1

infection (negative controls) were Winnipeg laboratory staff and Kenyan mothers

attending an antenatal clinic (the maternal child health (MCH) study) (Datta P, et al.,

l 995).

B. General Chemicals:

Unless otherwise mentioned the sources of general chemicals were Fisher

Scientific, Sigma Chemical Company, and Mallinckrodt Speciality Chemical Company.

C. Tissue Culture Solutions:

Lymphocyte Media (LM) - RPMI 1640 plus 10 mM HEPES and L-glutamine pH 7.2
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(Gibco),50¡rM ß-mercaptoethanol (Sigma), 10 units/ml Peniciilin,0.1mg/ml

Streptomycin, .Z\pglml Amphotericin B, and 10 Vo fetal calf serum (Intergen) which had

been heat inactivated at 56'C for 40 minutes.

Freezing Media (FM) - heat inactivated fetal calf serum (Intergen) and dimethyl sulfoxide

CDMSO) at a9:1 ratio (Sigma).

Phosphate Buffered Saline (PBS) - 137mM NaCl, 2.7 mM KCl, 10.1mM NarHPOo,

l.76mM KH'PO4, pH 7.0, heat sterilized.

Tris Buffered Saline (TBS) - 144mM NaCl, 25mM Tris-HCl, pH 7.5.

T-TBS - TBS plus 0.5 % Twenn 20.

TMT/SS - 2% non-fat dry milk, 20% fetzl calf serum and 0.57o Twenn 20 in TBS

T,È, - l0mM Tris-HCl lmM EDTA pH 7.5

D. Reagents for Molecular Biology:

lOx SSC - 1.5M sodium chloride, 0.15M sodium citrate

10% SDS (sodium dodecylsulfate) - 1009 SDS, ddH2O up to one litre.

20x SSPE - 3M NaCl, I72.5mM NarHPOo, 20.0 mM EDTA, pH 7.5 heat sterilized.

SOC - 2 g tryptone, 0.59 yeast extract, lml lM NaCl, 0.25m1 1M KCl, 1ml2M MgClr,

I rnl 2M MgSOo, bring up to 99ml with ddHrO and autoclave. Add to cooled media lml

2M glucose and filter sterilized.

LB broth - 10g tryptone, 59 yeast extract, 10g NaCl bring up to I litre and heat

steril ized.

pBS pìates - 49 tryptone,2.5g yeast extract,2.5g NaCl, 7.5 g agar, ddHro up to 500m1,
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autoclave for 20 minutes at l2I"C and allow to cool but not solidify (50"C). To make

pBS plates add the following: 50mg ampicillin (f,rnal concentration of 100¡rg/m1), 20mg

X-gal dissolved in 1 ml dimethyl formamide (final conc.  Ùp.g/ml) and 590 mg IPTG

(isopropyl-ß-D thiogalactopyranoside) dissolved in 2ml sterile ddIIrO (final concentration

5mM). Pour into sterile plates and once hardened store in foil, to prevent light damage,

at 4"C.

Boiled Prep Buffer IBPB) - 8% sucrose, 0.5% Triton X-100, 50mM EDTA pH 8.0,

l0rnM Tris-HCl pH 8.0 - filter sterilized and stored at room ternperature.

E. Plasmids and DNA

El. Plasmids:

pBHl0R-3 - HIV-1HX¡,

i ntegration i mpossible,

Molecular Weight Standards Used:

minus a portion of the

was cloned into pSP64

5' long terminal repeat (LTR), making

(Ratner L, et al. 1987).

pT4B - The full length CD4 cDNA cloned into the lambda cloning vector gt10 (Maddon

PJ, et al. 1985).

pBluescribe (Stratagene) - A cloning and sequencing phagemid (plasmid with a phage

origin) with many advantages. It has a multiple cloning site (MCS), with 21 unique

restriction enzyme sites, located in the N-terminal portion of the lacZ gene that encodes

for ß-galactosidase. This allows recombinants cloned into the MCS to be detected by the

interruption of the B-galactosidase activity making colour selection on pBS plates
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possible. Selection for the presence of the phagemid is by the ampicillin resistance gene.

The MCS is flanked by T3 and T7 DNA polymerase promoter sites for the generation

of RNA transcripts of the insert from either orientation. Oligonucleotide primers

complementary to these promoters facilitate sequencing of inserted foreign DNA.

E2. DNA Molecular Weight Standards:

Molecular Weight III (Boehringer Mannheim) - Lambda phage DNA digested with EcoRI

and HinDIII: fragment sizes in base pairs - 2I,226 5,148 4,973 4,277 3,530 2,027

I ,904 I ,584 I ,330 983 831 564 r25.

Molecular Weight V (Boehringer Mannheim) - pBR322 digesred with HaeIII: fragment

sizes in base pairs - 587 540 504 458 434 267 234 213 192 184 124 123 I04

89 80 64 57 51 21 18 11 8.

One kilobase Ladder (Gibco BRL) - fragment sizes in

10,180 9,162 8,144 7,126 6,108 5,090 4,072 3,054

396 344 298 220 201 t54 t34 75.

pBR322 Hpa II Hot Marker - Hpa 11 digested pBR322

dGTP, fragment sizes in base pairs - 622 527 404 309

160 t47 t23 r l0 90 16 67 34 26.

base pairs - L2,216 11,198

2,036 t,636 1,018 5r71506

end filled with a32PdCTP and

242 238 2r7 201 190 180
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TI. METHODS:

A. GENERAL METHODS:

41. Data Entry and StatistÍcal Methods of Analysis:

Epidemiologic and laboratory data were computer coded and entered on a

Filemanager database. Data were analyzed using the SPSS and STATA statistical

packages. Standard parametric and non-parametric statistical tests were used for analysis

of numeric and orclinal dara. Odds ratios with 95% conttdence intervals and incidence

rate ratios wtth 95Vo confidence intervals were used to measure the strength of

associations for cross sectional and longitudinal data, respectively. Standard survival

analysis (Kaplan-Meier survival ptots and log-rank tests) were used for univariate analysis

of time dependent data. Multivariate analysis of survival data was performed by Cox

proportions hazards modelling, with and without time dependent independent variables'

Survival modelling was performed in consultation with Dr. N.J.D. Nagelkerke.

postulated survival models were fitted to the data using non-parametric regression

modelling with maximum likelihood.

42. HIV-l Polymerase Chain Reaction (PCR):

A2i. Prevention of PCR Contamination:

Efforts were taken to prevent amplifîcation products from one set of PCR

reactions from contaminating subsequent rounds of PCR. Physically separate room were

used for PBMC lysis, PCR preparations, and post PCR analysis. Nothing from the post
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PCR analysis room (PCR dirty) was used in any pre-PCR procedures. Positive

displacement micropipettors with disposable pistons (Microman pipettes, Mandel

Scientific Ltd.) were used for peripheral blood mononuclear cells (PBMC) lysis and PCR

preparations.

A2ii. Lysis of PBMC for PCR:

Three to six x 106 ficoll isolated PBMC (see Methods: Isolation of PBMC from

Whole Bìood) were resuspended in one ml of PBS and transferred to a sterile 1.5 ml

microcentrituge tube and pelleted in a microcentrifuge (Sorvall Microspin 24S) for one

rninute at 12,000 x g (12,000 rpm). The supernatant was removed and the cells

resuspended in 25¡À double distilted water (ddHr0). Twenty five g,l of 2% triton X-100

(Fisher Scientific) in T,oE, pH 7.5 was added and the tube mixed briefly. The sample

was then boiled for 15 minutes, placed on ice for 5 minutes and centrifuged for I minute

to pellet cellular debris. The supernatrant containing the DNA was removed, transferred

to a new tube and stored at -20'C until needed.

A2iii. PCR Protocol:

HIV- I PCR was only performed if the quality and quantity of DNA in the lysate

was determined, by HLA DQAl PCR (see Methods HLA DQA1 PCR), to be sufficient

for HIV-1 PCR.

The oligonucleotide primers and probes in Table I were chosen for HIV-1 PCR

because of the high degree of sequence conservation among the various strains of HIV- 1 ,
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Table I: HIV-I- PCR Primers and Probes

Oligo
Name and
Function

oligonucleotide Sequence (5 r-r3 I 
) Nucleotide

Position
HÏV-1

vif-A I

Primer
Vif-B
Probe
vif-c '
Primer
SK68 I

Primer
SKTO I

Probe

SK69 I

Primer
Nef-Ar
Primer
Nef-B
Probe

Nef-Cr
Primer
Rev-Ar
Primer
Rev-B
Probe

Rev-Cl
Primer

ATTGTGTGGCAÄGTAGACAGGATGA

AGTTTAGTAAAACAC CATATGTATGTTT CA

CTAGTGGGATGTGTACTTCTGAACT

AGCAGCAGGA.AGCAC IATGG

ACGGTACAGGCCAGACATTTATTGTCTGGTATAGT

CCAGAC I GÎGAGTTGCAÀCAG

ACCT CAGGTACCTTTAÀGAC CAATG

GAT CT CAGC CACTTTTT AJUU\G \'\JU\GGGGGGACTG

TGTGTAGTTCTGCCAAT CAGGGAA

AATAGAAGAÀGAAGGTGGAG

GAACCTGTGCCTCTTCAGCTACCACCG CTTGAGAGACTT

CCTGCGTCCCAGAAGTT

50 64-508 I

51_0 6-513 5

52L7 -51"93

7 7 95-7 81"4

7 835-7 869

7936-79L6

9008-9032

9051-9086

9L7 9-9L56

a4L4-8438

850 6-8544

858 9-857 1
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especially the African isolates, at these positions. The primer positions are in reference

to HIV-I*", (Ratner L, et al. 1987). Novel primers and probes were developed to the

regulatory genes vif, nef and rev (Dawood MR, et aL. t992). The structural gene env

was targeted for amplification with primers and probes based on published sequences (Ou

C-Y, et al. 1988) with a single inosine being substituted in each oligonucleotide at

positions of sequence variation.

To minimize pipetting errors one common cocktail containing all of the PCR

reagents, with the exception of the water and lysate DNA, was prepared for all samples

to be tested on a given day. This cocktail was mixed and 36.5 ¡rl aliquoted into each

individual test 0.5 ml microcentrifuge tube (BioRad). The final concentration of the

cocktail reagents, after the addition of water and DNA, were as follows: lx PCR buffer

(lmM Tris-HCl, 50 mM KCl, 1.5 mM MgClr, 0.001Vo (w/v) gelatin), 0.2 mM

deoxynucleotide triphosphate (dNTP) (Pharmacia), 0.5 pM of the primers, and 2.5 units

ArnpliTaq DNA polymerase (Perkin Elmer). The volume of PBMC lysate estimated to

contain | ¡tg of DNA was determined by HLA DQAI PCR. Enough ddHrO was added

to each tube to bring the volume up to 100 ¡r,l once the lysate DNA was added. After

the lysate DNA was added, the entire reaction mixture was overlaid with two drops of

mi¡reral oiì, the tubes were sealed and placed into the thermal cycler (Perkin Elmer

Cetus). For each set of PCR reactions one positive and two negative controls were

included. The positive control was either the plasmid HIV-1 containing pBHl0R-3, lysed

PBMC from a known HIV-l positive individual or tissue culture cells infected ín vítro

with HIV-1,,,,,. The negative controls were a reagent control consisting of all of the PCR
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reagents with the exception of the cellular DNA and lysed PBMC from a known HIV-I

seronegative low risk individual.

The amplification protocol for HIV-1 PCR was as follows:

Denaturation for one minute at94oC, primer annealing for one minute at 56oC, extension

for one minute at72C repeated for 30 cycles followed by 7 minutesat'72C to complete

all extension. The annealing temperature was f,rve degrees below the estimated melting

temperatures (Tm) of theprimers which were all designed to haveTm's at 61*1"C.

A2iv. Post PCR Analysis:

After amplification the tubes were removed to the PCR dirty room, opened and

the aqueous layer removed from beneath the mineral oil and transferred to a fresh 0.5

ml microcentrifuge tube. To maximize the amount of PCR product that could be loaded

into a single well of an agarose gel the amplif,rcation products were ethanol precipitated

by adding 10 ¡il 3 M sodium acetate (NaOAc) and 200 ¡rl cold 95% ethanol to the tube

containing the 100 pl amplification product. The tube was kept at -7CPC for 15 minutes

then spun in a microcentrifuge at 4C for 15 minutes at 12,000 rpm (12,000x g). The

supernatant was then poured off, the pellet allowed to dry and then resuspended in 20 p.l

TroEt'

Half of the precipitated amplification products, 10 ¡^cl, and2 ¡rl tracking dye (0.1%

bromophenol blue plus l0Vo glycerol in T,,rE,) were loaded onto an ethidium bromide

stained 3.5Vo aflarose (3% NuSieve agarose, Mandel Scientific company Ltd.i 0.570

SeaKem GTG agarose, Mandel Scientific company Ltd.) gel and electrophoresed until
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the dye reached the bottom of the gel. Molecular weight standards (DNA Molecula¡

Weight Standards V, Boehringer Mannheim) were loaded onto each gel to permit size

determination of the amplification products. The gel was placed onto a ultraviolet (UV)

transluminator and photographed. The determination whether a sample was PCR positíve

or negative was made after the gel was transferred to a support matrix and probed with

the appropriate radiolabelled internal oligonucleotide.

43. Southern Transfer:

DNA was transferred from an agarose gel to a nylon membrane, GeneScreenPlus

(NEN DuPont), using the capillary transfer method as described by the rnanufacturer.

To denature the DNA the gel was incubated in 0.4N NaOH - 0.6M NaCl for 30 minutes

at room temperature with gentle agitation. The gel was neutralizeÅby incubating in 1.5

M NaCl - 0.5 M Tris-HCl, pIJ7.5 for 30 minutes at room temperature with gentle

agitation. Before the completion of the neutralization step a piece of nylon was cut to

the dimensions of the gel, wetted in ddH2O, and soaked for 10 minutes in 10x SSC

(1.5M sodium chloride - 0.15M sodium citrate). The gel was then placed face down

onto a 10x SSC soaked filter paper wick (Whatman 3MM) whose ends were resting in

a reservoir of 10x SSC. The nylon membrane was then laid onto the gel followed by two

pieces of filter paper soaked with 10x SSC and cut to the same dimensions as the gel.

A glass rod was then used to roll out any bubbles. A stack of absorbent paper towel, cut

to the dimensions of the gel, was then laid on top of the filter papers. A small weight,

usually a book, was placed on top of the filter papers to compress the paper towel and
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ensure good capillary movement up through the various layers. The transfer was allowed

to occur to 16-24 hours after which time the paper towel layer was removed, the gel

flipped over and the locations of the well were marked onto the nylon membrane with

an HB pencil (Venus). To ensure the DNA bound to the nylon rnembrane was denatured

it was immersed in 0.4N NaOH fo¡ one minute and neutralized in 0.2M Tris-HCl, pH

7 .5 - 2 x SSC. The DNA was then permanently bound to the membrane by drying it at

37"C for one lrour or 80'C for 15 minutes.

44. Hybridizations:

A4i. Radiolabelling Oligonucleotides:

Oligonucleotide probes were resuspended at lpmol/ul in ddHrO or TroE,. Ten ¡,rl

(i0 pmol) of probe, Zpl 10x polynucleotide kinase buffer (Pharmacia LKB

Biotechnol ogy), 7 ¡À 7-32P Adenosine 5' triphosphate (ATP) (3000 Ci/mmol, 10 mCi/ml,

NEN DuPont) and | ¡À T4 polynucleotide kinase (5.3 units/¡rl) (Pharmacia LKB

Biotechnology) were added to a microcentrifuge tube and incubated for 45 minutes in a

37"C sand bath. Following the kinase reaction the free 732P-ATP was removed by

bringing the volume of probe up to 100¡rl with T,oE, and passing it through a one ml

tuberculin syringe spin column of Sephadex G-50 (Pharmacia) by centrifuging on a

clinical table top centrifuge for two minutes. The specific activity of the purified 32P

labelled oligonucleotide was determined by placing 1¡rl of the probe into 1-5ml

scintillation cocktail (Econolume, ICN) and counting on a liquid scintillation counter (LS

500 CE, Beckrnan). Probes were used only if their specific activity was greater than I
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x l0E counts per minute (cpm)/¡rg of oligonucleotide.

A4ii. Hybridization of 32P Labelled Probes to Membrane Bound DNA:

The dried nylon membrane was sealed in a plastic hybridization bag and

hybridization solution (5 x SSPE, 1% SDS, 10 x Denhardts solution (50 x Denhardts -

l% Ficoll,IVo polyvinylpyrrolidone,l% bovine serum albumin (BSA)) was added based

on one ml of solution for every 15cm2 of membrane. This prehybridization solution was

incubated for one hour, with gentle shaking, at a hybridization temperature 10 degrees

below the melting temperature (Tm -10'C) of the probe. For the HIV-1 PCR probes the

hybridization ternperatures were 48"C for Vif-B, and 56'C for Nef-B and SK-70'. After

prehybridizing l-2 x 106 cpm of labelled probe was added per ml of hybridization

solution in the bag. The bag was incubated, with shaking, at the hybridization

temperature overnight. After hybridization the excess probe was removed by washing

with 1% SDS - lx SSC at the hybridization temperature. The fîrst wash was for l0

minutes followed by two washes for 30 minutes. After the third wash the nylon

membrane was sealed into a plastic bag to prevent the probe from binding permanentiy.

The nlembrane was then placed onto a filter paper support with radioactive orientation

markers, exposed to X-ray frlm (Kodak X-O-Mat AR5) and placed between two

intensifying screens (NEN DuPont) at -7VC for 6-48 hours. The films were developed

with an automated hlm processor (MiniMed/g0 X-ray Film Processor, AFP Imaging

Corp.).
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45. Plasmid Purification:

A5i. Small Scale Preparations:

White colonies representing potential recombinant plasmids with inserts were

picked from pBS plates and grown overnight, at 37'C with shaking, in 5ml Brain Heart

Infusion (BHÐ broth (Gibco) plus 100mg/l ampicillin. One and a half ml of culture was

removed the next day to a 1.5 ml microcentrifuge tube and spun for one minute (12,000

x g) in a microcentrifuge. The supernatant was removed and the pellet of cells

resuspended in 350¡rl Boiled Prep Buffer (BPB) (8% sucrose, 0.5 To Triton X-100, 50mM

EDTA, lQmM Tris-HCl pH 8.0 - f,rlter sterilized and stored at room temperature).

Twenty-five ¡rl of fresh lysozyme (Sigma) solution (1Omg/ml) in BPB was added to the

resuspended cells were mixed briefly. The tube was incubated for one minute at room

temperature then placed into a 100'C water or sand bath for one minute. The tube was

rhen spun for l0-15 minutes. A sterile toothpickwas then used to remove the insoluble

pellet from the bottom of the tube (this contained most of the cellular debris and genomic

DNA). To precipitate the plasmid 200¡À of 7.5M NHoOAc and 600¡rl isopropanol was

added to the supernatant and mixed briefly. After a 15 minute incubation at room

rernperature the sample was centrifuged at 12,000 x g for 15 minutes, the supernatant

removed and the pellet allowed to air dry for l0 minutes. The pellet was resuspended

in 50¡rl T,uE, supplemented with lO¡rg/ml RNase A and 2mM spermidine to remove the

contaminating RNA. The isolated plasmid DNA was of sufficient quality to permit

restriction digestions to. identify plasmids with inserts.
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A5ii. Large Scale Plasmid Preparations:

The method of large scaie plasmid preparations was that of Sambrook J, et al.

1989.

A5iii. Purification of Plasmid DNA for Sequencing:

The DH5a E.coli with the plasmid to be sequenced was grown overnight in LB

broth plus ampicillin (100mg/l) at37"C with shaking. One and a half ml was transferred

to a l.5ml microcentrifuge tube and spun at 12,000 x g for 2 minutes. As much of the

supernatant was removed as possible and the cells were resuspended in 100¡rl ice-cold

50mM glucose, 10mM EDTA and 25mM Tris-HCl pH 8.0 and incubated at room

temperature for 5 minutes. Two hundred ¡rl of freshly prepared 0.2N NaOH, I % SDS

was added, rnixed gently by inversion and incubated on ice for 5 minutes. One hundred

and fifty ¡.rl ice-cold potassium acetate solution pH 4.8 (60 ml 5M KOAc, 11.5m1glacial

acetic acid, 28.5m1 HrO) was added, mixed by inversion, and returned to ice for 5

minutes. The sample was then spun for 5 minutes and the supernatant transferred to a

new l.5ml tube. RNAse A was added to the sample to a final concentration of 20pglml

and then incubated aÍ.37"C for 20 minutes. An equal volume of 1:1 Tris saturated

phenol:CHCì.,, about 500¡rl, was added, mixed for 2 minutes, centrifuged for 3 minutes,

and the upper layer transferred to a new 1.5m1 tube. The plasmid DNA was then

precipitated by adding two volumes of 100% ice-cold ethanol, mixing, incubating for 15

minutes at -70"C and pelleted by centrifuging for 15 minutes. The supernatant was

removed, the pellet allowed to air dry and then resuspended in 50¡rl T,oE, and 30¡rl
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polyethylene glycol (PEG) - 2.5M NaCl, mixed and incubated on ice for 20 minutes'

The plasmid was then precipitåted by centrifuging for 10 minutes' The supernatant was

discarded and the excess salts removed from the pellet by rinsing with 70% ethanol,

cenrrifugin g for 2 minutes and discarding the ethanol. The pellet was allowed to air dry

and finalty resuspended in 20p.llF^2o. A typical yield of pBluescribe was 9-l5pglL-Sml

cuiture.

46. Serology:

A6i. HIV-l SerologY:

All individuals in the study were tested for the presence of HIV-I antibodies with

commercial enzyme immunoassays (HTLV-III Elisa, DuPont from 1985 through 1988;

vironosrika, organon Technika, from 1988 through 1990; Detect HIV, IAF Biochem,

from 1990 -1992; and Enzygnost HIV-I 12 EI1^, Behring from 1991 to present). All

seroconversions were contìrmed by immunoblot (Novapath Immunoblot, BioRad) until

I99l when they were confirmed by Recombigen HIV-I 12EJA, Cambridge Biotech. All

women testing negative by enzyme immunoassay were confirmed negativeby immunoblot

on at least one occasion. These commercial systems were used to detect the presence of

HIV-l antibodies according to the manufacturer's instructions.

A6ii. Rubella Serology:

Samples were sent to the Cadham

IgG antibodies to Rubella virus using

Provincial Laboratory for the quantification of

the Rubella IgG Antibody IMX kit (Abbott
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Laboratories).

47. Protein AnalYsis:

A7i. Lysis of Cells for Protein Analysis:

To determine if the recombinant vaccinia/HlV-l vectors supplied through the

AIDS Research and Reference Reagent Program, AIDS Program, MAID, NIH produced

the HIV-l proteins, immunoblots of wholecell lysates from B cells infected with these

viruses were prepared. The method of infecting the Epstein-Barr virus (EBV)

transformed B cells with these vaccinia viruses is described in the Methods: Cell

Mediated Cytotoxic Responses to HIV-1 section. In brief, I x ld B cell blasts, sample

KRF, we¡e infected with the recombinant vaccinia/HlV-l viruses at a multiplicity of

infection (MOI) :3.0. After an overnight infection the cells were washed two times in

cold pBS, resuspended in 0.5mI of lymphocyte lysis buffer (McDougal JS, et al. 1986)

and incubated on ice fbr 45 minutes with occasional gentle mixing. The sarnple was then

centrifuged in a microcentrifuge at 4oC for 15 minutes. The supernatant was removed

from the nuclear pellet and stored at -zVC'

A7ii. Polyacrylarnide Gel Electrophoresis (PAGE):

Protein quantihcation was performed using the Bio-Rad Protein Assay kit as per

the manufacturer's instruction. The cellular lysates had a total protein concentration of

4mglml. polyacrylamide gel electrophoresis (PAGE) (Sambrook J, et al. 1989) was

performed with standard methods using a stacking gel and a resolving gel. A total of
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50¡rg totat protein was loaded into each well of the Bio-Rad mini gel apparatus. A 12%

polyacrylamide gel was used for detecting the p24 and reverse transcriptase (RT)

proteins, while a7.5To PAGE gel was used to detect gp160'

A7iii. Protein Transfer:

The proteins were transferred from the polyacrylamide gel to a nylon membrane

(lmmobilon, Millipore) using a semi-dry protein transfer apparatus (Bio-Rad) as per the

manufacturer's instructions. In brief, the stacking gel was removed and the resolving gel

soaked for l5 minutes with shaking in Tris/Glycine blot buffer (48mM Tris-HCl, 39mM

glycine, 0.0375% SDS). The membrane, cut to the dimensions of thegel, was wetted

in methanol, transferred to ddHrO for 5 minutes and then soaked in blot buffer for 15

minutes with shaking. Two thick filters (Bio-Rad) cut to the dimensions of the gel were

wetted in blot buffer. One filter was placed onto the transfer apparatus, the filter laid

on rop followed by the gel and fînalty the last filter. A glass rod was rolled overtop the

stack to ensure no air bubbles remained between layers. The apparatus was reassembled

and transfer was achieved at 15 volts for 30 minutes.

ATiv.Immunoblot of Recombinant Vaccinia/HlV Infected B cells:

Standard immunoblotting methods were used'(Sambrook J, et al. 1989). The

following antibodies, Table II, were received through the AIDS Research and Reference

Reagent Program, AIDS Program, NIAID, NIH.
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Antibodies Used to Detect HIV-I Proteins

Antibody Specihcity Dilution Used Source

NIH # 384

NIH # 634

NIH # 188

recombinant

recombinant
transcriptase

recombinant

p24125

reverse

gp160

1:500

1: 1000

1: 1000

rabbit polyclonal

rabbit polyclonal

goat polyclonal

The secondary antibodies used for immunoblotting were anti rabbit/goat IgG conjugated

to horse radish peroxidase (HRP) and purchased commercially (Chemicon).

After the proteins were transferred to the nylon blots, they were blocked in 5%

skim milk at 4"C overnight or at 37"C for two hours with shaking. The primary

antibodies were diluted in PBS plus 1 % BSA, added to the blots and incubated for 120

minutes at room temperature with shaking. The blots were washed three times in T-TBS,

with l5 minute shaking at room temperature. The secondary antibodies were diluted to

l:500 in PBS - 1% BSA, added to the blots and incubated at room temperature with

shaking for one hour. The blots were washed three times in T-TBS. Colour

development of the HRP was achieved by combining 1.5 ml DAB (diamino benzidine)

stock (l.25mglml in ddHrO), 750¡Å I% CoClr,20¡ÅH2O2and 35.25m1 PBS and adding

it to the blot. Development was for five rninutes and stopped by washing with water.
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B. HLA ANALYSES:

81. HLA DQA1 PCR:

The primers and probes (Erlich HA, et al. 1986) used (Table III) are

complementary to or correspond to the second exon of the polymorphic HLA DQA1

Iocus. The 5' sense primer, GH26, and the 3' antisense primer, GH27, are located in

conserved regions that flank a highly polymorphic region. The universal probe RH54

binds in that region and is able to hybridize all known alleles of HLA DQAI. The

reagents for HLA DQAI amplifrcation were the same as those for HIV-1 PCR with the

exception that the t-rnal concentration of primers was 0.25¡rM. The amplification protocol

consisted of denaturation at 94oC, annealing at 50'C, and extension at 72C, each step

fbr 30 seconds, for 30 cycles and ended by 7 minutes at 72'C to complete extension.

The products of amplification were analyzed by agarose gel electrophoresis either by

visual inspection or by subsequent Southern blotting and hybridizations with radiolabelled

probes (see Methods: Southern Transfer and Hybridizations).

82. DNA Isolation from Sera:

The Bio-Rad Prep-A-Gene DNA purif,rcation kit was used for DNA isolation from

serum. In brief, 50 ¡rl of serum or plasma was diluted with an equal volume of sterile

ddH20 in a 1.5 ml microcentrifuge tubeand 300 ¡rl of binding buffer (50mMTris-HCl,

lmM EDTA, 6 M NaClOo, pH 7.5) was added and rnixed. Ten ¡rl of resuspended silica

gel marrix was added and incubated for l5 minutes at room temperature with occasional

mixing. After incubation the suspension was centrifuged for ten seconds to pellet the
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oligonucleotide Primers and Probes used in
iiÃ-oOar Anplification and Genetic Typing'

oligonucleotide Sequence 5r-+ 3 r

Name

HLA DQA1
seguences
recoqnized

GHz6

GHz7

RH83

GH88

GH1 6

GH89

GH77

RH7 ].

GH67

GH66

HE4 6

RH54

GTGCTGCAGGTGTAÄACTTGTACCAG

CACGGATCCGGTAGCAGCGGTAGAGTTG

GAGTTCAGCAJU\TTTGGAG

CGTAGAACTCCTCATCTCC

GTCTCCTTCCTCTCCAG

GATGAGCAGTTCTACGTGG

CTGGAGAAGAAGGAGAC

TT C CACAGACTTAGATTTGAC

TTCCGCAGATTTAGAAGAT

TGTTTGCCTGTTCTCAGAC

CATCGCTGTGACAAA.ACAT

CTACGTGGACCTGGAGAGGAÀ
GGAGACTGCCTG

conserved 5r
region
conserved 3 I

region
1- aIleIe
1. l- aIIeIe
aII but l-.3
1.2,I.3,4 alleles
1-. 3 alleIe
2 alle1e
3 alle1e
4 all-eIe
4.2, 4.3 alleles
aIl aIl-el-es
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silica matrix. The matrix was washed twice in binding buffer then three times in wash

buffer (20 mM Tris-HCl, 2 mM EDTA, 0.4 mM NaCl, pH 7.4 in 50% ethanol) by

resuspending the peliet in 500 ¡,rl of the appropriate buffer and centrifuged for 10 seconds

to pellet. The DNA was eluted from the matrix by resuspending the silica matrix in 20

¡.rl of sterile ddHro and incubating at 50'C for 15 minutes. The sample was then

centrifuged for 30 seconds and the DNA contåining supernatant was removed and saved.

The elution step was repeated once and the supernatants pooled.

83. HLA DQA1 Product Analysis:

To ensure amplification of the HLA DQA 1 gene was successful 20 prl of the post-

amplification reaction mixture was size separated on a ethidium bromide stained 3.5To

agarose gel where the quantity and size of the amplif,rcation products was verified

visually. Replicate blots were prepared and each probed with a different 32P labelled

allele specific oligonucleotide (ASO). Hybridizations were performed as described in

Methods: Hybridizations. The probe RH54 binds to all alleles of HLADQAl and was

used at a hybridization temperature of 65"C. The hybridization temperatures for probes

GH66, RH83, GH88, and GH89 were 50oC and 47'C for probes GH67, RH71 , GH77,

and HE46 (see Table III for oligonucleotide sequences). Blots were washed at the

specified hybridization temperatures with 1X SSC and 1% SDS (sodium dodecylsulfate)

tbr 10 minutes followed by two 30 minute washes. The blots were exposed to x-ray film

(Kodak X-O-Mat AR 5) for 2-24 hours with intensifying screens at -7CPC and then the

fìlms developed.



52

84. HLA Serological TYPing:

Standard serological tissue typing was used (Vartdal F, et al. 1986) to determine

the HLA haplotype of the test and control individuals. In brief, 5-10 ml whole blood

was collected in acid citrate dextrose (ACD) vaccutainers (Becton-Dickinson), spun down

and the buffy coat removed and brought up to 5 ml with PBS (phosphate buffered saline)

plus 0.6% Na-citrate. Immunomagnetic beads (Dynal) specific for the cD8 molecule

were used to purify cells for HLA class I determination. HLA class II determinations

were made on cells purìfied by immunomagnetic beads specific for B cells' To the

dilured buffy coat 50 ¡rl of immunomagnetic bead suspension was added and mixed gently

for f-lve minutes at room temperature. The tube was then placed against a rare earth

magner for 2-3 minutes to allow the bead bound cells to adhere against the magnet. With

the magnet in place the supernatant was poured off and after four washes with PBS the

bead bound cells were resuspended into 0.2-0.4 ml RPMI. One ¡,rl of cell suspension was

placed into each well of a72 well Terasaki tray (one Lambda Inc. or canadian Red

Cross, Ottawa) and incubated at room temperature for 30 minutes. Five irl of rabbit

complernent (cedar Lane Laboratories Ltd.) was then added to each well and incubated

for 30 minutes at roonr temperature and would cause cellular lysis in any well that

contåined antisera which recognized the HLA antigens expressed on the surface of those

cells. Lysis of the cells was detected by the addition of one ¡rl of a mixture of

t'luorescenr dyes, acridine orange and ethidium bromide, which are taken up differentially

by viable and dead cells respectively. Five ¡rl 2.570 Lndian Ink (Sheaffer's Script) in PBS
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was added to provide a black background against which the fluorescing cells can be seen'

The plates were read on an inverted fluorescent microscope at 450 nm and each well was

scored for percent cell lYsis.

C. CD4 ANALYSES:

Cl. Isolation of CD4 mRNA

Total cellular mRNA was isolated from f,rcoll-hypaque (Sigma) purified PBMC

that were frozen in Nairobi at 1-3 x 10ó/ml in PBS, and mRNA was isolated at a later

date in Winnipeg using the Micro-FastTract kit (Invitrogen Corp'), as per manufacturer's

instructions. Briefly, the cells were pelleted, resuspended in an SDS/proteinase K buffer

to the lyse the cells and incubated for 15 minutes in a 45'C water bath. An oligo

deoxythymidine triphosphate (oligo dT) cellulose tablet was added and binding of the

poly A tail of the cellular mRNA was allowed to occur during a 15 minute room

temperature incubation with shaking. The oligo dT was then pelleted in a

microcentrifuge at 4,000 x g and the supernatiant removed. The oligo dT was then

washed several times with initially a binding buffer and subsequently with a low salt

wash buffer which removed the cellular debris, protein, DNA, tRNA and rRNA' The

rnRNA was eluted off the oligo dT with two 100¡rl elutions of T,oE,. The total mRNA

was concentrated by ethanol precipitation and resuspênded in 10¡rl TtoEt'
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C2. First Strand cDNA Synthesis of CD4 mRNA:

First strand cDNA synthesis of the cD4 mRNA was primed with a

complementary 3' oligonucleotide (3' CD4-Nest) (5' -CTGGGGAGGCTGCAAGTGGGA

TCTGCCTGG-3,) locared at position 149l-1462 (relative to Human T-cell surface

glycoprotein T4 mRNA, complete coding sequence (Maddon PJ, et al. 1985))- Reverse

transcription was performed using standard methodologies (Sambrook J, et al- 1989)-

Briefly 200 units Moloney Murine Leukemia Virus RNase H- reverse transcriptase

(MMLV-RT)(Superscripr|M, Gibco BRL) was incubated with 5¡rl of isolated mRNA,

lpmol 3'CD4-Nesr primer, 1 x RT buffer (Gibco, BRL), iOmM dithiothreitol, 0.5mM

each deoxyribonucleotide triphosphate, and32.4 units human placental RNase inhibitor

(RNAguard, Pharmacia) for 30 minutes at 42C.

C3. Amplification of the CD4 cDNA:

Half of rhe CD4 cDNA (10p1) was amplif,red using a nested polymerase chain

reaction (pCR) strategy. The more distal set of primers used for the initial amplification

consisted of oligonucleotide 5'CD4-Nest (5'-ACTGCTCAGCCCCTTCCTCCCTCGG

CAAGG-3' which corresponded to position 4l-70 of the mRNA) and the complemenlary

3'CD4-Nest used to prime the f,rrst strand cDNA synthesis. After the initial round of

thirty cycles, one tenth (10¡rl) of the total reaction volume was removed and served as

rhe template for the second round of amplifrcation with the internal primer pair consisting

of the primer CD4-5'PCR (5'-CCGAAT'TCATATGAACCGGGGAGTCCCT-3'

corresponding to position 16-93) and the complementary primer CD4-3'PCR (5'-
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CC AAGCTTCATATGGTGCCTCAAATGGGG CTACA-3' position 1457 - I 438). These

latter primers incorporated both the initiation and termination codons such that the entire

coding sequence of the CD4 message (1.4 kilo base pairs, kbp) was represented in the

amplification product. Eco RI and Hind III restriction sites were engineered onto the 5'

ends of the CD4-5'PCR and CD4-3'PCR primers, respectively, to facilitate directional

cloning into the sequencing vector pBluescribe (Stratagene).

The reagents for the amplif,rcation were identical to those for HIV-1 PCR with the

exception that the primer concentration was 0.25p.M each and 1.0 unit of DNA gyrase

(Perfect MatchTM, Stratagene) was added to increase the specif,rcity of the primer binding.

The conditions of amplification were as follows:

First round of PCR - denaturation 94"C 1 minute, annealing 65"C I minute and

elongation 72C 2 minutes for thirty cycles followed by a ten minute extension at72C.

Second round of PCR - denaturation 94"C 1 minute, annealing 53'C 1 minute and

elongation 72C 2 minutes for 7 cycles then an annealing temperature of 6OC for an

addirional 23 cycles after which a ten minute period of extension at72'C. The annealing

temperatures were five degrees below the melting temperature (Tm-5') of the primers

used. The internal set of primers required two annealing temperatures due to the tailing

of restriction enzyme sites onto the ends of the primers. These tails are not

complementary with the CD4 cDNA sequence therefore the first annealing temperature

of 53'C was Tm-5o below that portion of the primer that was complementary to the CD4

cDNA. After the first few cycles the template for elongation was primarily the PCR
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product, not the CD4 cDNA, therefore the entire length of the primer was

complementary and the annealing temperature was raised to 6OC.

C4. Analysis and PurifTcation of the L.4 kbp CD4 Product:

After the completion of the second round of PCR, 10 ¡,cl of the amplification

product (one tenth of the total) was loaded onto a diagnostic I% agarose gel to determine

the quantity and size of the amplification products. Although smaller fragments were

present, the 1.4 kbp fragment was the predominant band. To ensure that only the full

length l.4 kbp product was being further manipulated,70¡À of the amplification product

was resolved on a lVo agarose preparative gel from where the 1.4kbp fragment was

excised. The 1.4 kbp fragment was purified from the gel matrix using the Prep-A-Gene

DNA isolation kit (BioRad) as per manufacture's instructions.

C5. Cloning of CD4:

To confirm the amplification products were of CD4 origin and not an

amplification artifact, a lVo agarose preparative gel was performed, transferred to a

support marrix and probed with a 32P labelled CD4 oligonucleotide 5'CD4 (Clonetech)

(GTGAACCTGGTGATGAGAGC position 1009-1031).

The sequencing plasmid pBluescribe (Stratagene) and the 1.4kbp CD4

amplification products were digested with the restriction enzymes (Sambrook J, et al.

1989) EcoRI and HindIII (Gibco, BRL), resolved on a I .0% agarose gel (to remove the

digested ends), excised from the gel and purified by a silicon gel matrix (Prep-A-Gene,
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BioRad). The quantity of digested, gel purified product was estimated by comparing the

intensity of staining of an aliquot (1/10 total volume) of purified product to known DNA

standards when resolved on a l% ethidium bromide stained agarose gel.

The ligation of the amplified CD4 oDNA (insert) into the sequencing plasmid

pBluescribe (vector) was performed using standard methods (Sambrook J, et al. 1989).

In brief, 50ng of the vector was incubated with the CD4 oDNA from each individual

being tested (at the nrolar ratios of vector to insert of 1:1 and 1:3),0.5 units T4 DNA

ligase (Gibco, BRL), I x ligase buffer, and .25mM adenosine triphosphate (ATP) at 16"C

for 40 hours. The ligation products, 20p.lin total, were then precipitâted by adding 0.5p1

¡RNA (l0mg/ml), 1.8¡^rl 3M NaOAc, and 41 ul 95To cold ethanol, mixed, incubated for

15 minutes at -70oC, spun for 15 minutes at 12,000 x g in a microcentrifuge and

resuspended in 10¡rl T,,Ë,. Two ¡rl was then transformed into competent E.colí DHScurM

(Gibco, BRL) for identifìcation and amplification of the vectors with ligated inserts. The

method of transformation is described below.

C6. Transformation of DHSa cells:

One tube of competent DH5ol'M cells (Gibco, BRL), stored at -80'C, was thawed

on ice and 20y.1transferred to a pre-chilled 1.5 ml microcentrifuge tube. One ¡rl of

precipitated ligation mixture (maximum of 5ng DNA) was added to the cells and

incubated for 30 minutes on ice. The cells were then heat shocked by incubating at 42C

for 60 seconds then returned to the ice. Eighty ¡rl of SOC (see Media and Solutions) was

added and incubated for one hour at 3'7"C with shaking. Ten and 90¡rl were plated
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separately onto selective plates þBS plates with ampicillin, see Solutions and Media) and

incubated at3i.C overnight. Clones with inserts were identif,red as white colonies and

were picked for further plasmid analysis. Positive control transformations included 1-6ng

of uncut pBluescribe.

c7. single strand conformation Polymorphism (sscP) Analysis:

The method used for SSCP analysis was originally described by Orita M, et al-

1989 and modified by Dr. Barbara Triggs-Raine, Department of Biochemistry and

Molecular Biology, University of Manitoba. In brief, the CD4 cDNA 1.4 kbp

amplification product from each individual was reâmplified in three sections (450, 624

and 454 bp in length), using a different reaction tube for each section. The amplification

conditions were previously described in Methods: CD4 PCR, with the exception that a-

32p deoxyadenosine 5' triphosphate (dATP) (3000 Ci/mmol, 10 mCi/ml, NEN DuPont)

was added so that the amplification product could be detected by autoradiography after

resolurion by poìyacrylamide gel electrophoresis (PAGE). Since the SSCP technique is

rnost sensitive with DNA fragments less than 300 bp, the three amplification products

were digested with specihc restrictions enzymes such that each fragment was less than

300 base pairs in length. The fragments, the primers used to amplify them, the

restriction enzyme used and the size of the resulting fragments are summarized in Table

IV.
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(Size)
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Generation of SSCP Fragments

Amplification
Primers

Restriction
Enzymes

Size of Fragments
(bp)

5' Product
(a50 bp)

Central Product
(62a bp)

3' Product
(asa pb)

Note: For sequence of amplifrcation primers see

a) 129
b) 32r

a) 223
b) 1s0
c) 251

a) 180

b) 274
Sequence Analysis of CD4.

CD4-5'PCR
3',CD4-492

5',CD4-461
3'CD4-1054

5'CD4-1025
CD4-3'PCR

RsaI

NheI
Sau3a

AvaI

Methods:

The samples were diluted 1:5 with water and 10¡.rl of this dilution combined with2p.l

sequencing stop solution (95 % formamide, 0. t% bromophenol blue and 0.1% xylene

cyanol). The samples were heated at 95"C for 3 minutes to denature the double stranded

DNA. A non-denatured control sample was run to illustrate the migration of double-

stranded products as reannealing may occur after heating. The radiolabelled fragments

and pBR322 Hpa II hot markers were resolved under non-denaturing conditions on a 6Vo

acrylamide (297o acrylamide, l% bis acrylamide)l l0To glycerol gel. The gels were run

at l2mA overnight to prevent warming and denaturation of the secondary structure of

single DNA strands. Gels were dried on filter paper and exposed to x-ray film for

several hours before development.
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C8. Sequence Analysis of CD4:

C8i. Sequencing of the CD4 cDNA:

Sequence data of the cloned CD4 cDNAs were generated with the

dideoxynucleotide triphosphate chain termination SequenaserM kit from Stratagene as per

the manufacturer's instruction. Sequencing through the multiple cloning site and into the

cloned CD4 cDNA was achieved using primers (T3 and T7) which are complementary

to the T3 and T7 promoter sites which flank the cloning site on the pBluescribe vector.

Two pri mers 5' CD4-46 I (5' -CCGAATTCTG AC ACCCAC CTGCTTC-3' correspondi ng

to posi ti on s 461 -41 8) and 5' C D4 - 1025 (5' -CCGAATTCTG AG AGCCACTCAGCTCC-3'

corresponding to position 1025-1042) and two complementary primers 3'CD4-492 (5'-

CCAAGCTTCTCTCCAAGGTCAGGGTC-3' positions 509-492) and 3' CD4- I 054 (5'-

CCAAGCTTCCCCACACCTCACAGGT-3' positions 1071-1054), were designed to

prime sequencing from within the cloned product. Direct sequencing of PCR products

from the second round of amplif,rcation (Gibco PCR sequencing kit as per manufacturer's

instructions) was performed to ensure that any discrepancies between the cloned products

and the published sequences were not due to AmpliTaqrM DNA polymerase (Cetus)

incorporation errors in the clone.

C8ii. Analysis of the Sequencing Reactions:

The sequencing reactions of both the plasmid and PCR products were resolved

on single load 8 To and double load 4% acrylamide gel using standard methods (Sambrook

J, et al. 1989). Sequences were digitally entered into the MicroGenie DNA sequencing
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program (Beckman) for alignment and analysis.

D. CELLT,]LAR ANALYSES:

Dl. kolation of PBMC from Whole Blood:

Blood was drawn by venepuncture into sodium heparin vacuÍainers @ecton

Dickinson) or into CPDA (citrate, phosphate, dextrose, and adenine) blood collection

bags (Red Cross Society International) and mixed to prevent coaggulation. The blood

was either diluted with an equal volume of PBS or layered undiluted onto ficoll-hypaque

1.077 separation gradient as per manufacturers instructions (Sigma), the volume being

not less than 20% that of the blood, and centrifuged for 30 minutes atZUC at 500 x g

(2000 rpm) in a Beckman GPR table top centrifuge. After centrifugation the PBMC

layer was removed aseptically in a sterile laminar flow hood and added to a second sterile

tube. PBS was used to wash the cells and added at a volume of 4-5 times that of the

PBMC layer. The tube was then centrifuged at 400 x g (1,500 rpm) at 20oC for 5

minutes. Following centrifugation the supernatant was discarded and the PBMC washed

rwice with l0 ml LM and centrifuged at 400 x g (1,500 rpm) at 2OC for 5 minutes.

After the final wash the cells were resuspended in LM and used as described for various

procedures.

D2. Long Term Storage of Cells:

D2i. Frenzing of PBMC or Tissue Culture Cells:

The cells to be frozen were counted on a haemocytometer and then pelleted by
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centrifuging at 400 x g (1,500 rpm) for five minutes. The supernatant was discarded and

the cell pellet was resuspended in ice cold freezing media to yield a final cell

concentration of 1-5 x 106/ml. The resuspended cells were transferred to pre-chilled

labelled cryovials, with silicon gaskets, (Nalgene) in one ml aliquots. The lid of the

cryovials was tightened and then the cryovial transferred to a pre-chilled cell frenzng

apparatus (Stratacooler, Stratagene) where cells were stored overnight at -8CPC. The nexf

day the cryovials were removed from the cell freezer, placed into canes and stored in

liquid nitrogen (LNJ.

D2ii. Thawing of Frozen PBMC:

The cryovial containing the cells of interest was removed from the LN, and placed

into the final position of a LN, storage cane. The cryovial was lowered into a 37"C

water bath where it was shaken until almost completely thawed. The cryovial was taken

to a laminar flow hood where it was opened while wrapped in an ethanol swab. The

contents of the cryovial were gently resuspended and transferred to a tube containing

lQml cold LM and mixed. A small aliquot of the mixed cells was removed, stained with

trypan blue for viability estimations and counted on a haemocytometer. The remainder

of the cells were pelleted by centrifuging at 400 x g (1,500 rmp) for five minutes at

zC.C. The supernatant was poured off, the cells resuspended and washed once in 10ml

LM. After the final centrifugation, the supernatant was removed and the cells

resuspended in variable volumes of LM to yield a known cell concentration.
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D3. HIV-I Infection of PBMC from Uninfected Resistant and Control Subjects:

pBMC were purified from 11 persistently seronegative prostitutes (MLs 1356,

1316, 1275,887, 935, 1025, 1250,893, 1260,889, 1358) and 9 HIV-I seronegative

controls with no known exposure to HIV-I (one laboratory personnel, KRF, and 8

Kenyan women attending an antenatal clinic, MCHs l:5452, 1:5451, 1:5503, l:12499,

l:8404, l:6527,1:180 and 1:7007) as described in Materials: Source of Biologic

Material. The isolated PBMC were washed twice with PBS and once with lymphocyte

media (LM) and resuspendedat2x 1Oó/ml in LM. Foreach individual tested, duplicate

wells of 1.5 x 10ó cells were prepared in a sterile 24well tissue culture plates (Corning)

and stimulated with 5 pglml phytohemagglutinin-P (PHA) (Sigma). Three days later the

stimulated PBMC were pelleted by centrifugation, the superna[ant removed, and the cell

pellet exposed to 1.2 xl}a infectious units (IU) of HIV,,,' (100 ¡rl of l-2 x 105

IU/ml)(multiplicity of infection MOI:.03 assuming 25% of PBMC were susceptible to

HIV-I infection) for 2 hours at 37'C with occasional shaking. The cells were

resuspended in 1.5 ml LM and incubated at 37" overnight. The cells were pelleted by

centrifugation, the supernatant was aspirated, and the cells were washed twice with 2 ml

pBS. The washed cells were resuspended in 2 ml LM supplemented with 5 units/ml

recombinant human interleukin 2 (lL-2) (Genzyme). After one hour, 0.5 ml of

supernatant was removed and stored at -7trC (Day 0 post infection). The cells were

returned to the incubator. At days 3, 6, and 9 post infection 0.75 ml supernatant was

removed for storage at -70"C and replaced with 0.75 ml fresh LM supplemented with 10

tJlml IL-Z. The supernatants were later analyzed for production of the HIV-I protein
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p24.

D4. Titration of Infecting Virus on Uninfected PBMC:

Titrations of the infecting virus were performed on two controls and three

persistently seronegative women. The preparation, plating, and analysis of cells for the

titration experiment are identical to the infection experiment with the exception that

duplicate wells of PBMC from each test individual were infected at MOIs of 0, .0003,

.003, and .03.

D5. HIV-I p24 Quantitation:

The HIV-I core protein p24 was detected by a sandwich ELISA using reagents

obtained through the AIDS Research and Reference Reagent Program, AIDS Program,

NIAID, NIH. Flat bottomed 96 well plates were coated with 5 ¡.,.glmI of anti-p24

polyclonal antibody D7320 in 100 mM NaHCO, at 20"C overnight. D7320 is a mixture

of three sheep polyclonal antibodies raised against the following highly conserved HIV-1

peptides:

Peptide sequences

SALSEGATPQDLNTML

GQMREPRGSDIA

LDIRQGPKEPFRDYV

p24 Amino Acid # (HIV-ILAV)

173-188

226-237

283-291

The plates were washed two times with 300 ¡rl of Tris Buffered Saline (TBS) (144 mM

NaCL, 25 mM Tris, pH 7.5). One hundred ¡rl of dilutions of test culture supematant,
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or a standard control supematant with a known amount of p24 were added to the wells

of the coated plates and incubated at 2ffC for 2.5 hours. Live virus was inactivaæd by

the addition of Empigen zwitterionic detergent (Calbiochem) (l% by volume), to the

culture supernatants and standard controls. Unbound p24 was washed away with two

washes of 200 ¡rl of TBS. Bound p24 was reported by the addition of 100 y.l of a 1:2000

dilution of the alkaline phosphatase conjugated monoclonal antibody BC 1071-AP in

TMT/SS (2% non-fat dry milk, 20To fetal calf serum and 0.5% Tween20 in TBS) for

45 minures at 20"C. Antibody BC lO7l-AP has been mapped to a complex epitope

consisting of the following HIV- 1 p24 peptides sequences

GHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQ (amino acids 193-227) and

NPPIPVGEIYKRWII (amino aeids253-267). Unbound BC 1071-AP was removed with

four washes of 300 ul of T-TBS (TBS plus 0.05Vo Tween 20) and bound BC 1071-AP

was detected using the AMPAK kit (Dako Diagnostics Inc.) according to the

manufacturer's instructions. The AMPAK system amplifìes the signal from the alkaline

phosphatase with a molecule of red formazan being produced every cycle. The reaction

was stopped by the addition of 50 ¡rl of sulphuric acid and the plates were read on an

automated ELISA reader at 492 nm. A standard curye was produced for each plate and

the concentration of p24 per ml of unknown culture supernatrant was determined by linear

regression analysis using the software "Curve Fitter-Fc" (Interactive Microware, Inc.).
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D6. Immune Memory to HIV-I Peptides:

D6i. Cellular Proliferation:

The method of detecting cellular activation to HIV-I peptides and the selection

of peptides was based on work of Clerici M, et al., L992. Isolated PBMC were

resuspended at 3 x 10ó/ml in LM. Eight separate test solutions (100¡r1/well) were added

in triplicate to the wells of a sterile 96 well plate. The test solutions used were

lynrphocyte media (LM)(negative control), recombinant soluble gpt20 (Intracel

Corporation)2pglml,fivedifferentHIV-l en.vpeptides(NIHReagentProgram)2.5pglml

and PHA-P Sp.glml (positive control). The HIV-I env peptides, their NIH catalogue

numbers, the T cell epitopes they represent and their location on the gpl20 protein are

described in Table V. Three x td pgtr¿C were incubated, at37oc, with each the 8 test

solutions (triplicate wells per test solution). Six days later one ¡rCi of 3H-methyl

thymidine (6.7 Ci/mmol, lmCi/ml NEN, Dupont) was diluted in24¡i LM and added to

each well and incubated at 37oC overnight. Cells were harvested by hltering the

resuspended cells onto a glass filter membrane held in a 96 well dot blot apparatus (Bio-

Rad). Cells were lysed by washing three times with ddH2O. The membrane was left to

dry, a wax scintillation rnaterial (Meltilex, Wallac) applied and then sealed in a plastic

bag. The filter was placed in a f,rlter cassette (Wallac) and the amount of inco¡porated

3H in each well was detected using a Microbeta liquid scintillation counter (Wallac).

D6ii. Interleukin 2 (lL-z) Production:

Detection of IL-Z production was performed as described for the peptide
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Table v: HIV-I- Peptides Used
AssaYs

NIH Cat. # T cel-l Location in
epitope HIV-1-'*. gpl2O

in Proliferation and fL-z

Peptide Sequence and T
cel-I Epitope (bolcl)

2007

1929

864

a99L

l_58 9

T1

T2

Pt-8

P23

T1_

42r-440
t-01_-1_2 0

306-327

3 61--3 8 0

4L8-441- HrVrrrB

K Q I I NIÍWQ EVGKÀII|YÀP P f E

EQMHEDTISLWDQSLKPCVK

YNKRKRIHI gRGPGRAFYTTKNI I C

TIVFNQSSGGDPEMHSFN

cRr KQr r NMWQKVGKÀIÍ YAPP r S G
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proliferation experiment with the exception that 25p.1 of a 1:100 dilution of anti-Tac

monoclonal antibody (a generous gift from Dr. Gene M. Shearer) was added to all wells.

This antibody blocked the high affinity IL-2 receptor and thus prevented consumption of

secreted IL-2 by the cells. Samples were incubated at 37"C for seven days. On day

seven the supernatant from each well, approximately 200¡rl, was removed and placed into

a second sterile 96 well plate and frozen at -7VC until assayed. The cellular pellets on

the original plates were frozen for future analyses.

IL-2 and other cytokines were detected by commercial ELISA kits (R&D

Biosystems) as per the ¡nanufacturer's instructions.

D7. Bulk B Cell Transformations:

Five to ten x l0ó PBMC were resuspended in l-2 ml of 895-8 supernatant and

incubated af 37"C. The supernatant was derived from the marmoset cell line 895-8

(AIDS Research and Reference Reagent Program, AIDS Program, MAID, NIH) which

chronically produce Epstein Barr Virus (EBV) and has been filtered through a .45 y. frLter

to remove 895-8 cells. After four hours the volume of the original supernatant was

doubled with fresh LM and incubated overnight. Supernatant was removed and the cells

were resuspended in 3ml LM supplemented with 15 Vo letal calf serum (FCSXLM-l5) and

lpglml cyclosporin A (Sandoz), which inhibited CD8+ cytotoxic T cells di¡ected against

EBV infected cells. The cells were then split equally into two separate 24 well. plates

and incubated at 37"C. At weekly intervals half of the supernatant was removed from

each well and replaced with fresh LM plus cyclosporin A. Cyclosporin A
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supplementation was used for the first three weeks after which most anti-EBV CD8+

cells would have died. The progress of the transformation was monitored by microscopy

and after 3-5 weeks, the culture was expanded into T25 tissue culture flasks (Corning).

Each B cell bulk culture was frozen in LN, in aliquots and maintained in culture' Cells

were split twice weekiY.

D8. Cetl Mediated Cytotoxic Responses to HIV-I:

D8.i 5'Cr Release Assay on Fresh PBMC:

The following method was adapted from a procedure established in Dr. K.

Rosenthal's laboratory (Grant MD, et al. lgg2). On day one, 6-10 x lff of fresh

purified PBMC from test and control individuals were esøblished at 1 x lff/ml in LM'

One tenth the total cell number was removed and stimulated with 5 y.glml PHA for three

days at 37.C (stimulator cells). The remainder of the cells (90Yo) were incubated

unstimulared at 37"C (effector cells). After three days the PHA stimulated cells were

pelleted by centrifugation, the supernatant removed, and the cells resuspended in 100 ¡rl

of HIV- 1,,,n supernatant (1 .2 x 1ff infectious units per ml). The cells were incubated for

2 hours at 37.C with occasional mixing followed by the addition of 1 ml of LM' The

cells were incubated overnight. On day four the PHA stimulated HIV-1 infected cells

were treated with 50 ¡rl mitomycin C (0.5 mg/ml) (Sigma) for 20 minutes at 37"C'

Mitomycin C treatmenr cross links the DNA of the stimulator cells which prevents them

from proliferating (back stimulation). Stimulator cells were washed four times in 10 ml

pBS, resuspended in I ml LM, and added to the effector cells. Three days later (day



70

seven of the assay) an equal volume of LM supplemented with 10 units/ml recombinant

human interleukin 2 (IL-z) (Genzyme), was added to the culture to expand proliferating

cells. At day ten 1 x 106 autologous Epstein Barr Virus (EBV) transformed B cells (the

targets) were infected with one of four recombinant vaccinia/HlV-l viral vectors by

resuspending rhe cell pellet in i.5 x 107 plaque forming units (MOI:15) for one hour,

I ml LM was added and incubated overnight at 37"C. The recombinant viruses have

HIV-1 structural genes inserted into a bacterial ß-galactosidase gene located within the

vaccinia genome (Chakrabarti S, et al., 1985). The recombinant vaccinia/HlV-1 viruses

include vSCS (wild type vaccinia with the ß-galactosidase gene), vDKl (vSC8 H,IY-l gag

inserred into vSCS), vCF2l (HIV-I pol inserted into vSCS) and vPEl6 (HlY-l env

inserted inro vSCS). The viral vectors were obtained through the AIDS Research and

Reference Reagent Program, AIDS Program, NIAID, NIH.

On day 11 of the assay the effector cells were counted and resuspended at 5 x

lgó/ml in LM. The recombinant vaccinia/HlV-l infected autologous B cells were

pelleted and resuspended in 200 ¡rl of a 1: I dilution of LM and srCr sodium chromate for

90 rninutes at 37"C. The target cells were washed four times with 5 ml of 37'C PBS

supplemented with lVo fe¡al calf serum (FCS). The target cells were counted on a

haemocytometer and resuspended at I x 105/ml in LM. The experimental wells (Exp)

were set up in duplicate with 5 x ld targets in each well with effector to target ratios of

50:1, 25:l and 12.5:l and LM was added to a final volume 200 ¡Ã. One set of wells

contained only the target cells and another set contained target cells plus 1% SDS

(sodium dodecyl sulphate) to determine the spontâneous (Min) and maximal release
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(Max), respectively, of stCr from the labelled cells. Once established the plates were

centrifuged at 400 x g for five minutes to maximize cell to cell contact and incubated for

4-5 hours at37'C. At the end of the incubation 100 ¡rl of supernatant was removed from

each well and combined with 1 ml of scintillation cocktail (Ecolume, IC¡Ð. srCr release

was detected using a liquid scintillation counter (LS 5000 CE, Beckman). Percent

spon[aneous release was calculated as Min/Max x 100. Percent specif,rc lysis was

calculated by Exp - MiniMax - Min x 100. Lysis of the B cells infected with the

recombinant vaccinia/HlV-1 (vDK1, vCF21 and vPEl6) viruses was considered

signihcant if lysis was 10% or greater than the lysis of the vaccinia control (vSC8).

D8.ii srCr Release Assay on Frozen PBMC:

The methods for the detection of HIV-1 specif,rc cellular lysis using ftozen PBMC

was identical with the procedure for fresh PBMC with the exception that a second

cryovial of PBMC cells was thawed on day 3 and cultured overnight to serve as the

effector cells. This decreased the length of time the effector cells were cultured without

stimulation from fbur days to one day.
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RESULTS:

OVERVIEW:

Over 1800 women have been enrolled in the Nairobi Prostitute Cohort since 1985.

Despite an intense level of exposure to HfV-l over several years some women have not

seroconverted to HIV-I. part I of the results section addresses the possibility that these

persistently seronegative women are resistant to HIV-1 infection and Part II examines the

potential mechanisms of this HIV-I resistance.

PART I . DETERMINATION OF RESISTANCE

A. HIV-I Serology:

The presence of HIV-I specif,rc humoral IgG antibodies was detected using

commercial ELISA and Western blot kits as described in Methods. Table VI shows the

initial and most recent ELISA and Western blot results for many of the women who have

re¡nained seronegative for at least three years. We define any woman who is actively

engaged in prostitution and who has remained seronegative for three years or more, some

up to 9 years, as being persistently seronegative (PSN).
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Table VI: HIV-I- Serological Results for the Persistently
Seronegative Prostitutes

Elisa Blot

ML
546

ML
630

ML
825

ML
851

ML
857

ML
858

ML
8?O

ML
887

IO
ND

v
ND

ND

ND

ND

ND
ND

Study Date
No.

ML 28.3.85
466 3. s.94

Elisa Blot Study Date
No.

ML 2L.6.88
LOzs 28.6.88

26.4.94

ML 16.5.89
1070 2L.9.90

18. 5.94

ML 14.5.90
LzsO 6.11.90

26.4.94

ML 2.4 .90
L260 2L.8.90

26,4.94

ML 24.4.90
L27 5 30. 1. 93

26.4.94
¡,fL 22.5.90
r2a6 3.5.94

ML l-6. 10.90
7327 22.4.94

ML 19 .2.9L
13s6 1.6.5.94

r'rL 6.3 .91
L3s8 3.5.94

ML 19. 3.91
t362 28.4.94

ML 7.5.91
l-371 28.4.94

ML 22.5.9I
1376 26.4.94

ML LL. 1.91-
1378 26.4.94

12 .9.85
3.3.88
18. 1l-. 93

L1. 1l-. 86
1.9.87
15.1L.93

2 .3 .87
10.12.91
10.11-.92

74 .4 .87
10.7 .90
26 .4 .94

28 .4 .8't
31.5.93
28.4.94
28.4.87
13 . 10. 87
26 .4 .94

26.5.87
t7 .7 .90
ls.2.93
21. s.93

23 .6 .8'7
76.'t .87
26.4 .94

+

v
ND

IO
ND

ND

ND

ND

ND

v
ND

ND
ND

ND

ND

ND

ND

ND
ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND

ND

ND
ND

ND
ND

v
ND

ND
ND

ND

-ND
-ND

ML 23.6.87
889 28 .4 .94

ML
893

l.{L
896

2Q .6 .8'7
26 .4 .94

7.7.87
3.7 .90
1?.11.93

25 .8 .87
1.9.87
17.l-1.93

ML
923

ML 8.9 .87
93s 20.3.90

26 .4 .94

ND = Not Done

ND

ND

ND

ND
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B. The Humoral Immune Resporue of the Persistently Seronegative Women:

To determine if the absence of HIV-I antibodies represented a general inability

of the immune system to mount a humoral response to any viral infection, sera from the

PSN women were tested for the presence of antibodies to Rubella virus. Antibody titres

above 10 international units was indicative of past exposure to Rubella virus. Table VII

shows the Rubella antibody titres were significantly above 10 international units. The

antibody titres were performed by the Cadham Provincial Laboratory using the Rubella

IgG Antibody IMX kit (Abbott Laboratories).

C. HLA DQAI Genetic Typing of DNA from Serum and Plasma:

It was possible that, due to a clerical error in the patient study codes or a labelling

error of the blood samples, the PSN phenomenum was actually the result of mixing

samples from two or more individuats and that no single individual had remained HIV-I

seronegative for at least three years. To determine that sequential serurn or plasma

samples collected under each PSN patient study code actually were from the same

i¡rdividual, genetic typing of DNA isolated from the samples was performed. Control

experiments were f,rrst performed to demonstrate that DNA could be isolated and

amplified from serum or plasma.

Ci. Control Experiments:

Before valuable biological material from Nairobi was used, the conditions of DNA

isolation and HLA DQAI amplification were established using serum or plasma from
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Antibody Titres to Rubella Virus

Study
Number

HIV-1
Status

Sample
Date

IgG Titre
( rulmr )

546

825

857

870

887

893

923

935

LO25

PSN

PSN

PSN

PSN

PSN

PSN

PSN

PSN

PSN

20.3.91"

22.rL.90
26 .3 .9L

22 .1-L.90

22.3 .9L

20.1-1-.90

9.7 .9L

1,8.7 .9L

2.7 .9L

1-81. 0

92 .6

349 .7

27L.6
85. t_

1_04.0

23-3 .3

204.4
274.8

IU : fnternational Units
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Winnipeg laboratory workers. A silica gel matrix was used to isolate DNA from serum.

The DNA was then detected by the amplification and subsequent probing of the HLA

DQAI locus. The HLA DQA1 locus was chosen because it is highly polymoryhic and

using allele specific oligonucleotides (ASO) the HLA DQAl genotype of one sample can

be compared to a second sample. Figure I shows that amplifiable DNA was successfully

isolated from 50¡rl of serum or plasma.

Cii. Test Experiment:

After establishment of experimental conditions, serum or plasma isolated from 13

PSN individuals in 1985/86 and again in 1990/91 were subjected to DNA extraction,

amplification (Figure 2 top) and probed with allele specific oligonucleotides (Figure 2

bottom). Table VIII is a summary of all of the ASO typing data and shows that for each

study code the serum or plasma samples, collected years apart, share the same HLA

DQA1 genotype. The entire DNA extraction, HLA DQAI amplification, and ASO

typing process was performed on a sample of water (DNA-H2O) to ensure that no cross

contamination occurred at any point in the procedure.
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GB

,Ë,Ë,$,Ë,Ë ,E
5

^rFlo r€r

=õ

tr'igure 1: Isolation of DNA from Serum.
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FÍgure l-. Isolation of DNA frorn Serum or Plasma.

The samples used to establish conditions of
DNA isolation from serum or plasma were from
Winnipeg l-aboratory workers GB, HC, ZIul and
AoA. - ó¡¡e lÂras isol-ated using a silica gel
matrix and arnplif ied with HLA DQAI- primers
GH26 and GH27. The amplification products
\Á/ere resolved on a 3. 5% agarose geI and
Southern blotted onto a nylon membrane where
they \¡/ere probed with 32P labe}led GH7 6

oligonucleotide which recognized all aIIeles
of HLA DQA1 except l-.3. The f igure is the
autoradiogram after the blot r^/as exposed to X-
ray filn for 24 hours. The lanes are marked
by the laboratory worker and the year the
serum was isolated. The negative controls
\&tere water (HzO) that had been carried through
the entire DNA isolation and HLA DQAI-

amplification procedure and PcR H2O which.was
the reagent control for the PCR reaction'
Positive controls CI, CV and cVI hlere PBMC

J-ysates from laboratory workers GB, AOA and
KRF, respectivelY.
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Figure 2. Ainptification and Genetic Typing of HLA DQA1
Locus using DNA Isolated from PSN Serum or
PIasma.

Top: Amplif ication products r¡tere resolved on
an ethídium bromide stained 3.52 agarose gel.
To prevent int,er-wel1 leakage and to increase
spacing between samples while maximizing gel
space the gel v/as loaded in a staggered Yay.
The rrArr series of samples and molecular weight
standards !üere loaded into every second weLl
and eJ-ectrophoresis was begun. Àfter 15
minutes the electrophoresi-s r^ias stopped, the
rrBrr series of samples, including the molecular
weight standards, \^tere loaded into the empty
altãrnate welIs and electrophoresis was
resumed until comPletion. The predicted
Iength of the amplification product of HLA
DQA1 locus is 242 base Pairs. The
amplification product for the rrArr series is
242 base pairs when compared to the rrArr

mol-ecular weight standard and similarly with
the rrBrr series of anplification products when
compared to the rrBrr molecular weight. Only
the rrArr molecuf ar weight standards are
labelled (in base pairs).

Bottom: The amplification products loaded onto
the agarose gel described in Figure 3A lÁ/ere
transferred onto a nylon membrane and probed
with 32P labelled al- lele specif ic
oJ-igonucleotide HE46 which identifies the HLA
DQA1 allel-e 4 subtyPes 4 .2 / 4 .3 .
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Table VIII: Binding Patterns of HLA DQA1
AmPlification Products of DNA

AIIeIe Specific oligonucleotides
Isolated from Plasma and Serum.

to

CoIIectlon
Ðate

Binding Allele Specific HLA DQA1
AIleIesStudy

Number
Sample
Number

1 14a

i-14b

546a

546b

'1 6'7 a

7 67b

7 68a

7 68b

825a

a25b

857a

857b

870a

B70b

893a

89 3b

896a

896b

923a

923b

935a

935b

9 68a

9 68b

IO25a

102 5a

DNA-H.O

oliqonucleotide ASO)

tt4
tr4
546

546

't 6'1

167

164

764

825

825

857

857

870

870

893

893

896

896

923

923

93s

93s

968

968

102 5

t-o2 5

DNA-H.O

2t/2/85
26/4/88
t4/rt/es
20/3/er
13/r/87
I /7 /e).
e/r/87
2s/r/et
24/2/8't
22/rr/eo
6/to/87
26/3/et
30/6/87
22 / t1. /eo
7 /8 /87
20 / t1. /90
1,t /e /87
2t/t/er
2e /e /8'7

e /'7 /er
I /e /87
re/7 /et
r8/2/88
e/7t/eo
28/6/88
2 /7 let

L.2 / r.3
L.2 / t.3
t.2/1.3
r.2 / 1,.3

2¡3
2;3

RH83, GH89

RH83, GH89

RH83 , GH89

RH83, GH89

cH67 , RH7 1

cH67 , RH? 1

RH83 , GH88, RH71, HE46

RH83 r GH88 r RH7 1, HE46

cH66, GH89 , RH7 1

cH66, GH89, RH7 1

RH83 , GH89 , RH7 1

RH83, GH89, RH7 1

cH66, RH83, GH88, HE46

cH66, RH83, GH88, HE46

cH66, GH89

cH66, GH89

cH66, GH89

cH66, GH89

cH66, GH89

cH66, GH89

cH66, RH83, GH89

cH66, RH83, GH89

RH83, GH88, GH89, HE46

RH83 , GH88, GH89 , HE46

cH66, RH83, GH88, GH89 , HE46

cH66 , RH83, GH88, GH89, HE46

I.t¡2¡4.2/4.3
L.t¡2;4.2 /4.3
2¡4.I
2¡4.1
I.2 / t.3 ¡2
I.2 / t.3 ¡2
t.L¡ 4.2 / 4.3

L.I¡ 4.2 /4.3
4.7
4.1
4.L

4.1

4.r
4.7

I.2/1.3¡4.1
I.2/L.3¡4.t
I.L;4.2 /4.3
t.I¡ 4.2 /4.3
t.I¡4.2/4.3
t.I¡ 4.2 / 4.3
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D. DEGREE OF EXFOSI,]RE:

Of 424 initially seronegative women followed for I to 9 years, 239 have

seroconvefted to HIV-I, in spite of comprehensive prevention efforts (Ngugi EN, et al.

1988). The overall HIV-I seroincidence was 42 per 100 person years. The magnitude

of sexual exposure to HIV-I in this cohort can be estimated by U : a'b'c'd, where

U:unprotected sexual exposures per year, a:average number of clients per day,

b:estimated work days per year, c:HIV-1 prevalence among clients, and d:proportion

of clients not using condoms. In 1986, 12% of the clients were HIV-I seropositive

(Simonsen JN, 1988) and this prevalence has since increased substantially. Using cohort

averages (Simonsen JN, et al. 1990; Plummer FA, et al. 1991) (a:4, b:200) and

adjusting condom use and HIV-l prevalence among clients for observed increases (Ngugi

EN, et al. 1988), the average number of unprotected sexual exposures to HIV-1 per year

for these women increased from 24 in 1984 to 60 in 1993. Since the number of

unprotected exposures to HIV-1 infected partners has increased over time, the risk of

seroconversion should also have increased, in a homogeneously exposed population.

However as shown in Figure 3, after a very high HIV-I seroincidence over the first two

years of follow up, HIV-I prevalence began to plateau and the incidence declined

markedly, which was contrary to theexpected increasing risk of seroconversion. Among

women remaining seronegative for three years, the seroincidence declined markedly and

a fraction of women remained persistently seronegative for periods of up to nine years.
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Probablllty

13 20 27 3g 40 47 53 60 67 73 80 87 93 100

Tlme (months)

FIGURE 3: Survival Curve of the Time to HfV-1 Seroconversaon
Among 424 Prostj-tutes in Nairobi.
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FIGURE 3. Survival Curve of the Time to HfV-1
Seroconversion Among 424 Prostitutes in
Nairobi.

Kaplan-Meier plot of the time to HIV-1
seroconversion is shown with the rnarked line.
Women were followed at six nonth intervals and
btood r¡/as taken f or HIV-]- serology.
Seroconversion was defined as a positive HIV-I-
enzyme immunoassay and a positive immunoblot
or confirmatory enzyme immunoassaYr among
\¡/omen previously seronegative. The time of
seroconversion was estimated as the nid-point
between the last seronegative and the first
seropositive date.
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E. Survival Modelling of Time to HIV-I Seroconversion:

With the assistance of Dr. N. Nagelkerke three mathematical models commonly

used in survival analyses (Elandt-Johnson RC) were fitted to the cohort time to

seroconversion data. The first model was an exponential model that assumes that all

individuals are equally susceptible to HIV-1 infection and that given time all individuals

will become infected. The second model was a Weibull model that assumes that

susceptibility to HIV-1 infection declines over time, by the factor b, to the point that

sorne individuals beconre resistant to infection. The third model, called the mixture

model, assumes that a portion of the cohort was susceptible to HIV-I, as described by

the exponential model, but a fraction of the cohort (f) were totalty resistant to HIV-I

infection from Day 1. The models were fitted to the survival data using maximum

Iikelihood with interval censoring. Log-likelihoods were 1772.9,1758.6 and L753-7 fot

the exponential, Weibull and mixture models respectively. As seen in Figure 4, the

mixrure model described the survival curve better than Weibull model (Chi-square 38'4,

p<.00001) which was itself a better description than the exponential model.

F. Declining Risk of Infection vs. Increasing Exposure:

Il rhe risk of HIV-I infection declines over time as a result of the selection of

resistance to HIV-l infection, thedegree of protectioh should be related to theextent of

exposure. To examine this, we compared the incidence of HIV-I infection among

women with a duration of prostitution of more than three years with that of women with

a duration of prostitution of less than three years, for calendar yeais 1989 through L993-
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Probablllty

o 7 1g 20 27 33 40 47 53 60 67 73 80 87 93 100

Tlme (months)

FIGURE 4. Survival- Modelling of the Time to HIV-1
Seroconversion Among 424 Prostitutes in Nairobi.
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FIGURE 4. Survival ModeJ-Iing of the Time to HIV-I
Seroconversion Among 424 Prostitutes in
Nairobi.

The survival- curve described in Figure'3 is
shown with the marked l-ine. Three models \¡/ere
fitted to the data using maximum likel-ihood
with interval censoring. The dashed line
shows the expected time to seroconversion if
the seronegative survival time (S,) is
exponentiaÌIy distributed (S,:eot or St:exP(at),
model parameter a:-0.0013, in this instance).
The ¿bttea line shows expected time to
seroconversion under a lrIeibul1 distribution
( s,:exp (ato) with â:-o ' 00589 and b:0. 77') ' The
solid-unmarked line shows the expected tiine to
seroconversíon from a mixture modeÌ (S,=f+(t-
f ) eot, f being the fraction of the population
which is resistant to infection, f=-L64r d:-
o. 0021) .
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An increasing protective effect for each seronegative year of prostitution was observed

(1989: odds Ratio(oR) :|3, 95To conftdence intervals (95%CD 0.6-4.84, p:0.33,

1990: OR:3.5, 95% cI 1.26-9.45, p:0.02, 1991: OR:4.43, 95Vo CI t-l-t7-46'

p:0.03, 1992: OR:4.76, 95% CI1.36-1.6.5,p:0.01, 1993: OR:12.8,95% CI3.81-

43.3, p<0.0001). However, the extent of exposure is proportional not only to the

duration of prostitution, but also to HIV-l prevalence among clients (increasing), the

number of clients (constant) and condom use (increasing), with the net effect being an

increase in overall infection pressure during the HIV-1 epidemic in Nairobi. To account

for this effect, each year of prostitution was weighted and examined the relationship

between weighted year of exposure as a time-varying independent variable and the risk

of seroconversion by Cox regression modelling (Cox DR, et al. 1,972)- As shown in

Figure 5, women who initiated prostitution in 1984 and who remained HIV-1 uninfected

through 1984 had a relative risk of HIV-I seroconversion in 1985 of .93, compared to

women who began prostitution in 1985. Similarly, women who became prostitutes in

l99Z and escaped infection in that year had a .35 relative risk of seroconversion during

1993, compared to women who became prostitutes in 1993. The estimated cumulative

protective effect, for women practising prostitution from 1984 through 1993 and

remaining seronegative, compared to women beginning prostitution in 1994' was

approximately a 100-fold reduction in the risk of infection'

Thanks to Dr. F. A. Plummer for performing the above analyses.



89

Rlek of
lnfectlon

Relatlve
Proteetlon

84 85 86 87 88 89 90 91 92 93

Year of exposure

efeUnn Ss Protective Effect of Exposure to HIV-1 Through
Prostitution on Subsequent Risk of Seroconversion.
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FfcURE 5. Protective Effect of Exposure to HIV-1 Through
Prostitution on Subsequent Risk of
Seroconversion.

Although the risk of HIV-1 seroconversion has
declinéd with time in this cohort, simply
using years of exposure as a measure of any
protéciion conferred does not take into
considerationthechangesininfection
pressure resulting from increases in client
HIV-1- prevalence and increasing use of
condoms. To account for this effect, wê
calculated an exponentially weighted duration
of prostitution f or each, . wJrth e.ach year of
proåtitr,,tion weighted by 

"(txcalendarYear), 
TT being a

measureoftheincreaseintheinfection
pressure per year- Cox proportional hazard
modelling- widn the weighted duration of
prostitution as a time varying independent
variable was used to analyze the relat,ionship
between this variable and HfV-l- incidence' fi
was estimated by maximizing the cox likelihood
with respect to r¡, yielding a value for Tr of
. 12 which !'¡as signif icantly larger than 0 'pcO.OOl-. This value corresponds to a doubling
in infection pressure every Lnz/.l-2=5 '8 years'
The cumulativê reduction in risk is shown with
the continuous line (teft Y axis) and the
relative protective effect for each year
relative tó tfre subsequent year is shown with
the histogram (right Y axis).
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G. Anatysis of Risk Factors for the Acquisition of HIV-I:

Although the risk of HIV-I infection decreased with the time of exposure, the

decline in risk may have been related to the selection of women with safer sexual

behaviours or immunity to STD which facilitate HIV-I transmission, as well as to

resistance to HIV-I. However, the duration of prostitution remained significantly

associated with a reduction in HIV-I incidence (hazard ratio:0.73,95% conf,tdence

intervals 0.66-0.8, p<.001) when age, number of sex partners, number of regular sex

partners, condom use, gonococcal and chlamydial cervicitis and the frequency of genital

ulcers disease were included in the Cox modelling as independent variables. This

indicated that the protective effect of increasing exposure was not explained by these

fàctors.

Thanks to Dr. F. A. Plummer for performing the risk factor analyses.

H. Seronegative HIV-I Infection:

It was possible that the PSN women were infected by HIV-1 but were not

producing a humoral immune response, ie. a seronegative HIV-1 infection. Since HIV-I

ELISA and western blot tests detect the immune response to HIV-I and not the virus

itself, a test was needed that would directly detect the presence of HIV-I. The

polyrnerase chain reaction (PCR) is sufficiently sensitive to detect HIV-I provirus in

infected lymphocytes and was chosen to determine if the PSN women are infected by

HIV-1.
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Hi. Establishment of HIV-I PCR:

Ar the rime rhis srudy was initiated in 1989 little data were available about HtV-l

pCR and it was decided that a novel system was required. Regulatory genes were chosen

as the targets for amplification because of their high degree of sequence conservation

between HIV-1 isolates. Using the sequence information made available through the Los

Alamos AIDS and Human Retrovirus database, conserved regions of víf, nef anð rev

genes were selected for amplification primers and internal probes (for oligonucleotide

sequences see Table I). For comparison purposes, primers SK68' and SK69' and probe

SK70', which were based on published PCR oligonucleotides to env (Ou C-Y, et al.

l9B8), were used. Figure 6 shows the locations of the amplification target regions on

a schematic of the HIV-1 proviral genome. Optimal conditions for HIV-I PCR were

esrablished using HIV-I infected PBMC from V/innipeg patients and the plasmid

pBH l0R-3, which has the full length HIV-luHro provirus, minus a portion of the 5' LTR,

cloned inro the plasmid pSP64 (Ratner L, et al. 1987). Amplif,rcation products of the

correct predicted length hybridized to radiolabelled internal oligonucleotides (Figure 7).

The limit of detection of these PCR systems was determined by serially diluting

a known amount of plasmid pBH10R-3 in a background of uninfected genomic DNA

fiom rhe CD4+ T-lymphocyte cell line Molt. As can be seen in Figure I the nef PCR

sysrem can derect 3.8 viral copies in a background of DNA from 150,000 cells. Table

IX summarizes the results for the limit of detection of the various PCR systems and

shows that the vif and n.ef PCR systems were as sensitive as the published enu system,

while the rev system was ten-fold less sensitive.
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HIV GENOMIC MAP
(kilobase Pairs)

GAG

I
VIF NEF

c=I
I
LTR

7í''
I
LTR PoL ENV

r----r = PGR Amplified Region

6: Loaation of HIV-I- PCR Systems on the HIV-I- Genome.

closed boxes represent the open reading frames of
HIV-1 and the ãp"t boxes represent the regions
amplified by the various PCR systems'

Figure
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Figure 7 z Anplification and Detection of PCR Products
from RegulatorY Genes.

Figure 7 (top) is a Southern blot of the
arnplification products of vif PcR from the
PBMC of 1-1 different HIV infected Winnipeg
individuals (A-K) probed with the internal
oligonucleotide vif-g. The predicted size of
the vif PcR product is 1-54 bP which
eorresponds to the band hybridizing to the
probe. The plasrníd pBHLOR-3 l¡tas used as a
positive control (+) and the molecular weight
standard used vtas Boehringer Mannhiern
Molecul-ar Weight V.

Figure 7 (bottorn-left) is a Southern blot of
nef PcR products probed with the internal
ol-igonucleotide nef-B. Sanples Al-, A2, 81 and
BZ are PBMC from HIV-1- infected Winnipeg
individuals. Samples Cl- and C2 are PBMC from
HIV-I- uninfected laboratory workers (negative
controls). The predicted size of the
amplification products of nef PCR is L73 bp
which is the size of the band hybridizing to
nef-B.

Figure 7 (bottom-right) is a Southern blot of
rev PcR products probed with the internal
oligonucleotide rev-B. Negative controls,
samples Cf, CII, and CIII, are PBMC from HIV-1
uninfected Iaboratory workers while the
positive control is plasmid pBHIOR-3. The
probe rev-B hybridized to a L75 bp fragment
which is the predicted síze of the rev
amplif ication product.
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nef'Sens¡tiv¡ty
(virat copy number)

3800 380 38

' ' ''' '_

ì
ãEbp

- 434

-267

-1 84

-124

- 434

-267

-184

-124

Figure 8: neÍPCR System Limit of Detection
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Figure 8: nef PCR System Limit of Detection

A known amount of the plasmid pBHLOR-3 v/as
serially diluted in a background of HIV-l-
uninfected genomic DNA. one pg of human
genornic DNA, the equivalent of DNA from
tSO,OOO cells v/as maintained in each PCR
reaction while the amount of plasrnid varied.
Each dilution was tested in quadruplicate'
Negative controls consisted of the reagent
control (-) and uninfected Molt DNA alone
(MoIt) , while the positive control r¡ras

undiluted pBHl-OR-3 ín ddH2O (+) . For this
experiment the molecular weight standards vtere
5 I end labelted with 32P and are tabelled as
shown.
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Table IX: Limit of Detecti-on of the various HIV-1 PCR

Systems.

Target Gene Primers Used # of Viral Copies
Detected / l5O, O0O
ceIIs

env

v)-I
nef
rev

sK68t & SK69'

vif-A' & vif-cl
nef-At & nef-Cl
rev-Ar & rev-Cl

3.8
3.8
3.8
38.0
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The pCR systems were shown to be very sensitive and able to detect HIV-1

infection in Winnipeg specimens however, due to the paucity of sequence information of

African isolates, especially East African isolates, it was not known if these PCR systems

would detect Kenyan isolates of HIV-I. To determine this a pitot study of HIV-I

infected PBMC from 4 Winnipeg and 7 Kenyan individuals was conducted' As seen in

Figure 9 the env (sK) PCR system was able to detect winnipeg and Kenyan isolates'

Table X is a summary of the PCR results from the same piiot study using the other PCR

systenrs. The env, vif and nef PcF. systems were all able to detect Kenyan isolates and

were chosen for further studies. Since the rev PCR system had a limit of detection 10-

fold less than the other systems and did not detect any of the Kenyan isolates its use was

discontinued.

Hii. Sensitivity and Specificity of the HIV-I PCR Systems:

The sensitivity and specificity of the HIv-1 PCR systems wele determined in a

second pilot study that examined 22 known HIV-I seropositive and 17 seronegative

individuals from the Nairobi cohort. A PCR positive sample was defined as one that

reacted with at least two PCR primer sets. With this definition the sensitivity and

specificity of the combined PCR systems, when compared with HIV-1 serology, were

100% and 88%, respectively (Table XI).
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Figure 9: Detection of Kenyan HIV-I Isolates with the ¿ny (SK') PCR system.
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Figure 9: Detection of Kenyan HIV-]- Isolates with the
env (SK') PCR sYstem.

Southern blot of the arnplif ication
products from env PcR probed with the
iadiolabelled internal- oligonucleotide
SK7Ot. Samples 4I, 46, 88, 9L, 93, 95
and LO7 are from KenYa, samples A4, 82,
85 and 86 are f rom VtinniPeg. The
negative controls are the reagent control
(HzO) and uninfected PBMC (-) and tþ"
poãitive control (+) is the plasmid
pBHl-OR-3. The molecular weight standards
were 5rend labelled with 32P.



Tab1e X: HIV-I-

to2

PcR on ltinnipeg and Kenyan Specimens.

Primers ABBB
4256

88464I 9t_ 93 95 1,O7

Specimens

African Winni

env

vif
nef
rev

+

+

+

+

+

+

ND

+

ND

+

ND

+

+

ND

++
++
ND ND

+++
+++
+++
+++

+

+

+

+

ND : Not Done
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Table XI: Sensitivity and specificity of HIV-l- PcR on
Nairobi SarnP1es.

Sensitivity vif env nel total
PCR+ of
Antibody+

Specificity

20/21:.95 20/22=.91' 2L/2L:1-.0 21"/21=1'0

vif env nef total
PCR- of
Antibody-

L3/L7:.76 L5/17:.88 L5/L7:.88 15/L7:'88
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Hiii. HIV-I PCR on PBMC from the Persistently Seronegative Women:

HIV-I PCR was performed on lysed PBMC of the PSN women. Figure 10 is an

example of a typical HlV-l PCR Southern blot. Table KII summarizes the data from all

of the PCR experiments performed and shows 9l% (2t123) of the PSN women tested

have remained PCR negative. The two who becarne PCR positive had only been enrolled

in the cohort for 3 years; the minimum time to be included in the PSN category.

Part I Results SummarY:

This section of the results has presented evidence to suggest a) the phenomena of

persistent seronegativity is real, b) these women have been sufficiently exposed to HIV-1

that it is statisticalty improbable that they remain uninfected, c) seronegative HIV-I

infection as assayed by PCR does not explain the absence of infection and d) differences

in HIV-l exposure or acquisition co-factors can not account for the fact that they remain

uninfected. Thus, by a process of elimination, it can be hypothesized that these

persistently seronegative women remain uninfected because they are resistant to HIV-l-

Part II of RESULTS explores potential mechanisms of this resistance.
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Figure 10:

106

HIV-1 PcR on PBMC from the Nairobi
Prostitute Cohort.

HIV-1 vjf PCR was performed on PBMC from
the Nairobi Prostitutes. The
amplification products v/ere resolved on a
3.5>o agarose gel, Southern transferred to
a nylón supþort, and probed with 32P

labelled internal- oJ-igonucteotide Vif-B.
The samples are identified by the study
codes of the individuals tested and are
Iabelled on the figure. MLs 466, 5461
857 and 887 are PSN. MLs 377, 4L4, 61'2
and 7O7 are HfV-l- seroconverters. MLs
489 and 7 67 v/ere HIV-I- seronegative at
this time but have subsequentlY
seroconverted. AIl PBMC !üere isol-ated
between Novernber 1-990 and July I99L.
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HIV.]- PCR ON PBMC
Seronegative Vlomen:

from the PersistentlyTab1e XIf:

Study
Number

ML 466

546

556

ML 630

ML 825

ML 851

ML 857

ML 858

ML 870

ML 887

ML 889

ML 893

ML 923

ML 935

Date
CoIlected
L2.4.9L
3 .5.94
20.3.9L
1_9. 10.90
3.5.94

26. rO .

22. LL.
ND

26 .3 .9L
28.4 .94

26.1,1_.90
26.4 .94

22.1,1.90

22.3.9L
26.4.94
28.4.94
20 . ]-1. 90
26.4.94
ro.7 .9r
1,8.7 .9L

HIV-1
PCR

l

Study
Number

ML LO25

r_07 0

1,250

ML 1260

ML 1275

ML 1,286

ML 1-327

Date
Collected
3.7 .9L
26.4.94
ND

26.4.94

26.4.94
26.4.94
ND

22.4.94

HIV-]-
PCR

ML

ML

ML

ML

90

90

ML 1356 L6.5.94

1358 3.5.94
]-362 ND

1-37 L ND

1,37 6 26.4.94

1_378 26.4.94
r490 3 .5 .94

ML

ML

ML

ML

ML

ML

ND : Not Done
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PART TI - EXPLORING MECIIANISMS OF RESISTANCE.

A. Innate Resistance:

It is possible that the resistant women are not infected by HIV-I because their

cells can not support the replication of HIV-I. We have termed this ability to resist

infection innate resistance. The next section of results will explore the possibility that

these women are innately resistant to HIV-1.

B. Receptor Mediated Resistance to IIW-L fnfection:

The interaction of HIV-1 membrane glycoprotein, gp120, with the major cellular

receptor, the CD4 molecule, is highly specific and has been mapped to a few amino acid

residues (Lasky LA, et al. 1987; Pollard SR, et al. 1991). In viffo experiments have

shown that alterations in the protein sequence of gp120 or CD4 can have dramatic effects

on rhe ability of HIV-I to infect the cell (Fleury S, et al. , I99L). To determine if a

change in the CD4 cellular receptor accounted for the absence of infection in the resistant

prostitutes, the CD4 molecule was cloned, sequenced, and the predicted open reading

frames compared to published sequences and to sequences derived from seroconverting

women.

Bi. Establishing Conditions for CD4 Analysis:

PBMC from Winnipeg laboratory staff were used to establish conditions for the

isolation of mRNA, first strand synthesis of CD4 cDNA, amplihcation, and cloning of

the resultant products. Figure I I top shows the amplification products from two separate

pBMC samples from which mRNA was extracted, primed for first strand oDNA
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Figure 11: The Generation and Confirmation of CD4 cDNA Amplification
Products.

CD4 cDNA Amplifïcation
by Nested PCR
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Figure 1- l- :

t_l_0

The Generation and Confirmation of CD4
cDNA Amplification Products.

The rnRNA r',tas isolated from the PBMC of
two Vlinnipeg laboratory workers KRF
(PBLI-) and JNS (PBL2), primed for first
strand cDNA synthesis with the primer
3'CD4-Nest and arnplified using the nested
protocol described in Methods. As
positive controls the plasmid pT4B, which
includes the full length CD4 cDNA, I¡tas
amptified using the nested PCR strategy
(+nested) and using only the internaL
primers (+non-nested) .

Figure 1-1- (top) is an ethidiurn bromide
stained agarose geI of the anplification
products of the CD4 cDNA PCR. The
predicted size of the CD4 cDNA
arnplif ication is L.4 kbp which is the
size of the product generated.

Figure 1l- (bottom) is a Southern blot of
thã above gel probed with a 32P labelled
internal CD4 oligonucleotide, 5r CD4.
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synthesis and amplified by nested PCR as described in Methods. The predicted

molecular weight of the CD4 cDNA amplification product was 1.4 kbp which was the

size of the band observed. A 32P labelled internal CD4 oligonucleotide, 5'-CD4 was used

to conf,rrm that the generated product was the CD4 oDNA (Figure 11 bottom)- Two

positive controls were included that used the plasmid pT4B (Maddon PJ, et al. 1985)'

containing the full length CD4 cDNA as template. The first control (*nested) was the

product of the nested PCR strategy and the second (*non-nested) was the product of

pCR using only the internal set of primers. The difference in the intensity of the fwo

signals from the two amplification strategies illustrated the increased sensitivity obtained

using the nested PCR strategY.

Initially PBMC from 3 resistant and 3 seroconverting prostitutes were chosen for

CD4 analysis. However, after the analysis was complete two of the resistant women

seroconverted (ML 825 and 870) attering the ratio to I resistant and 5 seropositive

women. One to three x 106 PBMC were frozen as a pellet in PBS at -70"C in Nairobi

and shipped to Winnipeg for mRNA extraction, first strand oDNA synthesis and CD4

amplification. The major product of the PCR was a 1.4 kbp band that corresponded to

the band observed in the positive control, pT4B. However, as seen in Figure 12 (top)

there were also minor amplification products of smaller sizes. The gel was Southern

rransferred and probed with the internal CD4 oligonucleotide to confirm that the products

amplified were of CD4 origin, Figure 12 (bottom). The 1.4 kbp fragment was excised

fiom the gel and purified by silica gel matrix (Prep-a-Gene, BioRad) as per the

manufacturers instructions. The gel purif,red 1.4 kbp fragment was redigested with EcoR
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Figure 1-22
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CD4 cDNA Arnplification Product from
NairobÍ Specimens.

Total cellular mRNA was isolated from the
PBMC of Nairobi prostitutes, first strand
cDNA prirned with a CD4 oligonucleotide,
and anplified with the nested cD4 PCR
strategy.

Figure L2 (top) is an ethidiun brornide
stained get of the amplífication products
from prostitutes 930 (Iane f-) and 87O
(lane 2) and the positive control plasrnid
pT4B. The molecular weight marker is the
l- kb ladder.

Figure L2 (bottorn) is a Southern blot of
the above gel probed with the 32P labeI1ed
internal CD4 oligonucl-eotide 5 ' -CD4.
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I and Hind III, gel purifîed, and ligated into the multiple cloning site of pBluescribe.

The ligated plasmids were transformed into E. coli strun DH5o and plated on selective

medium þBS plates). White colonies were isolated and small scale plasmid preparations

were performed to isolate recombinant plasmids. Plasmids were digested with Nde I

which liberated the CD4 cDNA insert due to engineered unique Nde I sites in the internal

PCR primers. The3.2 kbp pBluescribe plasmid contains a single Nde I site at position

184. As can be seen in Figure 13, when pBluescribe with no insert was cut with Nde

I it linearized the plasmid, lane 11. However, when a CD4 cDNA was inserted into the

plasmid and digested with Nde I, the 1.4 kbp insert was released from the multiple

cloning site and the3.2 kbp plasmid, digested at position 184 generating two fragments

of 0.7 and 2.5 kbp.

Bii. Single Strand Conformation Polymorphism Analysis of CD4:

The method chosen for preliminary analysis of the CD4 cDNAs was single strand

conformation polymorphism (SSCP) analysis. SSCP is sensitive enough to detect single

nucleotide changes. The technique takes advantage of the observation that upon

denaturation, a single strand of DNA will fold back onto itself in a conformation that is

sequence dependent. The CD4 cDNAs were resolved on a non-denaturing

polyacrylamide gel. The rate of migration of single stranded DNA within a non-

denaturing gel is conformation, and therefore, sequence dependent. Shifts in the

rnigration patterns of test DNA can be compared to wild type DNA to determine if

nucleotide changes are present in test DNA. SSCP is most sensitive for fragments of
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Figule 13: Liberation of the 1.4 kbp CD4 cDNA from pBluescribe lty Nde I
Digestion.



Figure 13:

116

Liberation of the L.4 kbp cD4 cDNÀ frorD
pBluescribe by ¡Vde J Digestion.

colonies were picked from pBS plates,
rnini-plasmid preps prepared and lvde .r
digestion performed. The above figure is
a 12 ethidiurn bromide stained agarose ge1
of digested and undigested plasnid preps.
Lanes 1-5 are undigested plasmids,
sho\,/ing the open circle and supercoil
forrns, fron clones A-F. Lanes 7-11 are
cfones A-E digested with Nde I. Lanes 6
and 12 are enpty, lane 13 is the L kpb
l-adder . cl-ones A-D, derived fron
prostitutes LO26, 935 | a7o | 87o
respectively, were picked fron white
colonies and clone E was picked fron a
blue colony as a negative controL, to
iflustrate how pBluescribe appears
v¡ithout an insert. clones A, c and D
contain 1.4 kbp inserts whife clone n di-d
not contai"n an insert,
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DNA less than 300 bp, accordingly , the 1.4 kbp CD4 cDNA was amplified in three

separare porrions (450,624 a¡d 454 bp in length) which were then indivídually digested

by specific restriction enzymes to generate fragments less than 300 bp (see Table IV in

Methods which summarized the fragment sizes and the restriction enzymes used).

Figure 14 is an example of the SSCP analysis showing multiple banding pattems which

suggest variations in the DNA sequence.

Biii. Sequencing of the CD4 cDNA:

The clones of the various CD4 cDNA were sequenced by dideoxynucleotide chain

termination using the Sequenase kit from Stratâgene. Any changes observed relative 1o

the published sequence were confirmed by direct sequencing of the PCR products

generated from the original amplification of the CD4 cDNA. Sequence analysis

(summarized in Table XIII) revealed two non-synchronous and one synchronous change

within the isolates. The first non-synchronous change occurred at nucleotide positions

351 and was conserved in all six isolates. The second non-synchronous change was at

position 783 and was observed in one se¡oconvertel (ML 069). There was one alteration

that encoded an amino acid change (synchronous) at nucleotide position 868 ând amino

acid 240 (Figure l5). This change was observed in one of the individuals (ML 825) who

subsequently seroconverted. Since none of the changes observed protected ML 825 from

seroconversion it was concluded that the observed nucleotide or amino acid changes in

the CD4 molecule do not explain resistance. The¡e was insufltcient evidence to suggest

that resistance was at the CD4 celluiar receptor level.



Figure 14 SSCP Analysis of CD4 oDNA



Figure 14:
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SSCP Analysj-s of CD4 cDNA.

The cD4 CDNA h/as amplified in the
presence of a32P dÀTP, into three
segments, each segnent digested \^/ith
specific restriction enzymes, heat
denatured and loaded onto a non-
denaturing polyacrylarnide geI. The above
figure is the autoradiograrn of the third
segment of cD4 arnplLf ied, digested with
AvaI, and resoLved. Since some of the
single strands reanneal after cooling
lanes l- and 2, starting from the left,
shohr two samples, 069 and 825, that have
not been denatured ill-ustrating the
location of the two undenatured DNA
fragrnents, 18o and 274 baÉe pairs. Lane
3 is empty while lanes 4-1-l- are denatured
samples labelled h¡ith the appropriate
study nunber. The right rnost lane is the
mol,ecular r¡/eight marker (pBR3?2 digested
with llpa f.r end filfed h¡ith orrPdcTP) .



TAb].E XIII:

Study Number

120

Sequence Analysis
Prostitutes.

of CD4 CDNA from Nairobi

Nucl-eotide
Po s it ion

Arnino Ac id
Pos iti-on

Pe rs istent
Seronegative s
896

seroconverters
o69

663

825

470

930

351 C*T

3 5 1 C--+T

783 C-T

351 C-+T
868 c'+T

351 C-T
168 C-+T

351 C-+T

35L C-T

67 No Change

67 No Change
211 No Change

67 No Change
240 Arg*1¡P
67 No Change
2 40 Arq-+lYP

67 No Change

67 No Change
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Figule 15: Syrrchronous Nucleotide Change at Position 868 of the CD4 cDNA



Figure 15: Synchronous NucIeoÈide Change at Position
868 0f the cD4 CDNA.

The sequence infornation on the feft and
right sides of the figure are the cD4
cDNÀ of ML 896 and ML 825, respectively.
The seguencing products were resolved on
a 4å polyacrlyarnide gel as described in
Methods. Position 868, indicated by an
arrov¡, is the site of the polymorphisrn'
ML 896 has a cytosine at position 868
which is the wild type sequence r,¡hiLe ML
825 has a thyrnidine which encodes for an
amino acid change at position 240.
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C. Post Receptor Resistance Mechanisms:

If the resistance to HIV-I infection is not at the receptor level it may be the result

of a post receptor blockade in viral replication. To investigate this possibility, PBMC

from the ¡esistant prostitutes were exposed in vito ro a laboratory strain of HIV-I, HIV-

1,,,u. The supernatants were monitored at intervais for the production of the viral co¡e

protein p24 which was used as an indicator of productive infection. The PBMC from 11

resistant worren and 9 low risk HIV-1 seronegative persons (8 Kenyan women f¡om the

local ante-natal clinic and one Winnipeg laboratory worker) were infected as described

in Methods. The PBMC from the resistant women demonstrated p24 production

indicating that the cells were capable of supporting viral replication. The mean p24

production of the resistant women was statistically no different than that of the low risk

controls indicating that, at an MOI of 0.03, the PBMC of the resistant women were just

as susceptible to HIV-1 infection as the control (Figure 16). However, it has been

suggested (Williams LM, et al. 1991) that only at low MOI are differences in

susceptibility to retroviral infection apparent. To determine if lower MOIs affect the

susceptibility of the PBMC to HIV-l infection, PBMC from 2 low risk negative controls

and 3 resistant individuals were exposed to serial dilution of HIV-1rrrB and cultured as

above. As shown in Figures 17 a¡d 18, all individuals tested were equally susceptible

to HIV-l infection at all MOIs tested. Ftom these results we conclude that the PBMC

of the resistant women did not have a post receptor biockade to viral infection.
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Figure 16: Mean in vitro p24 Production from the PBMC of Resistant and

Conrrol Individuals Infected '¡/ith HIV-1urB (MOI:.03).

PBMC from eleven resistant and nine low risk HIV-I seronegative
cont¡ol individuais were tnfecfeÀ in vitro wíth HIV-1[* and
supematånt removed every three days to assay for p24 production.
Each individual was tested in duplicate and the average used to
generate the mean for the group. The mean p24 production
(pglml) of the low risk seronegative individuals (r) and the
resistant prostitutes (l) are plotted with stândard deviation error
bars.
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Figure 17: p24 Production from PBMC of Resistant Prostitutes InfecÞd ín

vitro at low MOIs with HIV-I.

Figure l8: p24 Production from PBMC of Low Risk Seronegative Controls

Infected in vitro at low MOIs with FIIV-1'

In vito infection of PBMC, as described in Methods, was

performed using log dilutions of the infecting virus. The MOIs

used were 0 ( | ), .0003 (r), .003 1r; and '03 (X). Each

experiment was performed in duplicate (except MCH 1:7007 which

had only one well per dilution), and each point represents the

mean. Supernatants were removed from the cuitures at day 0' 3'

6 and 9 post infection and assayed for p24 production þg/ml).
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D, Acquired Mechanisms of Resistance:

Results suggested that resistance to HIV-I infection was not at the cellular

receptor (CD4) or at any post receptor step that could interfere with HIV-I eståblishing

a productive infection. Using our cellula¡ definition of innate resistance we concluded

that resistance to HIV-1 infection was not innate. If resistance is not innate then could

it be acquired?

E. HLA Associations with Resistance:

The presentation of foreign antigens to the cells of the immune system by Human

Leucocyte Antigen (HLA) proteins is an essential step in the generation of an acquired

immune response. Due to the importance of HLA in Major Histocompatibility Complex

(MHC) restricted antigen presentation and because particular genes have been associated

with certain diseases (Ebringer A, 1990; Lepage V, et al. 1993) we chose to consider the

role of HLA antigens in resistance. Are certain HLA alleies found at a hìgher frequency,

ie. associated, among resistant women? Standard serological typing (Vartdal F, et al.

1986) was used to determine MHC Class I haplotypes of 91 initially HIV-1 seropositive

and 153 ìnitially seronegative women from the cohort, 88 of whom seroconverted during

fbllow-up. The cohort tiequency of HLA alleles found among all those tested is depicted

in Figure 19 (Top). Cox regression hazard modelling showed that the HLA class I

alleles 469 and Bl8 were independently associated with a decreased risk of

seroconversion (469 hazard ratio:0.46, 95% conhdence intervals 0.24 - 0.87, p=0.02;

Bi8 hazard ratio=0.33, 957o confidence intervaìs 0.13 - 0.84, p=0.02). The HIV-I
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seronegative survival value of these antigens is shown in the Kaplan Meier plots, Figure

19 (Middle and Bottom). conversely, the HLA antigens 430 and A23 were associated

with an increased risk of seroconversion by regression analysis (A23 haz,afd ratio:2.01,

9570 confidence intervals 1'06-3.8, p:0'03; 430 haza¡d ratio:l'64, 95% conftdence

intervals 1.01-2.67, p:0.05)' Not only were specific HLA alleles associated with

remaining seronegative longer, but the rarity of the alleles within the HLA haplotype was

also associated. MHC Class I alleles were determined on244 (153 initially seronegative

and 9l initially seropositive) women. The MHC rarity score was determined from tle

frequency distribution of Class I alleles in the prostitute cohort [score=(FAt + FA2)x(FBt

* F82)x(Fcr + Fc2) where F is the frequency of each allelel. The rarity scores were

ranked and broken into quartiles, with the lowest score being quartile number 1, and

compared to HIV-I seroprevalence, Figure 20. The per cent prevalence of HIV-I was

significantly associated with increasing rarity score (p<0.005, Chi-square trend test) such

that the more rare a person's HLA haplotype the longer that pelson remained

seronegative. Figure 2l shows the increased seronegative survival advantage of having

a rare HLA haplotype.

Thanks to Dr. F. A. Plummer and Dr. N. Nagelkerke for analyzing the data.
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Figure 19.
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Kaplan-Meier plots of MHC restriction of resistance to HIV-I
infection among highly exposed prostitutes.

Top. Frequency of MHC Class I alieles in the Nairobi prostitùte

study. Only alleles with a frequency of greater lhan 5% a¡e

shown. The risk of prevalent HIV-1 infection and seroconversion

was examined for alleles with a frequency of greater lhan 5%-

Middle. Time to HIV-1 se¡oconversion among prostitutes with the

MHC Class I allele 469 (marked line) compared to women lacking
469. The HIV-l seronegative survival data fo¡ the entire cohoÍ
was analyzed for the presence of certain HLA antigens. Women

with the 469 allele are shown with the ma¡ked line. The HIV-1
incidence rate ratio for 469 positive women was 0.37 , 95%

confidence intervals 0.18 - 0.68, p<0.0004. 469 was also

associated with a reduced risk of HIV-1 seropositivity at cohort

enrollment (Odds ratio:0.27, 95% confidence intervals 0.08 -

0.96, p<0.03).

Bottom. Time to HIV-l seroconversion among prostitutes with the

MHC Class I allele 818 compared to women lacking 818.

Women with the Bt8 allele are shown with the marked line. The

incidence rate ratio for B18 positive women was 0'31, 95%

confidence intervals 0.1-0.74, p<0.003. At entry into the cohort
818 was not associated with a reduced risk of prevalent HIV-I
seropositivity, Odds ratio=0.71,957o conftdence intervals 0.28 -

1.81, P:0.3.
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Figure 20: The Per Cent Prevalence of HIV-I per Quartile of MHC Class I
Rarity Score at Entry into the Cohort.

The per cent seroprevalence of HIV-I at enrollment in the coho¡t
is shown by quartile of the radty score, with quartile 1 being the

rarest MHC types. The per cent prevalence of HIV-I was

significantly associated with increasing rarity score (p<0.05, Chi-
square trend test).

Figure 2i: Kaplan-Meier Plot of Time to Se¡oconversion Among Prostitutes

in the Lowest Quartile of the Frequency Distribution of the MHC
Class I Rarity Score Compared to Prostitutes in the Upper Three

Quartiles.

MHC Class I rarity score was determined as described in A. The

survival probability is plotted for women in the lowest quartile of
the rarity score frequency distribution (marked line) compared to

women in the upper three quartiles of the rarity score distribution.
The incidence rate ¡atio for women in the lowest quartile compared

to women in the upper three quartiles was 0.5, 9570 confidence
intervals 0.28-0. 84, p < 0.005.
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F, Resistance to HfV-l Through Cell Mediated Immune Responses:

One mechanism through which HLA may be associated with resistance is through

MHC restricted cellula¡ immune responses. Experiments were performed to determine

if there was any cellular immune response to HIV-I in the seronegative HIV-1 resistant

women.

G. Cellular Immune Response to IIIV-I ezv Peptides:

In a secondary immune response CD4+ lymphocytes are known to proliferate and

produce interleukin type 2 (IL-2) if the T cell receptor recognizes its cognate antigen.

The cognate antigens are linear T cell epitopes, presented as peptides, that have been

inserted into the peptide binding grove of MHC class II proteins on the surface of antigen

presenting cells (APC). If there are suff,rcient numbers of CD4+ lymphocytes that

recognize a specific peptide, the activation of these cells will be detected by lymphocyte

proliferation and lL-2 production, which are measured by tritiated thymidine

incorporation and ELISA respectively. PBMC from 7 low risk seronegative, 14

resistant, and 7 asymptomatic HIV-1 seropositive individuals were cultured for 6-7 days

in the presence of eight different test solutions, each tested in triplicate. The test

solutions were lymphocyte media (LM) (unstimulated negative control), recombinant

soluble gpl20 (lntracel Corporation) 2y.glmI in LM, five different I{IV-1 env peptides

(NIH Reagent Program) Z.Spglml in LM and PHA-P 5¡rglml in LM (positive control).

Separate plates, using freshly thawed PBMC, were established for proliferation and IL'2

assays as explained in Methods. Other than the end product detection systems the two
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assays only differed in that the IL-2 assay required the addition of 25 ¡Ã of a l:100

dilution of ânti-Tac monoclonal antibody which blocked the major IL-2 receptol to

prevent consumption of secreted IL-2 by the cells. The proliferative responses of the

PBMC to the eight sepafate solutions, as measured by tritiated thymidine incorporation

into newly formed DNA, showed such va¡iation between the triplicate wells that

statistically they could not be considered related. There was neither material nor time

in Kenya to determine the source of the variation. It is possible that the variation was

artifactual, due to a technical problem with the hawesting of the cells oI the

standardization of the liquid scintillation counter for this particular assay. Therefore the

results of the proliferation experiment were considered invalid. The IL-2 results,

however, showed much less variation and were statistically valid. The IL-2 production

(Table XV) and the stimulation indices (Figure 22) demonstrated that the low risk

seronegative and the HIV-l seropositive control groups did not respond to recombinant

gpl20 or the ¿ny peptides. However, the PBMC were capable of being stimulated and

producing IL'2 as evidenced by the very strong PHA response, shown in Table XV' It

should be noted thât PBMC from the low risk seronegative subject l:5451 later tested

indeterminant by HIV-l PCR (one positive and one negative PcR set) and may have been

recently exposed to or infected by HIV-I which could explain the high response to gp120

and peptide P18. In contrast to the two control groups, the PBMC from some of the

resistanr prostitutes (MLs 1275, 889, 1371, 1358) responded well to PHA and displayed

marked IL-2 production upon stimulation by gpl20 utd the env peptides'
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Table XfV: IL-2 Production (pglml) After Exposure to HIV-1 Antigens:

KRF
(LR)

1:5451
(LR)

l:8404
(LR)

ML 1275 ML 887 ML889
(RES) (RES) (RES)

media

gpr20

Tt-2007

T2-1929

P18

P23

T1- 1589

PHA

9.0

9.5

8.0

8.5

6.0

6.0

10.0

2215

10.0

18.5

7-5

< 6.0

2t.0

7.5

10.0

3825

< 6.0

< 6.0

8.0

< 6.0

< 6.0

< 6.0

ND

ND

18.0

45.5

42.0

37.0

33.0

37.0

36.5

7125

15.0

12.0

8.0

14-5

8.5

10.5

9.5

40ó0

34.0

64.0

55.5

30.5

34.5

i6s.0

340.0

2785

ML t3'71 ML 1362
(REs) (RES)

ML 1490 ML 1358
(RES) (RES)

ML 1075 ML 13Ð

(Hrv+) Gilv+)
media

gpl20

Tt-2007

T2-t929

Pl8

P23

rl-1589

PHA

NOTE

9.0 19.0

10.0 14.5

8.0 16.0

15.0 11.0

8.5 9.5

8.5 14.5

16.5 lo.s

r 871.5 1685

2r.0 12.0

22.0 21 .5

29.5 31.0

31.0 22.s

27.0 16.5

21.5 13.0

25.0 14.5

6605 467.5

8.5 < 6.0

7.5 < 6.0

< 6.0 < 6.0

8.0 8.0

7.0 7.0

8.5 < 6.0

8.5 < 6.0

550 417.5

LR : Low Risk HIV-I Negative
RES = Resist¿nt Prostitute
HIV + : HIV-I Seropositive Prostitute
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Figure 22: IL-2 Stimulation Indices After Exposure to HIV-I Antigens
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Figure 22: IL-2 Stimulation Indices After Exposure to HIV-1 Antigens

PBMC from low risk HIV-1 seronegative individuals (Low Risk),
resistant prostitutes (Resistånt), and HIV-1 seropositive prostitutes
(HIV +) were exposed to eight different solutions. '|he 1L-2
production was measured, by ELISA, in the supernatants after one

week of culture (Table XV). The stimulation indices (SI) relative
to Media are plotted above. The stimulation index of PHA was

not plotted as it was often severa] hundred times greater than the

SI of the other samples. ML 889 had two stimulation indices that

were beyond the range of the ordinate: 4.85 and 10.0 for peptides
p23 and Tl-1589, respectively.
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II. C¡totoxic Resporses to IIIV-I Antigens:

The IL-2 results suggested that some of the resistant women had a CD4+

Iymphocyte mediated T cell memory to HIV-1 antigens. To determine íf the resistant

women possess HIV-I specifrc cytotoxic cells, cytotoxic assays wele performed. The

ørgets for the killing were chromium 5l clcr) labelled autologous Epstein-Barr Virus

(EBV) transformed B cells infected with recombinant vaccinia viruses containing the

HIV-I structural genes ga.g, pol and env. To determine that the recombinant

vaccinia/HlV-l viruses produced HIV-1 proteins afte¡ infection, EBV transformed B cells

(KRF) were infected with the various recombinant viruses. The lysates were ¡esolved

by polyacrylamide gel electrophoresis, the proteins transferred to a suppolt membrane,

and the immunoblot probed with polyclonal antibodies specihc for HIV-1 proteins (see

Table II). As seen in Figure 23, each of the recombinant viruses produced proteins

recognized by the Hlv-l specific antisera that were not produced in cells infected with

the control virus vSC8.

Effector cells were PBMC that had been stimulated by autologous HIV-1 infected

PBMC. The two populations of cells we¡e plated at effector to target ratios of 50:1,

25:1, and 12.5:1 (experimental wells). To determine the amount of srCr that would be

lost spontaneously, the target cells were incubated by themselves (minimum wells). To

determine the maximum amount of srCr that could be released, target cells were

incubated in the presence of l% SDS, which caused complete lysis of all target cells

(maximum wells). AII experiments were performed with duplicate wells. After the

plates were prepared, they were centrifuged for five minutes to ensure maximal cell to



.'\nti1r24 AntiJ{'l'
'-D t,-.J KIJ¿ì
çi

fi{,)
55

n- nuTi -:.r'

Figure 23: Immunoblots ol Lysates from EBV Transfo¡med B Cells Infected with
Recombinant Vaccinia/HIV-1 Viruses.
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Figure 23: lm¡¡unoblots of Lysates from EBV Transformed B Cells Infected
with Recombinant Vaccinia./HlV-1 Viruses.

EBV transformed B cells were infected with the recombinant
vaccinia./HlV- i viruses vSCS (wild type vaccinia with the ß-
galactosidase gene), vDKl (HIV-I gag inserted into vSCS), vCF2l
(HIY -l pol inserted into vSCS) and vPEl6 (HIV-I env inserted
into vSCS). After an ovemight infection the cells were solubilized
with detergent, the lysate resolved by PAGE (10pg total
protein/well) and the proteins transferred to a support membrane.
The antibodies used to detect the HIV-i proteins are listed in Table
lL The left side of the figure is the lysate from vDKl and vSCB

infected cells (vGag and vVacs respectively) blotted with a HIV-I
p24 specihc antibody. vDKl infected cells produce an uncleaved
gag protein that is 55 kilodaltons (kDa) and is recognized by the
p24 antibody. The right side of the hgure is the immunoblot of
vCF21 (two lanes 5¡rg and 10¡rg per lane) and vSCS infected cells
(vPol and vVacs respectively). vCF21 infected cells produce viral
reverse transcriptase (RT) which is 60 kDa and is recognized by
the RT specific antibody. The HIV-I gp160 specifìc antibody
specihcally recognized a 160 kDa protein produced from vPEl6,
en.v, infecÍed cells (data not shown).
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cell contact. The plates were incubated at 37'C for four hours and 100¡rl of supernatant

was removed and added to iml scintillation cocktail and counted in the liquid scintillation

counler. The per cent spontaneous reÌease (7oSR) of chromium from the ceils and the

per cent specif,rc lysis (%SL) for each vaccinia vector were calculated using the following

7gp=^in1*M*too *"""- experiyenEaf . miniTum *'.oomax]mum maxamum-mfnfmum
formulae:

For each experiment to be considered valid, the per cent spontaneous release of

chromium was less than 35Vo. For the HIV-1 specihc lysis to be considered significant

it had to be titratable and > 10% the specific lysis generated by the vaccinia virus with

no added HIV-1 gene. Thirteen individuals were tested for HIV-1 specific cytotoxic

responses, I I resístant prostitutes, one HIV-l negative Kenyan mother and one Winnipeg

laboratory worke¡. Three additional low risk seronegative controls were established but

at the eleventh day of culture there were not enough effector cells to perform the assay.

Five of the eleven resistant prostitutes tested positive with at least one of the recombinant

vaccinia vectors. The HIV-1 specif,rc cytotoxic data, summarized in Table XV, showed

that ML 1376 recognized all of the HIV-I vaccinia vectors, ML 857 recognized the

vacctnia pol. vector and MLs 887, 889 and 1070 recognized the vaccinia env vector. The

low risk HIV-1 seronegative controls did not show any specific recognition of the HIV-1

proteins. In six of the resistant prostitutes HIV-1 specific cytotoxic activity was not

detected. Examples of positive and negative cytotoxic responses are presented in Figure

24. To date we have been able to detect HIV- 1 specific cell mediated cytotoxic

responses in 45% (5111) of the resistant prostitutes tested.
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Tabfe Xv: Specific Lysis of Reconbinant Vaccinia/HIv-1
Infected B ceLl-s by HIV-1 stinulated PBMC.

study # Recombinant
and HIV vaccinia/Hfv
status Vectors 50: t-

? specific Lysis at
Effector:Target Ratio

25 21 L2.5zI

889 RES

857 RES

t-070 REs

887 RES

KRF LR

r-376 RES Vacs

Gag

Pol
Ellv

Vac s

Gag

Env

Pol
Env

Vacs

Gag

Env

Vacs

Env

Vacs

Gag

Pol
Env

Env

r-9.3

30.1
4L.7
44 .3
19.1
2L.O

34.8
L9 .7

2A .3

6.8
2.6
11 .2

13.4
7.O

21.5

20.3
16.9
28.5
7.O

L6 .5
L7 .5
11.0
18.4

1.5
5.7
11.0

11. O

J.O

6.6
5.4
7.5
2.9
7.O

15.4
6.6
13.5
o.5

3.0
7.4

7.O

1: 180 LR

49.O 26.7 14.0

37.7 2r .9 t4. r
39.3 23.2 7 .5

39.9 2t. O 11.5
(32:1) (16:1) (8:L)
33.8 22.3 15.7

31-.8 L9.L 15.3

Note:RES : Resistant Prostitute
LR : Loh¡ Risk HIV-1 Seroneqative control
BoLD = Positive Cytotoxic Responses
Vacs: Targets infected with vaccinia vector vsc8
cag PoI Env = Targets infected with recornbinant
vaccinia/HIV-l- viruses vDKl-, vCF2l- and vPE16,
re spective ly
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study
Number

(conrt)

Reco¡nbinant
Vacc inia/ HIV
vectors

145

å Specific Lysis at
Effector:Target Ratio

50 31 25.t L2.52L

1327 RES

851 RES

893 RES

Vac s

Gag

Pol-

Env

Vacs
- Gag

Pol
Env

Vacs

Gag

PoI
Env

Vac S

Env

Vacs

Gag

Pol
Env

Vacs

Gag

Env

26 .5

-15.8
23.6
24 .2

20.o
25.O

2L.L
10.8
4.7
i()

9.O

L2 .6

l-6 . 1_

l_8 . 3

L3.7

t5.7
12 .2

-1,.4

20.9

-22.6
23.6
a'7 )

7.4
72 .2

4.6

t.7
2.O

1.6
7 .7
4.6
5.5
I7.4
l-5. 5

10.8

4.3

-1.0
1L

-0.3

15.1_

-35.5
t9.6
15.9
3.6

-o.2
-o .7

0.8
1.7
l-.6
4.4
3.2
3.1
11

8.9
4.9
4.0

ND

ND

-Á ^

935 RES

466 RES

L286 RES

Note:RES : Resistant Prostitute
LR = Low Risk HfV-1 Seronegative Control
BoLD = Positive cytotoxic Responses
vacs : Targets infected with vaccinia vector vscg
cag Pol Env = Targets infected with recombinant
vaccinia/HIV-1 vj,ruses vDKl' vcF2i- and vPE16,
re spect ively
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Figure 24: A Positive and Negative Example of HIV-I Specific Cytotoxic
Responses.

rrCr release assays were performed on HIV-1 stimulated PBMC

from resistant prostitutes and negative controls using EBV

transformed B cells, infected with recombinant vaccinia/HlV- 1

viruses were, as targets. ML 13'76, which shows HIV-I specific

lysis, and ML 466, which shows no lysis above vaccinia alone are

given as examples. Three effector to target ratios were used; 50:1

(soüd bar), 25:1 (diagonally striped bar) and 12.5:1 (vertically

striped bar). The specihc lysis is shown on the Y axis.
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DISCUSSION:

I. DEMONSTRATING THAT THERE IS RESISTANCE TO HIV-I:

A. Humoral Immune Responses of the Prostitutes:

The presence of IgG antibodies specific for HIV-I antigens is indicative of an

HIV-I infection. Despiæ continued sexual exposure to HIV-I, a small group of the

women from the Nairobi prostitute cohort have remained persistently seronegative @SN)

tbr at least three years and some up to nine years. Blood was drawn from the women

of the cohort biannually and sc¡eened for the presence of antibodies to HIV-I (Tabte

VI).

The possibility exists that these individuals have been infected by HIV-2 despite

the extremely low prevalence of HIV-2 in East Africa (O'Brien TR, et 41. 1992). 'fhere

is however, no serological evidence to support this hypothesis since antibodies from HIV-

2 are generally cross-reactive to HIV-1 gag and pol encoded proteins (Clavel F, et ai.

1987) and would be detected by the western blot analyses performed. The current

antibody screening and confirmatory assays (Behring and Cambridge Biotech) have been

used since 1991 and were specihcally designed to detect HIV-I and HIV-2 antibodies.

All PSN women have been screened with this assay and none have reåcted suggesting

there are no HIV-1 or HIV-2 specific antibodies in this population.

Evidence thât the absence of HIV- 1 specif,rc antibodies in the PSN women resulted

from the absence of HIV- I infection rather than a dysfunctional humoral immune system

has been presented. Antibodies to Rubella virus were detected at titres sevoral fold above
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the minimum cut off limit for protective humoral responses in all of the PSN women

tested (Table VII). This suggests their humo¡al immune systems were capable of

responding to a viral infection.

A theoretical concem was that due to a clerical error in the patient study codes

or a labelling error of the blood samples, the PSN phenomenon was actually the a lesult

of mixing of samples from two or mote individuals and that no single individual had

rerrained HIV-1 seronegative for greater than three years. A method was required that

could demonstrate differences between individuals of the same species (allotypic marker)

using sera or plasma as the source. Serum protein analysis has the ability to detect

allotypic complement proteins (Chen FT, et al. 1994). Initially this technique was used

on the Nairobi sera, however, due to technical problems, it was abandoned. The greatest

degree ofallelic variation in the human species is in the human leucocyte antigens (HLA)

of the major histocompatibility complex (MHC) class I and II genes. At the time this

study was initiated, there were several reports of genetic typing of class II genes which

we¡e aimed at replacing serotyping of Class II HLA proteins (Erlich HA, et al. 1986;

Erlich HA, et al. 1990). These techniques were based on the polymerase chain reaction

(PCR) and therefore required only small amounts of DNA template. It was reasoned that

due to the natural half life of a cell and the rigorous process of centrifugation, serum or

plasma would contain sÍìall amounts of DNA from lysed nucleated cel1s. If the cellular

DNA could be isolated from sera or plasma it could be used as template for the HLA

class II genotyping system. Since the Nairobi sera were used for many studies, a

protocol that would use minimal amounts of sera was required. A protocol was
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developed that used a silica gel matrix to isolate DNA from 50¡rl of serum or plasma.

The isolated DNA was then targeted for amplification and subsequent genetic typing

using the HLA DQAl system. The HLA DQAI system was chosen because it combined

the power of ailelic differentiation with a minimum number of allele specihc

oligonucleotides. The method of DNA isolation from sera and HLA DQAI typing was

eståblished using sera from Winnipeg laboratory staff (Figure 1). The method was

applied to paired serum or plasma samples collected from 13 PSN women in 1985/86 and

i990/91 (Figure 2). For each of the 13 PSN women tested the paired samples were

shown to possess the same HLA DQA1 alleles (Table VIII). The HLA DQAI system

can detect eight alleles and because the human cell is diploid this generates a

differentiation power of 28. There is a I in 256 (0.4%) chance that two samples with the

same genetic type are from two separate individuals. The conclusion from the HLA

DQAl analysis was that it was highly probable that the paired samples originated from

the same indivìdual. These data are in press (Fowke KF, et al' 1995). This suggested

that the phenomenon of persistent seronegativity was real and not artifactual.

Note that in Table VIII the paired samples of subject 768 we¡e determined to have

three HLA DQAl a]leles by the binding patterns of the oligonucleotides. This allele has

been cloned and sequenced by Salman Qureshi and J. Neil Simonsen and was determined

to be a previously described but rare allele 2 subtype (J. N. Simonsen personal

communication). Since only 1 of 13 (7 .7 7a) PSN women tested possessed this allele'

there was no cor¡elation with remaining persistently seronegative.

It can be concluded from the serological data that women of the Nairobi prostitute
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cohort have remained persistently HIV-1 seronegative for 3-9 years, that their immune

system is capable of mounting a humoral response to viral infection, and that the

phenomenon of persistent seronegativity is real. But are these women truly uninfected?

B. Molecular Determination of Infection Status:

It is theoretically possible that persistently seronegative women are HIV- 1 infected

but do not produce a humoral response (a seronegative HIV-1 infection). Seronegative

HIV-l infections âmong long-term seronegatives have been described by one group

(Imagawa DT, et al. 1989) but not reproduced by others (Put L-2, et al. 1991;B¡uisten

SM, et al 1992.; Lee T-H, et al. 1991; Yerly S, et al. 1991; Nielsen C, et al. 1991;

Willerford DM, et al.1993; Coutlee F, et al. 1994). Amplification of proviral DNA by

the polymerase chain reaction (PCR) is a highly sensitive and speciltc method of

detecting HIV-I (Ou C-Y, et al. 1988). Due to the.lack of established amplification

systems at the time this study was initiated (1989), it was decided to develop novel

primer sets that had optimal homology to African isolates. 'fhe vif, nef and rev

amplification systems were established (Figure 7). 'lhe env system, which was based on

published sequences (Ou C-Y, et at. 1988), was also used so that the results from the

new amplification systems could be compared to those in the literature. The limit of

detection of the vf and nef PCR systems were comparable to the env system; detecting

3.8 viral copies in a background of DNA from 150,000 uninfected cells. This level of

detection was similar to other reported PCR systems (Boni J, et al. 1993). The effect

of sequence variation on these novel PCR systems was not known since, at the time of
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this study, there had been no sequence information from F-ast African HIV-I isolates.

A pilot study conhrmed that the vrl nzf atd env PCR systems could detect Kenyan HIV-

1 samples and therefore were suitable for this study (table X). This pilot study also

demonstrated thatthe rev system was not able to detect any of the Kenyan HIV-I samples

and its use was discontinued. These data have been published (Dawood MR, eÎ al.

1992). The sensitivity and specihcity of the combined ampliircation systems' determined

in a second pilot study of Kenyan women, werc lo0% and 88% respectively (Table XI).

The specif,rcity may seem low, however, because PCR is a more sensitive assay than

serology, the gold standard; PCR can detect an HIV-I infection before the development

of antibodies (Horsburgh CR Jr, et al. 1989).

The accuracy of the amplification systems were confirmed by the extremely low

limit of detection, the ability to detect Kenyan HIV-1 samples and the demonstrated high

level of sensitivity and specihcity among the population to be tested. HIV-I PCR was

performed on rhe PBMC from the PSN women (Table XII). MLs 1358 and 1378 tested

PCR positive although they were negative by serology (Table vI). These individuals had

remained seronegative for the minimum three years required to be categorized as

persìstently seronegative. It is possible these individuals have been recently infected and

have not developed HIV-1 specific IgG antibodies, however, only longitudinal

observation can confirm this hypothesis.

The majority of the PSN women tested 20/22 (9I%) were PCR negative' HIV-I

PCR is the mosr sensirjve method of detecting an HIV-1 infection (Horsburgh cR Ir, et

al. 1989) and therefore confi¡ms that the PSN women tested wele truly not infected by
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HIV- 1 . The theoretical possibility exists of a cryptic HIV- I infection of the lymph

nodes. However, in our estimation and othe¡s @an L-2, et aI. 1991; Bruisten SM, et

al. 1992; I-e€ T-H, et al. 1991; Yerly S, et al. 1991; Nielsen C, et aL 1991; Willerford

DM, et al. 1993; Coutlee F, et al. 1994) it is highly unlikely that an infection would

remain cryptic for nine years without eventually being detected in the peripheral

circulation by an assay as sensitive as PCR. Therefore, it can be concluded that, within

the limits of our detection, the majority of PSN women are not infected by HIV-I. This

is an important observation as it suggests that serology and infection are highly correlated

and that there are no apparent long-term seronegative HIV-1 infections.

C, Evidence that Persistent Seronegative Women are Resistant to IIIV-I:

Serological and molecular datå have demonstrated that a subgroup of exposed

prostitutes have remained uninfected by HIV-I for 3-9 years. This occurred despite

estimates, based on epidemiological dâtâ, that suggested the annual number of sexual

exposures to HIV-I had increased from 24 in 1984 to 60 in 1993. If exposure were the

only pârameter fo¡ infection then this constãntly increasing level of exposure to HIV-I

would predict that, given time, all of the prostitutes should become infected. However,

when the length of time a woman remained seronegative after enroìlment into the cohort

(seronegative survival time) was plotted for the entire 424 initially seronegative women

of the cohort, a change in the s'lope of the curve was observed around three years post

enroliment (Figure 3). .This change in the slope of the curve and eventual plateau effect

suggested that, over time, the risk of infection declines. Figure 4 demonstrated this
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decline in the risk of infe¿tion was stâtistically signifrcant and did not simply represent

chance ie. the tait end of a normal dist¡ibution curve. A survival model (the mixture

model), which assumed a portion of the population were resistant to HIV-I infection, was

a better description of the se¡onegative survival data þ < .00001) than the exponential

model, which assumed a normal distribution. These results are significant since they

suggest that chance is not a sufficient explanation of the decline in risk seen among the

PSN women. They also suggest that the degree of exposure to HIV-1 is not the only

determinant for infection and that resistance, as predicted by the mixture model, may

account for the declining risk of infection.

If this decline in the risk of HIV- 1 infection were related to an immune

mechanism the degree of protection should be related to extent of exposure. In other

words, the more HIV-1 exposures a woman has survived the less likely the next exposure

will cause an infection. For each year a prostitute remained uninfected there was an

increased protective effect over women who stârted prostitution the following year

(Figure 5). Due to the annual increase in the infection pressure, because of increasing

annual exposures to HIV-I, the protective effect of the later yeârs was higher than the

earlier years. The cumulative protective effect of nine yeârs of seronegative prostitution

afford that individual a 100 fold reduction in the risk of infection over an individuai

starting prostitution in 1994.

Multivariate analyses by Cox proportional hazards modelling demonstrated that

when age, number of sex partners, number of regular sex partners, condom use,

gonococcal and chlamydial cervicitis and the frequency of genital ulcer disease were
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included as independent variables there was stiÌl a significant association between

duration of prostitution and risk of seroconversion. This demonstrated that the protective

effect of duration of prostitution was not due to the selection of women with safe¡ sexual

behaviours or immunity to other sexually transmitted diseases which facilitate HIV-1

tra¡smission.

Are these women who have remained uninfected for 3-9 years despite high level

of exposure, resistant to HIV-1 infection? The only direct way to answer this question,

a challenge experiment, is not possible so a deductive approach is necessary. These

women are not remairring PSN because their immune systems are incapable of mounting

a humoral response to a viral infection, nor is the persistently seronegative phenomenon

the product of laboratory error. These PSN women do not have seronegative HIV-1

infections. Statistically these women should be infected, however, chance does not

account for the lack of infection yet a survival model that assumes ¡esistance to infection

does 1it the seronegative survival data best. The risk of infection does not remain

constant. rather it declines with increasing exposure (as measured by duration of

prostitution). Finally, this highly signif,rcant association between du¡ation of prostitution

and declining risk can not be accounted for by safer sexual practices or STD co-factors

that lacilitate transmission of HIV- 1 . Having discounted all other reasonable possibilities

it is concluded that the lack of infection in these PSN women is the result of resistance

to HIV-1 infection. For the duration of this discussion the PSN women wili be ¡efer¡ed

to as resistant.
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II. MECIIANISMS OF RESISTANCE:

A, Receptor Mediated Resistance to IIIV-I Infection:

There are two majof categories of resista¡ce to infections pathogens; innate of

acquired. Fo¡ this study, innate resistance was defined as the inability of FIIV- 1 to

establish a productive infection in the peripheral blood mononuclea¡ cells (PBMC) of an

individual. As described in the intfoduction, the first step in the establishment of

infection is the specihc interaction between the viral gp120 and the major cellular

receptor cD4. The gpl20 binding region of cD4, amino acids 4l-55, is homologous to

rhe complementary determining region two (cDR2) of immunoglobin light charns (Arthos

J, er at. 1989) and is located in extracellular domain one. This epitope is thought to be

a conformational epitope (Ibegbu CC, et al. 1989) and likely explains why regions

outside the direct gp120 contact points are known to decrease the aff,rnity of cD4 to

gp120 (Brodsky M, et al. 1990; Ashkenazi A, et al. 1990). A clear demonstration of the

effects of regions distant to cDR2 of domain one on gp120 binding was given by Fleury

S, et al. 1991. They constructed 30 mutant CD4 proteins that contained single and

cluster amino acid changes throughout the four extracellular domains of cD4. They

were able to demonstrate that particular alterations in the cD4 stn¡cture, in any of the

four domains, significantly reduced binding to gpl20. one mutâtion in the third domain

completely abolished binding altogether.

CD4isapparentlynon-polymorphic(MaddonPJ,etat'1986)'Itremainspossible

that CD4 is a polymorphic molecule and that changes in. vivo could mimic lhe in vito

situation and inhibit gp120 binding. It was hypothesized that changes in the structure of
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the CD4 molecule of the resistant prostitutes dec¡eased gp120 binding thus giving them

a selective advantage which resulted in ¡esistance to HIV-I infection. To test this

hypothesìs, the entire CD4 cDNAs from six Prostitutes were amplifred (Figure l2)'

cloned (Figure 13), analyzed (Figure 14), and sequenced (Figure l5). At the time of

analysis three of the prostitutes were defined as being resistant to HIV-1 while three wele

HIV-I seropositive and therefo¡e susceptible to infection. However, after the analysis

was complete two of the resista¡t women seroconverted (emphasizing that resistance is

relative and not absolute). As a result of the seroconversions, of the six women anlayzed

five were HIV-I infected and one was resist¿nt. Sequence data revealed that, relative

to the type strain pT4B, there were two non-synchronous changes and one synchronous

change (Tabte XIII) in the ptostitutes cD4 cDNAs. All six individuals possessed the

same non-synchronous change at nucleotide position 351 while the second non-

synchronous change was present only in the HIV-1 susceptible subject 069 (nucleotide

783). The synchronous change at nucleotide 868, which encoded an arginine to

tryptophan change at amino acid 240, was observed in two susceptible subjects (one of

whom seroconverted after the analysis). During this study Hodge TW, et al. 1991

published the identical observation. This amino acid change resulted in the loss of

binding of the monoclonal antibody OKT4 and has been reported at a frequency of 8.3Vo

in American blacks (Casey T, et al. 1986) but rarely in other racial groups (Aozasa M,

er al. 1985; Tollerud DJ, et al. 1985; Hodge TW, et at. 1991). This epitope has been

suggested to be associated with lupus and general haematologic disorders although the

number of patients studied were too few to be convincing (Stohl W, et al. 1987;
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Imashuku s, et al. 1987). This substitution of the basic arginine residue with the more

hydrophobic tryptophan at position 240 is in the centre of ß sheet (Maddon PJ' et al-

1987) and could alter the tertiary struchjre of cD4. However, because this alteration

was observed in the individual who susbequently seroconverted it was concluded that this

alteration does not confer protection to HIV-i infection. similarly, the non-synchronous

changes were not associated with resistance, therefore, they are not believed to be

involved in protection. This study has demonst¡ated that the CD4 molecule is

polymorphic and, although the numbers are small, the frequency of the amino acid

polymorphism at position 240 may be significantly higher among the women of this

cohort (33%) than that observed in Black American (8'3%) However, it wâs concluded

that the alterations observed in the CD4 molecule are unlikely to confer resist¿nce to

HIV-1 infection.

B. Post Receptor Resistance Mechanisms:

Several models of innate resistance in the murine system were described in the

introduction. The first example was resistance to Mycobacterium sp. in strains of mice

that had a mutåtion in a membrane transport protein, encoded by the Nramp gene, in the

susceptible host cell; the macrophage/monocyte. In the second example resistånce to

murine leukemia virus (MuLV) was associated with a polymorphic locus, Fv-1, which

prevents integration of the provirus. Similar observations have been observed in HIV-I

infection in humans. Llke the Mycobacterium sp. model, Williams LM, et al' have noted

rhat PBMC from diffe¡ent individuats differ in their susceptibility to low MoIs of HIV-I.
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Simila¡ to the MMTV model the same group has observed that differential susceptibility

to HIV-1 in human is at the level of the susceptible cell and segregates within a particular

family, suggesting the inheritance of a protective polymorphic gene. In both animal

models innate resistance was determined by the resistance of the susceptible cell to

infection by the pathogen. To determine if a post receptor blockade in viral replication

was occurring in the resistant prostitutes, PBMC from two populations, ¡esistant and

control, were exposed in. vitro 1o HIV-lrrrB. Bulk PBMC cultures we¡e used because

different cD4+ T lymphocyte clones from one individual were shown to have

differential susceptibility to HIV-1 infection (Linette G, et al. 1989) and any va¡iations

observed between individuals would likely be dependent on the clones chosen. A

productive infection, as determined by p24 production, was observed in both groups and

there were no statistical differences in the mean p24 ploduction of each group (Figure

16). This demonstrated that the PBMC of the resistant prostitutes were capable of

supporting viral replication, thus exciuding a post receptor blockade. However, data

from williams LM, et al. suggested that any differences in susceptibility to HIV-I

infection were only observed at low MoIs ie. dose dependent. However, when PBMC

from resistant women were exposed to extfemely low MOIs, all (n:3) (Figure 17) were

susceptible to infection even at the lowest MOI (0.0003). Although the numbers were

too small to draw firrr conclusions, a trend seemed to be that the PBMC of the resistânt

women actually produced more p24 than the controls (n=2, Figure 18) at Day 6 of the

lowest MOI. Due to the great degree of variation in the infectivity of different strains

of HIV-I (Ctoyd Mw, et al. 1990) rhese infection experiments should ideally be
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reproduced with Kenyan isolates of HIV-1. However, our attempts to establish Kenyan

HIV-I isolates have failed to date. Yet the results from the infection experiments

conñrmed that the even at extremely low MOIs the PBMC of the resistant prostitutes

were productively infected by HIV-lor. Taken together with the CD4 analysis it was

concluded that the PBMC of the resistant prostitutes supported HIV-I replication,

the¡efore, the resistance mecha¡ism was not innate.

C, Acquired Mechanisms of Resistance:

For this study acquired resistance was defined as that which occurred over time,

ie. immune mediated. An individual may innately possess certain factors, eg. HLA

genes, that are associated with resistance however, that individual is not born resistant

to the infection rather the immune system must acquire resistance after initial exposure

to the infectious agent.

An essential factor in the development of specific immunity is the presentation of

HLA antigen associated peptide fragments of the pathogen to T lymphocytes via the T

cell receptor (TCR). The nature of the peptide presented is dependent on the binding

characteristics of each HLA antigen (Engelhard VH, 1994). This variability in antigen

presentâtion is thought to explain the association of particular HLA antigens with certain

auÍoimmune diseases (Lepage V, et al. i993) and infectious diseases (Hill AVS, et al.

l99l). Multivariate anaiyses by Cox proportional hazards modelling demonstrated

independent and signihcant associations between HLA class I alleles 469 and 818 and

a reduced risk of infection (protective alleles) and 430 and 423 with an increased risk
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of infection (susceptible aileles). Kaplan-Meier plots of the time to seroconversion of the

entire seronegative cohort demonstrated the significant survival value afforded by the

protective antigens (Figure 19, Middle and Bowom). The cur¡ent study reports several

novel associations with particular class I alleles and resistance. HLA associations with

resistance to HIv-l infection have been reported by Just J, et al. (HLA DQAI) and

Fabio G, et at. (HLA 852 and B44). The differences in the particular HLA antigens

associated with resistance are expected since HLA frequencies and HIV-1 sub-types vary

from one population to another. The HLA associations from the Nairobi prostitute

cohort corroborates Just and Fabio's data that resistance to HIV-1 infection is associaled

with particular HLA antigens. The exact mechanism of the HLA associated resistance

is not known but may involve certain HLA antigens presenting protective epitopes to the

immune system. However, it is also possible that HLA antigens are acting as markers

for the resistance factor that is held in linkage disequilibrium with the particular HLA

gene.

The current study furthers strengthens the association between HLA and HIV-1

resistance by demonstrating that the rarity of the HLA haplotype is strongly associated

with a decline in the risk of HIV-I infection (Figure 20). The survival value of

possessing a ra¡e HLA haplotype was highly signihcant, p<.005 (Figure 21). The

mechanism of this association is not known. However, it is known that the prostitutes

are continuously exposed to foreign HLA antigens via their client's sperm. It may be

hypothesized that the rarer the HLA haplotype of the prostitute, the greater the exposure

to non-self HLA antigens, hence the greater the likelihood of developing a secondary
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allo-immune response. Both cell associated and free HIV-l virus contain HLA molecules

(Arthur Lo, et al. 1gg2; Meerloo T, et al. 1993) and could serve as targets for cellular

or humo¡al allo-responses. This is anatogous to tfansplant rejection occurring in persons

receiving organs from HLA mismatched donors. The viral envelope may also act as a

target fot an allo response since cross reacting epitopes between gp120 and HLA

molecules have been identified (Dorak MT, etal. 1994; Hounsell EF, et al. 1991; Clerici

M, et al. 1993d). This study confirms previous reports that specific HLA antigens ale

associated with resistance and suggests that the rarity of the HLA haplotype is also

associated with resistance, perhaps through an allo-immunization mechanism'

D. Cell Mediated Immune Responses to HIV-I:

Di. HIV- I Specihc CD4 + T cell responses:

one mechanism to explain the association between specific HLA antigens and

resistance to HIV-I infection was by the presentation of protective epitopes to T

lymphocytes of the immune system. To determine if HIV-1 specific T cell responses

existed in resistant women, PBMCs from control and resistant prostitutes were exposed

to HIV-I anrìgens (gpl20 and ¿¿v peptides (Berzofsky JA, et al. 199I)) in vitro and

cellular activation was measured by IL-2 production (Table XIV). The level of IL-2

production (relative to media alone) in the low risk seronegative subjects was low (Figure

22). Due to feports that feadily measurable immune responses to recall antigens, such

as HIV-1 peptides, were common in asymptomatic HIV-1 infected individuals (Clerici

M, et aL. 1991), only asymptomatic HIV-I seropositive prostitutes were chosen as
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positive controls for this study. However, the levels of IL-2 production in the HIV-I

seropositive controls were surprising low. Shearer GM, et al' 1991 have reported that

the loss of this ¡ecall response was predictive of cD4f cell number decline, time to

AIDS and death. This lack of response may be due to adva¡ced T cell dysfunction

among the seropositive prostitutes, in part accounting for the rapid progression to HIV-I

diseaseamongtheprostitutesofthiscohort(AnzalaAoA,etal.1994).Thelackof

responseisnotduetoaninabilityofthewomenfromthiscohorttorecognizeantigens

based on North American HIV-1 isolates because the resistant prostitutes did respond to

the antigens. Five of seven resistant prostitutes demonstrated immune recognition of the

HIV antigens, as determined by IL-2 production' Despite significant variations in the

data, preliminary experiments suggested that proliferative responses, as measured by 3H-

thymidineincorporation,[othesesamepeptidesdemonstratedthesamecategolica]

pattefn of responses; low risk and HIV-I seropositive subjects did not respond while

resistant subjects did respond to the HIV-1 antigens (data not shown). These results need

to be conhrmed in future experiments.

ltiSgenerallybelievedthattheCD4+Tlymphocyteproliferatesinresponseto

exogenous antigens and peptides (Abbas AK, et al' 1991)' This study suggests that the

resistant women have cD4+ T cells that recognize HIV-I specific antigens. This

corroborates other studies that have observed CD4+ T cell responses among seronegative

HIV-l exposed individuals; homosexual men (cleric M, et al. 1992), children born to

HIV-1 positive women (Borkowsky W, et al' 1990; Clerici M, et aI' 1993)' health care

workers with needle sticks (clerici M, et al. 1994b) and partners of HIV-I infecæd
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persons (Kelker HC, et al. 1992). The current study has a signif,rcant advantage over the

others in that the degree of exposure to HIV-I is known. Although the other groups

were also exposed to HIV-I, only the pfesent study demonstrated statistically significant

resistance to HIV-I infection. Therefore, the association between the HIV-I specific

cellular immune response and resistance to HIV-1 infection assumes greater significance.

Dii. Cytotoxic Responses to HIV-1 Antigens:

This study has demonstrated the ability of CD4+ T cells to provide help (IL-2

production) in response to HIV-I antigens. To determine if HIV-I specific effector

cellular responses could be detected in ¡esistant women, chromium release assays wele

performed (Figure 24). Seven separate HIV-I specifrc cytotoxic cellular responses

representing gag, pol, and env activity were observed among 5 of the eleven resislant

prostitutes (Table XV). HLA 428 (of which the protective allele 469 is a subtype) was

observed in 4 of 5 women with HIV-l specific cytotoxicity versus 1 of 6 women without

detectable HIV-1 specific cytotoxicity (Fisher's exact test p:.067 ). Molecular anaiysis,

which is more accurate than serological typing, of the 428 alleles of the resistant women

is necessary to determine which allele is associated with resistance. Two low risk

seronegarive conrrols did not have any HIV-1 specific cytotoxicity. Additional negative

controls were established, however, after the eleven day culture period there were

insufhcient effector cells to perform the assay suggesting a lack of specific (HIV- 1 or

otherwise) proliferation. The cell type responsible for the HIV-1 specilic cytotoxicity

was not determined although many reports have defined CD8+ T cell (reviewed by Levy
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JA, er at. 1993), CD4+ T cell (Orenøs RI, et al. 1990; Curiel TJ, et al. 1993) and non-

MHC restricted (McChesney M, et al. 1990) HIV-I specihc cytotoxic activity. These

data cor¡oborate previous reports of HIV-I specific cytotoxic responses among

seronegative partners of HIV-I infected persons (Cheynier R, et al. 1992), a child born

to an HIV- 1 positive woman (Rowland-Jones, et at. 1993) and among Gambian

prostitutes (Rowland-Jones, et al. 1995). The added signihcance of the results from the

current study is an estimate of the degree of exposure to HIV-1. While the other sh¡dies

have shown immune responses, the current study is the most convincing demonstration

of resistance and that resistance is correlated with HIV-1 specific immune responses.

CD4+ T cell activation and cell-mediated cytotoxicity data f¡om the current study

strongly suggest that, among seronegative resistant prostitutes, HIV-I specific cellular

immune responses are dominant over humoral immune responses. The specific

stimulation of IL-2 producing CD4+ T lymphocytes in the absence of a specific humoral

response is characteristic of a type 1 T helper response GHl). THl responses have been

associated with protection to infection in Leishmania maior (Bretschet PA, et al. 1992),

Chl.amydia sp. (Brunham RC, personal communication) and simian immunodeltciency

virus (SIV) (Clerici M, et al. 1994). The evidence presented here supports the

hypothesis that a TH I dominant cellular immune response is protective and may account

for resistance to HIV- I infection.

Data from this study are not consistent with a single mechanism of resistance.

The data suggest that a combination of HIV-1 specihc and allotypic responses may be

responsible fo¡ HIV-l resistance.



L66

E. Future Studies and tlypothesis Generation:

The present study has resulted in many potentially interesting lines of future

investigation. These include: the use of Kenyan HIV-I isolates in the determination of

innate resist¿nce; the identification and characterization of epitope specificity of HIV-I

specihc cytotoxic cells; the determination of epitope binding motifs of resistance

associated HLA molecules; the chalacterization of allo immune responses in resistant

prostitutes and; further characterization of the cytokine profiles of HIV-l specific CD4*

T cells. To test the hypothesis that these factors are associated with a reduced risk of

infection they should be observed in a longitudinal study of resistant and newly enlolled

seronegative prostitutes. Areas of preliminary dat¿ from this study that require

confirmation are the proliferative fesponses to HIV-1 a¡tigens and molecula¡

determination of cytotoxic associated HLA alleles'
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CONCLUSION

The objectives of the current study were to determine if a group of highly exposed

persistently seronegative women from the Nairobi prostitute cohort were resistant to HIV-

1 infection and, if so, by what mechanism. It was dete¡mined that the phenomenon of

persistent seronegativity was re¿l and even by sensitive molecular analyses the women

were shown to lack any detectable HIV-I infection. Statistical analyses suggested that

these women should be infected by HIV-1 and the seronegative survival data from the

entire cohort was best described by a model that assumed some of the individuals were

resistant to infection. The association between duration of prostitution and reduced risk

of infection could not be accounted for by differences in exposure to the virus or other

factors associated with HIV-1 acquisition. Since al1 other reâsonable explanations were

eliminated, it was concluded that resistânce did account for the lack of infection. The

resistance was shown not to be at the level of the cellular receptor or at a post-receptor

stage and, therefore, it was concluded that, using ou¡ cellula¡ definition, resistance was

not innate. An HLA association with resistance suggested acquired immune responses,

possibly allo responses, may have been involved. HIV-I specific CD4+ T cell and

ceÌlular cytotoxic responses (A28 associated) were demonstrated among the resistant

prostitutes. The rnajority of the data presented suggested that the resistance to HIV-1

infection among the women of the Nairobi prostitute cohort was acquired. Although

potentially protective acquired responses were demonstrated, the mechanism ofresistance

was likely multifactorial involving HIV-I specific and allo responses.
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I. ABBREYIATIONS:

AIDS

ADCC

BSA

cDNA

cpm

CTL

DNA

FCS

cp

HIV-I

HLA

LM

LN,

LTR

MCH

MHC

ML

MOI

PAGE

PBMC

PBS

PCR

PSN

RNA

SDS

Tm
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APPENDIX

acquired immune defrciency syndrome

antibody-dependent ceilular cytotoxicity

bovine serum albumin

complementary deoxyribonucleic acid

counts per minute

cytotoxic T lymphocyte

deoxyribonucleic acid

fetal calf serum

glycoprotein

Human Immunodeficiency Virus type 1

human leukocyte antigen

Iymphocyte medium

liquid nitrogen

long terminal repeat

study code for antenaial subjects

major histocompatibility complex

study code for Nairobi prostitute cohort

muitiplicity of infection

polyacrylamide gel electrophoresis

peripheral blood mononuclea¡ cells

phosphate buffered saline

polymerase chain reaction

persistent seronegative

ribonucleic acid

sodium dodecylsulfate

melting temperature of DNA


