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LITERATURE REVIEW

The Chemokines

In 1995, basic research in AIDS pathogenesis, the study of how HIV causes 
disease, led to the creation of a new field of biochemical research: the study of 
chemokines. The word “chemokine” is a new generic name given to a family of pro- 
inflammatory activation-inducible cytokines. A chemokine is a soluble factor that 
attracts white blood cells to places where they are needed (e.g. sites of inflammation or 
infection) / 1,23-1 Chemokines are small, with molecular weight in the range of 8 to 12 kD., 
and show approximately 20-50 percent sequence homology among each other at the 
protein level/1,23,24') Chemokines are secreted by various types of immune system cells. 
(l) The targets of chemokine are receptors, specialized docking areas on the surface of 
white blood cell such as monocytes, lymphocytes, basophils, and eosinophils. Receptors 
are tailored to accept only specific shapes, and a chemokine must be linked with its 
appropriate, cognate receptor/24,25) When a chemokine successfully binds to a receptor, 
a cascade of events begins at the surface and within the cell. This process is referred to 
as signaling or signal transduction/1,23,24)

Chemokine Families

Chemokines are divided into families based on structural differences. All 
chemokines are structurally similar, having at least three beta (P)-pleated sheets 
(designated as Pi, P2, P3) and a Carboxyl (C) terminal alpha (a) helix (Figure I). Most 
chemokines also have at least four cysteines in conserved positions. One major 
chemokine subfamily is called “CXC” or a-chemokine because the two cysteines 
nearest the amino (N) terminal of protein is separated by single amino acid. This is in 
contrast to the other major subfamily, which are called “CC” or P-chemokines because 
these two cysteines are directly adjacent (Figure I). According the chromosomal 
locations of individual genes, member of CXC chemokine are referred to also as the 4q
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chemokine family because the genes encoding members of this family map to human 
chromosome 4ql2 to 4q21 (excepting stromal derived factor-1 (SDF-1) whose genes 
map to chromosome 10)/1,24) Some members of the human c x c  chemokine are defined 
by the conserved ELR sequence motif (glutamic acid-leucine-arginine) immediately 
preceding the first cysteine residue near the N-terminus. Chemokines with an ELR 
sequence motif have been found to primarily chemoattract and activate neutrophils. 
Chemokines without the ELR sequence motif appear to chemoattract and activate 
monocytes, dendritic cells, T-cells, NK cells, B-lymphocytes, basophils, and 
eosinophils.(1,24) In addition, the members of the c c  chemokine or P chemokine or 17 q 
chemokine family map to human chromosome 17ql 1 to i7q32.(1,24,25:)

Two other minor subfamily of chemokine have been described i) the c  

chemokine or gamma (y) chemokines, which differ from other chemokines by the 
absence of a cysteine residue (Figure I) and ii) the CX3C chemokines or delta (Ô) 
chemokines which have three amino acids intervening between the first two cysteines 
(Figure I).(1)

Chemokine Function

Chemokines are essential mediators for normal leukocyte trafficking. 
Chemokines are multipotent cytokines that localize and enhance inflammation by 
inducing chemotaxis and cell activation of the different types of inflammatory cell 
typically present at an inflammation site, c x c  chemokines, for example, appear to 
attract neutrophils but not macrophages (Table I), while c c  chemokines preferentially 
induce migration of macrophages (Table II). Some chemokines have also been shown to 
induce selective migration of leukocyte subsets. (|>24,25)

Chemokine Receptors

Chemokines mediate their activities by binding to target cell surface chemokine 
receptors that belong to the large family of G protein-coupled, seven transmembrane 
domain (7 TM) receptors. Based on the receptor nomenclature established at the 1996
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Gordon Research Conference on chemotactic cytokines, the chemokine receptors that 
bind c x c  chemokines are designated CXCRs and the receptors that bind c c  

chemokines are designated CCRs. To date, five c x c  chemokine receptors (CXCR1 
through CXCR5) and ten c c  chemokines receptors (CCR1 through CCR10) have been 
reported.(1,25,26) In addition, the duffy blood group antigen (DARC) has been shown to 
be an erythrocyte chemokine receptor that can bind selected c x c  receptor, as well as 
CC chemokines.(27)

Two virally encoded chemokine receptors, a c c  chemokine receptor encoded by 
a cytomegalovirus open reading frame (CMV US28),(25) and a c x c  chemokine receptor 
encoded by herpes saimiri virus open reading frame (HSV ECRF3)/25) have also been 
described. Leukocytes have generally been found to express more than one receptor 
type. The various CXCRs and CCRs are known to exhibit overlapping ligand 
specificity.

i) CXC Receptors

CXCR-1 and CXCR-2, previously known as IL-8RA (or type I IL-8  receptor) 
and IL-8RB (or type II IL-8  receptor), respectively, have been shown to share 
approximately 77% amino acid sequence identity. IL-8  binds to both receptors with 
high affinity and induces rapid elevation of cytosolic calcium (Ca^) levels/25̂ Whereas 
CXCR-1 is highly specific for IL-8 , CXCR-2 has broad specificity and has been shown 
to bind with high affinity to other ELR motif-containing a  chemokines, including GRO- 
a, GRO-P, GRO-y (Growth Related Oncogene alpha, beta and gamma), NAP-2 
(Neutrophil Actvating peptide 2), and ENA-78 (Epithelial Cell-derived Neutrophil 
Activating protein-78). In contrast, PF4 (Platelet Factor 4) and IP-10 (IFN-y Inducible 
Protein 10), two a  chemokines that lack the ELR motif, have been shown to lack 
binding affinity for CXCR-2. CXCR-1 and CXCR-2 are expressed by neutrophils, and 
T-lymphocytes but not B-lymphocytes.

CXCR-3, also known as the IP-10/Mig receptor, is a cloned chemokine receptor 
that shares approximately 40% protein sequence identity with CXCR-1 and CXCR-2,
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and 34.2-36.9% amino acid sequence with five other known c c  chemokine receptors. 
(1,24.26,29) CXCR-3 is highly expressed by IL-2-activated T-lymphocvtes (but not by 
resting T-lymphocytes), B-lymphocytes, monocytes, and granulocytes. CXCR-3 binds 
IP-10 and Mig (Monokine Induced by EFN-y), but not PF4, with high affinity and 
mediates Ca++ mobilization and chemotaxis. CXCR3 does not bind any of the c x c  

chemokines containing the ELR motif.

CXCR-4, also known as fusin or LESTR, (29,30) was originally discovered as an 
orphan receptor with structural similarity to chemokine receptors. CXCR-4 was 
subsequently identified as a necessary cofactor for entry of T cell tropic HIV virus into 
CD4+ cells.(29) The c x c  chemokine PBSF/SDF-1 has now been shown to be the ligand 
for CXCR4 and a powerful inhibitor of infection by T cell-tropic HIV-1 strains in vitro. 
(31,32) c x c  chemokine receptors and their ligands are shown in Table HI.



8

Table I .  The c x c  Chemokines. 1

Name Target cell
ELR

11,-8 Neutrophils, T-lymphocytes, Basophils, endothelial cells
GRO-a (MGSA) Neutrophils, Melanoma cells, endothelial cells
GRO-P (MIP-2a) Neutrophils, endothelial cells

GRO-y (MIP-2P) Neutrophils, endothelial cells

ENA-78 Neutrophils

GCP-2 (Granulocyte 
chemotactic protein 2 )

Neutrophils

Platelet basic protein 
CTAP m Fibroblasts

P-Thromboglobulin Fibroblasts

NAP-2 Neutrophils, Basophils

Non ELR 
Platelet factor 4 Fibroblasts, Endothelial cells, Activated T-lymphocytes, 

Tumor Infiltrating Lymphocytes (TIL)

IP-10 Endothelial, Natural killer (NK) cells

MIG Activated T-lymphocytes, TIL, T-lymphocytes, 
CD43+ Progenitor cells, B-cells

SDF-la Lymphocytes
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Table II. The c c  chemokines1
Name Target cell

Monocyte chemoattractant 
protein 1 (MCP-1)

Monocytes, Memory T-lymphocytes, Basophils,
NK cells, Hematopoietic Progenitors, Dendritic cells

MCP-2 Monocytes, Memory and Naïve T-Lymphocytes, 
Eosinophils, Basophils, NK cells

MCP-3 Monocytes, Memory T-lymphocytes, Basophils,
NK cells, Hematopoietic progenitors, Dendritic cells

MCP-4 Monocytes, T-lymphocytes, Eosinophils
MCP-5 (mouse only) Monocytes, T-lymphocytes, Eosinophils
MIP-la Monocytes, T-lymphocytes, Basophils, Eosinophils, NK 

cells, Hematopoietic progenitors, Dendritic cells

MDP-ip Monocytes, T-lymphocytes, NK cells, Hematopoietic 
Progenitors, Dendritic cells

MIP-ly (mouse only) Resting and Activated T-lymphocytes

RANTES Memory T-lymphocytes, Basophils, NK cells, Dendritic 
cells

Eotaxin Eosinophils
1309 Monocytes
HCC-l(Hemofdltrate c c  
chemokine 1 )
TARC (Thymus and 
Activation -Regulated 
Chemokine)

Monocytes, Hematopoietic Progenitors 
T-Lymphocytes

c  10  (mouse only) ?
CCF18 (mouse only) T-lymphocytes, Hematopoietic progenitors
MIP-3a/LARC ?
MIP-3P ?

? = Unidentified
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Figure I. The structural classification of chemokines
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ii) c c  R e c e p to r s

CCR-1 is the first identified c c  chemokine receptor and is expressed on 
monocytes, neutrophils, and eosinophils. CCR-1 binds MIP-la, RANTES and MCP-3 
with high affinity/25,33)CCR-2A and CCR-2B (MCP-1RA and MCP-1RB) differ in their 
carboxy-termini and are probably derived from alternatively-spliced variants of a single
r n a / 34)

CCR-2A and B specifically bind MCP-1 and MCP-3. The two receptors are 
expressed on monocytes but not on neutrophils or eosinophils.(23,25)

CCR-3 is high affinity receptor for eotaxin, an eosinophil-specific chemo­
attractant. In humans, CCR-3 has been found to be expressed exclusively on
eosinophils/ 1,241

CCR-4 was originally cloned from a human immature basophilic cell line(35) and 
has since been shown to be expressed in T-lymphocytes and IL-5-primed basophils. 
CCR-4 has been shown to mediate the biological activities of RANTES, MIP-la and 
MCP-1.(35)

CCR-5 is the most recently discovered c c  receptor and has 48-75% amino acid 
sequence identity to the other member of this family/ 36-1 CCR5 is expressed in primary 
adherent monocytes, but not in neutrophils or eosinophils/ 1,241 CCR5 mediates the 
activities of MIP-la, MIP-ip and RANTES/ 51 Recently CCR5 has also been shown to 
be a co-receptor on CD4+ target cells for infection with primary, monocyte-tropic HIV- 
1 viruses/ 3,5,8,9-1 c c  chemokines and their ligand were showed in Table IV.
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Table III. c x c  Chemokine receptors and their ligands (1,26)

Chemokine Receptors Ligands

CXCR1 IL-8

CXCR2 IL-8 , GRO-a, GRO-b, GRO-g, NAP-2, ENA-78
CXCR3 IP-10, MIG
CXCR4 SDF-1
CXCR5 BLC/BCA-1

Table IV. The c c  Chemokine receptors(1,26,37)

Chemokine Receptors Ligands
CCR-1 MIP-loc, RANTES, MCP-3
CCR-2 MCP-1, MCP-3, MCP-5
CCR-3 Eotaxin, RANTES, MCP-2, MCP-3, MCP-4
CCR-4 MIP-la, RANTES, MCP-2, TRAC
CCR-5 MEP-la, MIP-ip, RANTES
CCR-6 MIP-3a/LARC
CCR-7 MIP-3p/ELC
CCR-8 TRAC, 1309, MIP-ip
CCR-9 TECK
CCR-10 MCP-1, MCP-3

TECK = Thymus expressed chemokine
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Stromal cell-derived factor 1 (SDF-1)

The c x c  chemokine SDF-1 occurs as two alternatively spliced variants, SDF- 
l a  and SDF-1 p, that were cloned from mouse bone marrow stromal cell lines/38,39) 
Both SDF-la and SDFl-p are encoded by single gene. Unlike other known c x c  

chemokine subfamily members that cluster on chromosome 4, the gene for SDF-1 has 
been localized to chromosome 10qll/40) The nucleotide and amino acid sequence of 
SDF-la and SDF-1 p are highly conserved between species, showing only one amino 
acid substitution between the human and mouse proteins. The SDF-1 amino acid 
sequence also shows equal homology to both c c  and c x c  subfamily chemokines. 
SDF-1, unlike other chemokine family members, has been found to be constitutively 
expressed in a broad range of tissues/24,39,40) SDF-1 stimulates the proliferation of B- 
cell progenitors and because of this was also originally termed pre-B cell growth 
stimulating factor (PBSF)/39’40) Murine SDF-la was purified as a lymphocyte 
chemoattractant from a stromal cell culture supernatant/ 4 Subsequent studies showed 
that synthetic human SDF-1 stimulates monocytes, neutrophils, and peripheral blood 
lymphocytes, as is indicated by Ca++ changes and chemotaxis/32,41) SDF-1 binds to 
CXCR-4 and induces Ca^ mobilization in Chinese hamster ovary (CHO) cells that 
stabley express this receptor. (3!,32) No cross-desensitization is observed with other 
chemokines, which underlines the selectivity of binding to CXCR-4. In transfected cell 
lines coexpressing CXCR4 and CD4 and in blood lymphocytes, SDF-1 is a powerful 
HIV-1 suppressive factor/ 3

CC Chemokine Receptor 2 (CCR-2)

CC Chemokine receptor 2 (CCR-2) belongs to the c c  chemokine receptor 
family, and is a member of the G protein-coupled, 7 TM receptor family. The gene that 
encodes CCR-2 maps to the human chromosome 3q2l/42') CCR-2 occurs in two forms, 
CCR-2A and CCR-2B, that are the results of alternative RNA spicing/34̂ CCR-2A and 
CCR-2B differ only in their C-terminal intracellular tails, hence their ligand binding 
specificities defined to date (Table rv) are identical. (1'24) Although the messenger RNA 
(mRNAs) for both receptors are expressed at nearly equivalent levels in monocytic
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cells, the C-terminal tail of CCR-2B is rich in serine and threonine residues and is 
homologous to the C-terminal tail of CCR1.(40) CCR2 has also been implicated as an 
HIV-1 co-receptor on certain cell types/4,13,43-*

Acquired Immunodeficiency Syndrome

The acquired immunodeficiency syndrome (AIDS) is caused by the human 
immunodeficiency virus (HIV). The first type of this virus, namely HIV-1, to be 
identified was isolated by Montagnier’s group at the Institute Pasteur, Paris, in 1983 
from a patient with lymphadenopathy syndrome, and was thus named 
lymphadenopathy-associated virus (LAV)/44' It was more fully characterized by the 
same group and by Gallo et al. in a report published in 1984, and named by Gallo as T- 
lymphotropic virus type III. (HTLV-in)(45) and by Levy et al., in San Francisco, AIDS- 
associated retrovirus (ARV)/46) A second virus, HTV-2, was isolated from West African 
patients with AIDS or AIDS related complex (ARC) by Montagnier’s group in 1986.(47)

HIV-1 Biology

HJV-1 is classified in the Family Retroviridae, Subfamily Lentiviridae. It has a 
complex genomic organization. Like all retroviruses, HIV-1 is a single-stranded plus- 
sense RNA virus, an icosahedral sphere with a diameter of approximately 100 nm. The 
outer coat of the virus, known as the viral envelope, is composed of two layers of fatty 
molecules called lipid, taken from the bi-lipid membrane when a newly formed virus 
particle buds from a human cell. Embedded in the viral envelope are proteins from the 
host cell. This envelope is studded by characteristic knobs that represent oligomeric 
structures (tetramers or trimers) of the virally encoded envelope glycoproteins gpl20 
and gp41. The gpl20 subunit comprises the extracellular portion of the viral envelope, 
while gp41 portion spans the membrane and anchors the glycoprotein complex to the 
surface of the virion.

Within the envelope of a mature HIV particle is a bullet-shaped core or capsid, 
made of approximately 2000 copies of another viral protein, p24. The capsid surrounds
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two single strands of HIV RNA, each of which has a copy of the virus’s nine genes. 
Three of these gag, pol, and env, contain information needed to make structural proteins 
for new virus particles. The env gene, for example, codes for a protein called gpl60 that 
is broken down by an enzyme to form gpl20 and gp41, the components of envelope. 
(47,48,49,50) 'Phj.gg regulatory genes, tat, rev, and nef, and three auxiliary genes, vif, vpr, 
and vpu, contain information necessary for the production of proteins that control the 
ability of H rv  to infect a cell, produce new copies of virus and cause disease. The 
protein encoded by nef, for instance, appears necessary for the virus to replicate 
efficiently (51), and the ypw-encoded protein influences the release of new virus particles 
from infected cells/52-*

The two ends of each strand of HIV RNA contain a sequence called the long 
terminal repeat (LTR)/53) Regions in the LTR act as switches to control production of 
new viruses and can be triggered by proteins from either HIV or the host cells/5 ̂  The 
core of HIV also includes protein p7, the HIV nucleocapsid protein; and three enzymes 
that carry out later step in the virus’s life cycle: reverse trancriptase, integrase and 
protease. Another HIV protein called p i7, or the HIV matrix protein, lies between the 
viral core and the viral envelope/48,49-*

The HIV Life Cycle 

Transmission
Transmission of HTV usually requires transfer of bodily fluids. The most 

important of these are blood, semen, and vaginal secretions that contain the virus, or 
may permit the transfer of cells, especially macrophages, containing virus/54-* In general, 
HIV is transmitted between humans in three ways/55)

1. Sexual transmission: sexual contact with an infected person 
male to male 
male to female 
female to male
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2. Blood-bome transmission: exposure to infected blood or blood component 
from an HIV-infected donor

Blood transfusion 
Shared injection equipment

3. Vertical transmission
perinatally from an infected mother to her child
postpartum from nursing mother (presumably through breast feeding)

Sexual transmission accounts for the majority (75%) of cases of HIV infection 
worldwide. The number of unprotected sexual contacts, the stage of infection (which 
may dictate the viral load) and the existence of genital ulceration may all increase the 
risk of transmission and thus play important roie in the sexual spread of HIV.

Entry of HIV into cells

Infection typically begins when an HIV particle encounters a cell with a surface 
molecule called cluster designation 4 (CD4). Cells with this molecule are known as 
CD4 positive (CD4+) cells. One or more of the virus gpl20 molecules binds tightly to 
CD4 molecule(s) on the cell surface.(56,57) The membrane of the virus and cell fuse, a 
process that probably involves both gp41 and a second “fusion cofactor” molecule on 
the cell surface, known as chemokine receptors .(3'5) Although CD4+ T cells appear to be 
the main target of HIV, other immune system cells with CD4 molecules on their surface 
are infected as well. These include monocytes, macrophages, Langerhans cells of the 
skin, follicular dendritic cells in the lymph nodes, alveolar macrophages in the lung, 
retinal cells, and cells of the uterine cervix. In addition, HTV may infect microgial cells 
in the brain which may not bear CD4 surface proteins.(58‘61) Cell-to-cell spread of HTV 
also can occur through the CD4-mediated fusion of an infected cell with an uninfected 
cell. Following fusion, the HIV RNA, protein, and enzymes are released into the target 
cell.

Replication
In the cytoplasm of the cell, HIV reverse trancriptase converts viral RNA into 

DNA, the nucleic acid form in which the cell carries its genes. Six of the nine
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antiretroviral drugs approved in the United States for the treatment of people with HIV 
infection (AZT, ddC, ddl, d4T, 3TC, and nevirapine) work by interfering with this stage 
of the viral life cycle.(61) The newly made HTV DNA moves to the cell nucleus, where it 
is spliced into the host DNA with the help of HTV integrase. Once incorporated into the 
cell genome, HTV DNA is called a “provirus.” (48,62''

For a pro virus to produce new viruses, the special LTR sequence contains the 
appropriate promotor, enhancer, and other signals required for transcription of genes by 
the host RNA polymerase II.(62,63) Some of the RNA will be used to form the genetic 
material of new viral particles and some will be used to direct the translation of HIV 
structural proteins or regulatory proteins, which work to control viral replication. The 
new virions are produced from multiple copies of the viral proteins. These proteins are 
formed as large precursors - long chain protein molecules, which are then specifically 
cleaved to become the enzymes and structural proteins of the new virions.

The assembly of a new virus particle begins with two of precursor proteins 
collecting at the edge of the cell, where they join together and attach themselves to the 
host cell membrane. They begin to form a spherical structure, which bulges outwards 
from the cell membrane and draws two strands of viral RNA into it. An enzyme called 
protease, which is contained on one of the precursor protein molecules, then carries out 
the final steps of protein cleavage as follows: first, it cuts itself free from the polyprotein 
molecule; then, the protease works to cleave all the other viral components from the 
protein chain. Drugs called protease inhibitors interfere with this step of the viral life 
cycle. Four such drugs (saquinavir, ritronavir, indinavir, and nelfmavir) have been 
approved.(61) The remaining protein segments make up the protein coat that surrounds 
the RNA and the viral enzymes, forming the inner ‘capsid’, at the core of the virus 
particle. A third structural protein, the envelope protein, is made and transported to the 
cell surface independently. It contains the envelope glycoproteins, which together with 
elements from the host cell membrane, totally enclose the new virus particle, which 
leaves the cell in process known as budding.(62)
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M-tropic and T-tropic HIV

Tropism refers to which cells an organism such as HIV prefers to infect. The 
type of HIV that infects monocytes and macrophages is called macrophage (M) tropic 
virus, and uses CCR5 as the major coreceptor. M-tropic HIV replicates in peripheral 
blood lymphocytes, but does not usually form syncytia in in vitro culture. For this 
reason, M-tropic HIV strains are often referred to as Non-syncytia-inducing (NSI) 
strains, although the terms are not interchangeable.

Strains of HTV that infect T-cells and T-cell lines are referred to as T-cell line 
tropic. T-tropic HTV isolates are frequently syncytia-inducing (SI). The major 
coreceptor for T-tropic virus is CXCR4. NSI strain of the virus are considered to be less 
virulent than syncytia-inducing (SI) strain. The presence of SI virus is associated rapid 
progression and an unfavorable prognosis, and they tend to dominate in the later stages 
of HIV disease. I43’44’46'47’64)

The Immunopathogenesis of HIV Infection

The rate of progression of HIV disease may be substantially different among 
HIV-infected individuals. Following infection of the host with any virus, the delicate 
balance between virus replication and immune response to the virus determines both the 
outcome of the infection, i.e. the persistence versus elimination of the virus, and 
different rates of disease progression/65'67'*

i) Clinical Course of HIV Infection

The clinical course of HIV infection generally includes three phases or stages: 
(a) primary infection, (b) clinical latency, and (c) AIDS. Such a course of infection is 
characteristic of the so-called typical progressors who represent the majority of HIV- 
infected individuals. The median time from initial infection to progression to AIDS in 
typical progressors is eight to ten years
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ii) Primary In fection

Approximately three to six weeks after initial infection, 50-70% of HIV- 
infected individuals develop an acute mononucleosis-like syndrome. This period is 
associated with high levels of viremia, and within one week to three months there is an 
antibodies response to HTV. This immunity is apparently inadequate to suppress viral 
replication completely, since HTV expression persists in lymph nodes even when plasma 
viremia is difficult to detect. Detectable viremia declines markedly or disappears weeks 
to months after the acute syndrome subsides. Although a substantial percentage of 
patients with HIV infection do not have a ciinicaiiy recognizable acute syndrome after 
primary infection, the events described above probably occur even in the absence of 
symptoms.

Hi) Clinical Latency

Most patients have a period of “clinical latency” that lasts for years after primary 
infection, viral distribution, the appearance of HIV-specific immunity, and the apparent 
curtailment of viral replication. During this period virtually all patients have a gradual 
deterioration of their immune system, manifested particularly by the depletion of CD4+ 
T cells. Although this depletion may occur even without large increases in plasma 
concentrations of virus (as manifested by p24 antigenemia, viral RNA levels or 
culturable virus), viral replication in lymphoid organs, together with the spectrum of 
immunologic events that are directly or indirectly triggered by the virus, may contribute 
to it. Thus, HIV disease is clearly progressive during the so-called latent period.

iv) AIDS-defining Illness

AIDS-defining illness or clinically apparent disease is the inevitable outcome of 
the progressive deterioration of the immune system that occurs in most patients with 
HTV infection. Exceptions to the direct correlation between deteriorating immune 
function and clinically apparent disease are the progressive generalized
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lymph adenopathy; Kaposi’s sarcoma, which can occur before the onset of severe 
immunosuppression; and neurologic disease that may reflect direct or indirect effects of 
the virus or its products on neurons. The profound immunosuppression that occurs 
during this phase of HIV infection is the end stage of the immunopathogenic events that 
began at the time of primary infection, and continued for years through the clinically 
latent but microbiologically active stages of infection.

v) Typical Progressors

The majority (70-80%) of HIV-infected individuals belong to the group of 
typical progressors. Following primary infection, as mentioned above, typical 
progressors experience a long period (up to six to eight years) of clinical latency. 
Despite the lack of symptoms, HTV disease is active as is indicated by the persistent 
replication of virus and by the progressive loss of CD4+ T cells. Individuals with CD4+ 
T- cell counts > 500 per cumm3 generally remain free of symptoms, whereas the 
appearance of constitutional symptoms is generally more frequent in individuals with 
CD4+ T-cell counts below 500 per cumm3. Exceptions to this paradigm are subjects 
with CD4+ T-cell counts higher than 500 per cumm3 who develop progressive 
generalized lymphoadenopathy, Kaposi’s sarcoma, or neurologic diseases. Progression 
to clinically apparent disease or AIDS-defming illness generally occurs within eight to 
ten years in typical progressors. When CD4+ T-cell counts are below 200 per cumm3, 
the clinical picture may be characterized by severe and persistent constitutional signs 
and symptoms; at this level of CD4+ T cells, there is an increased susceptibility to 
opportunistic infections or neoplasms.

vi) Rapid Progressors

A significant percentage (10-12%) of HIV- infected individuals experience an 
unusually rapid progression to AIDS with two to three years of primary infection. 
Rapid progressors may experience a prolonged acute viral syndrome and the period of 
true clinical latency may be absent or very brief. Downregulation of the initial burst of 
viremia may not be very efficient in rapid progressors; even after the initial decrease,
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the levels of viremia may rise rapidly. Inefficient control of the initial burst of viremia 
and rapid rise in viremia within the first or second year after primary infection reflect a 
poor control of HIV infection by the immune system. In this regard, a delay in the 
appearance of the primary immune response or a rapid disappearance if certain immune 
functions during the early stages of the chronic phase of infection may be detected in 
rapid progressors.

vii) Long-Term Nonprogressors

A small percentage (less than 5 % on the basis of different cohorts ) of HIV- 
infected individuals do not experience progression of disease for an extended period of 
time. Long-term nonprogressors by some definitions have CD4+ T-cell counts that are 
within the normal range and are stable over time; in addition, they generally have low 
levels of virologie parameters and preservation of lymphoid tissue architecture and 
immune function. From a clinical standpoint, long-term nonprogressors are 
asymptomatic; it seems that in these individuals, HIV infection has been arrested with 
regard to disease progression. It is unknown whether long-term nonprogressors have 
experienced a primary infection similar to that of other groups of HIV- infected 
individuals, i.e. associated with an acute viral syndrome and burst of viremia.

viii) Long-Term Survivors

In a small percentage of subjects who experience progression of HIV disease 
within a period of time similar to typical progressors, both clinical and laboratory 
parameters, although abnormal, remain stable for an extended period of time. The 
mechanisms, either virologie or immunologic, that are responsible for preventing further 
progression of HIV disease are unclear at present; the possibility that changes in virus 
genotype and/or phenotype, as well as the possibility that preservation of certain HIV- 
specific immune responses are involved, is being investigated.
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Mechanisms of CD4 T Lymphocyte Dysfunction

Researchers are studying how HTV destroys or disables CD4+ T cells, and many 
think that a number of mechanisms may occur simultaneously in an HIV infection 
individual. Recent data suggest that billions of CD4+ T cell may destroyed very day, 
eventually overwhelming the immune system’s regenerative capacity/68’69’70-1

Direct Cell Killing

HTV may be directly involved in destruction of CD4 T cells, the budding of HIV 
from the cell surface disrupts cellular integrity and the intracellular interactions between 
gpl20 and CD4 may interfere with normal cellular metabolism

Syncytia Formation

The formation of syncytia involves fusion of the cell membrane of the infected 
CD4 cells, which results in giant multinucleated cells. Large syncytia can form 
rendering the targeted cells non-functional and susceptible to lysis. Patients infected 
with SI strains have a more rapid progression to AIDS.

HIV-specific Immune Responses

Both humoral and cellular immune responses contribute to antiviral immunity. 
Antibodies directed against some regions of the envelope of HTV may gave an 
additional protective function related to their ability to mediate antibody-dependent 
cellular cytotoxicity (ADCC) after binding to NK cells, leading to the killing of HIV- 
infected cells. HIV-specific cytotoxic T-lymphocytes (CTL) may play an important part 
in the immune response against HTV.
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Autoimmune Mechanisms and Molecular Mimicry

N on -p olym orp h ism  determ inants o f  m ajor-h istocom patib ility-com plex (M H C ) 
class II m o lecu les  share som e degree o f  structural h om ology  w ith  the g p l2 0  and gp41 
proteins o f  H IV , and antibodies to th ese  H r v  proteins could therefore cross-react w ith  
H LA  class II m o lecu les. T hese antibodies cou ld  prevent interaction betw een  C D 4 and 
class II m o lecu les  expressed  on the antigen-presenting ce lls , thus im pairing the cellular  
interaction required for effic ien t antigen presentation and inhibiting antigen -sp ecific  
functions m ediated  b y  helper C D 4 T ce lls .

Anergy

Several so lu b le  H IV  proteins appear to be capable o f  preventing the T ce lls  from  
proliferating after contact w ith  antigen, thereby reducing the capacity for clonal 
exp an sion  and replacem ent o f  the T ce ll pool.

Superantigens

T he superantigen hypothesis regarding H IV  infection  stem s from  the 
observation  that endogenous or exogen ou s retrovirus-encoded superantigens stim ulate  
m urine C D 4 T ce lls  in v ivo , leading to the anergy or deletion  o f  a substantial percentage  
o f  C D 4 T ce lls  that have the sp ecific  variable P-regions. H ow ever, rather than that 
cause d eletion s o f  sp ecific  subgroups o f  T  ce lls , it m ore lik ely  that superantigens serve  
as potent activators o f  T  ce lls , rendering them  m ore susceptib le to in fection  w ith  the 
virus.

Apoptosis

There has been speculation that cross-linking of the CD4 molecule by HIV
gpl20 or gpl20-anti-gpl20 immune complexes prepares the cell for programmed death,
or apoptosis, which occurs when an MHC class II molecule in complex with an antigen
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binds to the T -ce ll antigen receptor. A p op tosis, like the superantigens, w ou ld  help each  
depleted ce ll be in fected  w ith  HIV.

The Host Response to HIV Infection

Prim ary H IV -1 infection is characterized by h igh  lev e ls  o f  in fectiou s HIV-1 in 
plasm a and peripheral blood m ononuclear ce lls  (P B M C ) during the first few  w eek s o f  
in fection; in one study levels  o f  100 0 -1 0 0 0 0  tissu e-cu ltu re-in fective  d oses per m illilitre  
o f  p lasm a and 100-10000  in fective d oses per m illion  P B M C  w ere found.(71) The short 
and intense period o f  viral replication is  fo llo w ed  in the en su in g  w eek s by a rapid 
d eclin e in peripheral b lood  viral load (at least 10 0 -fo ld ) and concurrent resolution  o f  the 
acute illn ess. V iral clearance m ight be due either to  a progressive lack o f  susceptible  
target c e lls  or, m ore likely, to the em ergence o f  an e ffec tiv e  host m echanism  for viral 
clearance. T he m echanism s o f  this partial viral clearance during prim ary HTV-1 
in fection  are not fu lly  delineated, but the e ffect o f  hum oral, cellular, and cytokine  
responses to  H IV , is  certainly far greater and m ore sustained than that produced by  
current antiretroviral a g e n ts .(71,72)

Humoral Response

N eu traliz in g  antibodies to gp41 and g p l2 0  m ay contribute to viral clearance, 
although a direct correlation betw een  d eclin e in viral load and d evelopm ent o f  
neutralizing antibody has not yet been  dem onstrated. T hese antibodies tend to  develop  
after reso lu tion  o f  primary in fection , su ggestin g  that they are not the m ain m echanism  
o f  viral control. N eutralizing antibodies directed against the initial in fectin g  quasi­
sp ecies tend to  persist for years, but do not ev o lv e  to  subsequent variants, a p ossib le  
factor in d isease  p rogression /7^  A n tib od ies that inhibit syncytium  form ation and 
antibod ies that m ediate antibody-dependent cellular cy to tox ic ity  (A D C C ) against virally  
in fected  c e lls  a lso  develop  soon  after in fection . Their in v ivo  s ign ifican ce  is unclear. 
A n tib od ies d evelop  to  all major HTV proteins, although w ith  d isease progression, 
antibodies to p 24  tend to reduce in titerZ73^
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Cellular Response

A n  appreciable C D 8+  lym p h ocytosis occurs during prim ary HTV-1 in fection , 
gen erally  b eg in n in g  in the second  w eek  after onset o f  illn ess. U n lik e  the d evelopm ent o f  
neutralizing antibodies, the increase in  the num ber o f  C D 8 + ce lls  during primary HIV-3 
in fection  occurs concom itant w ith  resolution  o f  clin ica l sym ptom s and a decrease in the 
detectable le v e ls  o f  serum  p24 antigen, su ggestin g  that the C D 8 +  ce ll response to 
prim ary H IV -1 in fection  has a part in controlling viral replication in v ivo  as it has been  
sh ow n  to have in v i i r o P 4> T hese C D 8+  ce lls  represent H L A -restricted, H IV -sp ecific  
cy to to x ic  T  ce lls , and the H IV ep itopes are gradually bein g  characterized. A u to logou s  
C D 8 +  c e lls  have b een  found to inhibit HFv replication in v itro  b y  both ce ll-ce ll contact 
and by secretion  o f  cytok ines.(73) H ow ever, it is p ossib le  that som e cy to tox ic  T - 
lym p h ocytes (C T L s) are detrimental to  the host, as th ey  cou ld  recogn ize  and attack an 
u n in fected  c e ll presenting H IV antigens such as g p l2 0  on  its surface. R ecently , it has 
been  sh ow n  that restricted usage o f  T -ce ll receptor V B  gen es at the tim e o f  primary 
in fection  m ay  correlate w ith  a poor outcom e as opposed  to  th ose  subjects w h o generate  
a greater resp on se u sin g  several V B  genes. A s  H IV  in fection  b ecom es chronic the 
C D 8 +  CTL response can b ecom e pauciclonal and directed tow ards a few  
im m unodom in ant ep itopes. Variants o f  the dom inant HTV ep itop es expressed  b y  quasi­
sp ec ies  w ith in  the infected  host can sp ec ifica lly  antagonize recogn ition  o f  the parental 
ep itope thw arting the ability o f  H IV -sp ecific  CTL to control the in fection .(75,76,77)

Cytokines and HIV Disease

C ytok in es have a h igh ly  com p lex  netw ork to regulate the im m une system . This 
netw ork is redundant and pleiotropic, and operates in an autocrine and paracrine manner  
to  stim ulate or suppress cellular proliferation and differentiation, and to  m odulate  
im m une function  .(78,79) Chronic im m une activation induced b y  H IV  in fection  results in  
dysrégu lation  o f  the cytokine netw ork. A lteration o f  cytok ine production contributes to  
H IV  p ath ogen esis  by further stim ulating viral replication, suppressing the ability  o f  the 
im m une system  to m ount a strong antiviral response, and inducin g cytokine-m ediated  
cytopath ic e f f e c t s /80’81,82'83̂
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HTV infection  is associated  w ith  increased expression o f  proinflam m atory  
cytok in es, esp ec ia lly  during the later stages o f  d isease. The h igh  lev e ls  o f  T N F -a , IL- 
1 (3, and IL-6 are secreted by peripheral b lood  m ononuclear ce lls  (P B M C ) and 
m acrophages from  H IV -infected  su b jects.(80’81) T hese cytok in es are a lso  found at 
elevated  lev e ls  in the serum , cerebrospinal flu id , and tissue, particularly in lym phoid  
tissu e , a major site o f  H IV  replication throughout the course o f  d iseased 80-*

Proinflam m atory cytok ines, particularly T N F -a , are considered  the m ost potent 
H TV -inducing cytok ines. B oth T N F -a  and IL-1(3 activate the cellu lar transcription  
factor nuclear factor (N F ) kB , a strong inducer o f  H IV  lon g  term inal repeat (L T R )- 
m ediated  transcription. IL-6 alone appears to  increase H IV  exp ression  prim arily by a 
post-transcription m echanism . The role o f  endogenous proinflam m atory cytok in es in the 
regulation o f  H IV  replication has been dem onstrated in several cellu lar system s in v itro . 
In cultures o f  H IV -in fected  m acrophages, the viral suppressive activ ity  o f  several 
cy tok in es, such  as IL -10  and T G F-P, is attributable large to  their ab ility  to  inhibit the 
secretion  or activ ity  o f  HTV-inducing proinflam m atory c y to k in e s /8

H igh  circulating lev e ls  o f  th ese  cytok in es m ay cause som e o f  the c lin ical 
m anifestations o f  primary H IV-1 in fection  (e .g . fevers, ch ills , m yalg ia , headache, 
fatigue, leucopen ia , and w eigh t lo ss). Such  early rises in cytok in e lev e ls  occur before  
the d evelop m en t o f  H IV -sp ecific  antibodies and before the rise in C D  8+  cells , 
su ggestin g  that it is a first line o f  d efen se against HTV-1 infection; the precise source o f  
each o f  th ese  cytok in es is unclear.

A nother m ajor disruption in the cytok in e pattern observed  in H IV  d isease  is a 
p rogressive lo ss  in the ability  to  produce im m unoregulatory cytok in es, such as IL-2 and 
IL -12. B oth cytok in es are critical for e ffec tiv e  cell-m ediated  im m une responses, as they  
stim ulate proliferation and lytic activ ity  o f  cy to tox ic  T -lym p h ocytes (C T L ) and N K  
ce lls . T h ese cell-m ed iated  im m une effectors represent the prim ary m echanism  w hereby  
m ost viral in fection s are cleared. In addition, IL-12 is essen tia l for stim ulating the 
production o f  T  helper (Th) 1-type cytok in es, including IL-2 and IFN -y, w h ich  favor the
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d evelop m en t o f  cell-m ediated  im m une responses. W hile it is  clear that the T h l lim b o f  
cellu lar im m une responses is  im paired during the course o f  H IV  in fection , controversy  
surrounds the proposed dom inant o f  T h 2-lik e  response (i.e . secretion  o f  IL-4, IL -5, and 
IL -10 ) during progression o f  H IV  d isease , although not all data support this hypothesis. 
T h is change m ay determ ine w hether the prim ary response to  HTV is cellular or antibody  
in nature. H ow ever, as cellular responses appear to  be the m ore im portant, this Th 1 -Th2  
sw itch  m ay  be detrimental to the patient, the reasons for such a sw itch  are unclear.
(81,84,85)

F o llo w in g  initial clearance o f  circu lating virus, there is a clin ica l state o f  
sym p tom less in fection  during w h ich  H IV  can often  not be iso lated  from  the circulation  
and w h ich  m ay last from  o n ly  a few  m onths to over 10 years. H ow ever, during this 
period  o f  relative c lin ical latency, HTV accum ulates and replicates in lym phoid  tissue  
desp ite a lo w  viral burden in peripheral b lood . B ecau se  o f  its h igh  replicative and 
m utative capacity, w ith  tim e a m ultitude o f  q u asi-sp ecies appears in  a g iven  individual. 
H IV  appears to be retained w ithin  lym phoid  tissu e  by fo llicu lar dendritic ce lls  w h ich  
m ay present H IV  to  local im m une ce lls . C oncurrently, there is a gradual reappearance  
o f  H IV  in b lood  as w e ll as in non -lym p h oid  tissu e coupled w ith  a reduced load in 
lym p h oid  tissu e. D issem ination  o f  H IV  m ay be a result o f  the im m une system  fa iling  to  
d ev e lo p  e ffec tiv e  im m unologica l response to  the initial in fectin g  strain m ay be w e ll 
preserved.

R ecent research su ggests that H IV  undergoes rapid replication after the initial 
in fection , and destroys m any T ce lls  but that it is m et w ith  a v igorou s response by the 
im m une system , and the viral load drops after the prim ary illn ess. H ow ever, over tim e 
the im m une system  often, but not a lw ays, fa ils  to  keep the virus under control, and H IV  
b eco m es ascendant in  the struggle, the im m une system  fa ils , and fu ll-b low n  A ID S  
d evelop s. N o w a k  and M e Michael*-86'* put forward the su ggestion  that the H IV  virus 
con tin u ally  ev o lv es  and in doing  so produces such  a plethora o f  n ew  ep itopes that the 
im m une system  lo ses its w a y  and fa ils to  keep  up w ith  the n ew  targets. H ow ever i f  the 
in itial im m une response to conserved  ep itop es is strong the im m une system  d efense w ill 
not be in fluenced  b y  m utation in other ep itop es, and the body should  control the virus 
in d efin ite ly  i f  the response is directed m ore to  n on -con served  ep itopes the H IV  lev e ls
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should  rise as there is  the em ergence o f  m utants that escap e recogn ition  and because o f  
increase d iversity  o f  viral epitopes.

Chemokines and HIV Disease

W hen HTV binds to the surface o f  a T  ce ll or m acrophage, a p rocess is initiated  
w h ereb y the virus is pulled  inside the ce ll. For m any years, it w as k now n that H IV  could  
enter hum an im m une system  cells  b y  binding to  a receptor ca lled  C D 4 .(56) H ow ever, 
other anim als w h ose  ce lls  a lso  have C D 4 receptors d id  not b ecom e in fected  w ith  H IV  
(87) There therefore had to be another necessary  binding step.. R ecen t research has 
id entified  tw o  m issin g-lin k  transport receptors that are found on  the c e ll  surfaces o f  the 
im m une system  ce lls  m ost com m on ly  infected  b y  H IV .1-3’4,5’2^  M on ocytes and 
m acrophages have a different transport receptor than do C D 4 T -ce lls . B oth o f  the 
receptors and several o f  the chem okines that stim ulate them  w ere identified , and the 
study o f  ch em ok in es in HTV disease w a s b om . The n ew  fie ld  o f  ch em ok in e research has 
progressed  rem arkably quickly. It has recently been  d iscovered  that the congenital 
absence o f  a sp ec ific  co-receptor e ffec tiv e ly  protects som e ind iv id uals from  HTV 
in fection .

Cell Antiviral Factor

S in ce  1986, Jay L evy  had m aintained that C D 8 ce lls  (c e lls  that have a C D 8  
receptor on  their surface) secrete a so lu b le  factor, w h ich  h e  ca lled  ce ll antiviral factor 
(C A F ) that inhibits HTV replication in infected ce lls .(88,89) C A F  w orks independently  o f  
the usual C D 8 strategy for controlling v irally  in fected  ce lls , w h ich  is direct destruction  
(cy to ly s is ). Indirect ev id en ce for the ex isten ce  o f  such a factor or factors w as described  
in stud ies o f  long-term  non-progressors, and researchers began  a lengthy  p rocess o f  
elim in atin g  potential candidates. W hat hum an factor or factors account for the fact that, 
in som e p eo p le , HTV disease progression  is very s lo w  or even  absent? In D ecem ber  
1995, it w a s sh ow n  that 3 chem okines, R A N T E S , M I P - la  and M E P -ip , w ere m ade by
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C D 8 ce lls . A ll 3 chem okines w ere able to  inhibit HTV replication in  test tube studies.(6) 
R A N T E S , M I P - la  and M IP -ip  w ere isolated. T hese ch em ok in es w ere able to inhibit 
grow th o f  the HTV taken from  infected  individuals, but not the laboratory strain o f  H IV  
that w as com m on ly  studied (H IV IIIB).

Chemokine Receptors as HIV Coreceptors.

A lth ou gh  C D 4 w as identified  as the primary receptor for H IV -1 , it w as evident 
that an additional co-receptor w as n ecessary  for in fe c tio n /29’87  ̂ S in ce C D 4 had been  
found to  be necessary  but not su ffic ien t for viral entry in  m od el sy stem s, an expression  
clo n in g  strategy to confer an HTV-1 susceptib le phenotype in  non p erm issive  ce lls  
exp ressin g  hum an C D 4 w as pursued. In 1996, Y u  F eng, and co llea g u es titrated genetic  
m aterial from  H IV -susceptib le ce ll in to  m ou se C D 4 ce lls  so  as to  d iscovery  p recisely  
w hat substance conferred su sceptib ility229) E ventually  the effort id en tified  a huge  
m em brane spanning protein that they  are call fiisin  (sin ce  rem ained C X C R 4). It w as 
ch em ok in e  receptor. A t about the sam e tim e, the receptor for the ch em ok in e that C occi, 
and co llea g u es  had found to  b lock  H IV  in fection  w as identified  as C K R 5 ( n o w  called  
C C R 5).(6,64,90,91) C hem okine and their receptors becam e a matter o f  in tense interest 
am on g A ID S  researchers. M any studies have n ow  confirm ed C C R 5 to  be a co-receptor  
u tilized  b y  M -tropic HIV-1 to enter m acrophages, as the T-tropic HTV-1 u ses C X C R 4 to  
enter T - c e l l s /3'4’5,29’9̂  M any strains o f  HTV-1 have been sh ow n  to  use other chem okine  
receptors as co-receptors in in v itro  studies, including C C R 2, C C R 3, C C R 8, and CC R 9.
(3,4,5,7,8,91)

Genetic Polymorphisms that Delay AIDS Progression

Fortunately, several relatively  large, w ell-characterized  and w ell-m an aged  
cohorts o f  seroconvertors w ere initiated during the early years o f  HTV-1 ep idem ic. So  
far four coreceptors/chem okine genetic  polym orphism  have b een  identified  and 
correlated w ith  delayed  HTV-1 d isease progression rate u sin g  th eses cohorts: C C R 5A 32, 
(9 ,0'H)C C R 5m 303 ,(11)C C R 2-64I, (12’13'R15) and S D F 1 -3 ’A .(12>16-17) Several polym orphism  
in the gen e en cod in g  C X C R 4 have been  found, but none has proven  inform ative.(9)
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CCR5A32 and CCR5m303 Polymorphisms

The m ost studies o f  im portance in host genetic  resistant to HTV in fection  is a 32  
nucleotide deletion  in the CCR5 gene, C C R 5A 32, that results in truncation o f  the CCR5  
protein and abrogation o f  its H IV  co-receptor. Individuals h om ozygou s for th is m utation  
are h igh ly  resistant to H IV  in fe c t io n /9,10,17) Population surveys o f  th is a lle le  estim ate a 
frequency o f  approxim ately 10% in C aucasian population; but have found it to be  
absent or present at very lo w  lev e ls  in A sian  and A frican p o p u la tio n s /18) C C R 5-m 303 is 
an independent m utation in the CCR5 gene; a sin g le  nucleotide polym orphism , 
T hym idine (T ) to A d en in e(A ) substitution at position  303 , that a lso  lead to lack o f  
CCR5 on  the ce ll surface in h o m o z y g o te s /1

CCR2-64I Polymorphism

C C R 2 is  a co-receptor for o n ly  few  H IV stra in s(4,5,8) C C R 2-64I is  a point 
m utation in C C R 2 gene , the m utation p lace guanine (G ) instead o f  adenine (A ) at 
position  190 ( counting from  the A T G  start codon), causing the am ino acid iso leu cin e  to  
substitute for va line at p osition  64  in protein (C C R 2-64I), a conservative change located  
w ithin  the first transm em brane dom ain o f  the CCR2 receptor, a region that has com plete  
am ino acid  sequence conservation w ith  CCR.5.(13,14) A n alysis o f  3 ,003  patients from  five  
A ID S  -s tu d y  cohorts sh ow ed  that the m utation had no effect on  the in cid en ce o f  H IV  
in fe c t io n /13) H ow ever, in fection  in persons h om ozygou s or h eterozygou s for C C R 2-64I  
progressed to  A ID S  a m ean o f  tw o  to four years later than in fection  in person  w ith  on ly  
normal a lle les  o f  this g e n e /13,14,15) U n lik e C C R 5A 32, C C R 2-64I is a ch em ica lly  
conservative m utation, one that sp ec ifies  a fu ll-length  C C R 2 receptor and perm its it to  
be expressed  at norm al l e v e l s /15) The on ly  alteration is in the first o f  the receptor’s 
seven  transm em brane region. H ow  then d oes C C R 2-64I delay  progression  to A ID S ?. 
A lthough  the answ er rem ains uncertain, there are at least three p ossib le  explanations. 
O ne is that the m utation, though a change in function o f  C C R 2, indeed s lo w s the 
kinetics o f  HTV proliferation and spread in its hum an host. The hyp oth esis gain support 
from  find ing that C C R 2 can substitute for CCR5 as a co-receptor for som e H IV  strain.
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(P h y sio lo g ica lly , how ever, C C R 2 binds different ch em ok in es than does CC R 5. In 
particular, it binds M C P-1, M C P -2, and M C P -3, w hereas CCR5 binds R A N T E S, M IP- 
l a ,  and M E P l-p .) A  second idea is that C C R 2-64I had no effect but travels w ith  another 
m utation, perhaps in the CCR5 regulatory region , that m ore d irectly affects HTV. A  
third p ossib ility  is that C C R 2-64I acts though crosstalk  betw een  C C R 2 and other host 
m o lecu les important to H IV in fection . S o  far, an on go in g  search has fa iled  to identify  
any large d ifferences in cellu lar function  corresponding to different C C R 2 genotypes. 
There is , how ever, early ev id en ce  that the presence o f  m utation in C C R 2 sligh tly  
d im in ish es the amount o f  C X C R 4 in ce lls  exp ressin g  both receptors.(15) The a lle le  is 
found in  all racial groups tested  at the fo llo w in g  frequencies: C aucasians, 10%; A frican  
A m ericans, 15%; H ispanics, 17%; and A sian s, 26% .(13'14,9’20)

S D F 1 -3 ’A  P o ly m o rp h ism

A  strom al-derived factor 1 (S D F -1 ) is the principal ligand for C X C R 4, 
(1.24,40,41,93) 3 00. receptor w ith  C D 4 for T-tropic HTV-1. C heryl W inkler and co lleagu es  
(16) searched for a polym orphism  in SD F-1 structural gen e variants that m ight in fluence  
HTV-1 transm ission or pathogenesis. T hey  screened  1354 o f  3 5 2 6  base pairs (bp) in  
hum an SD F-1 p transcripts w ith  series o f  p o lym erase chain reaction (PC R ) prim ers and 
a single-stand  conform ation polym orphism  (S S C P ) heteroduplex assay  in a subgroup o f  
144 patients enrolled in five  ep id em io log ic  cohorts assem b led  to m onitor H IV-1  
in fection  and A ID S. Sequence analysis o f  com m on  variants revealed a G  to  A  transition  
at p osition  801 (counting from  the A T G  start cod on ) in the 3 ’ untranslated region  
(3 ’U T R ) o f  the reference sequence (G enbank accessio n  num ber L 36033). The  
p olym orphism  designated S D F 1 -3 ’U T R -801G -A  and abbreviated S D F 1 -3 ’A , is 
represented in the SDF-1 p transcript but not in the SD F-1 a  transcript. B ecause this 
variant elim inated an M sp I  restriction sites, a PC R -restriction fragm ent length  
p olym orphism  (RFLP) assay w as used for rapid detection  o f  gen otyp in g .(16) S D F 1 -3 ’A  
a lle le  frequency ranges w id e ly  across ethnic groups from  3-71% .(12’16,19,20’21,22) It occurs 
at 16-36 % allele  frequency in C aucasians, H ispanic and A sian s.(12’16,19'20’21) The h ighest 
frequency is observed in O ceanians, including N e w  G uinean, M elanesian  and A ustralia  
A boriginal populations (53 .6 -71 .4% ), and the lo w est frequencies in A frican  A m ericans
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(5 .7% ) and A fricans (3 % )/16,22) A  increasing c lin e o f  the S D F 1 -3 ’A  frequency form  
north to  south w as observed in East A sia .(94)

L ike C C R 2-64I, the m utation show ed  no effect on a p erson ’s risk o f  H IV  
in fection . ^  But like C C R 2-64I and also like C C R 5A 32, it proved ben efic ia l in  
d elay in g  progression  to A ID S. The benefit, how ever, w as gen etica lly  recessive . In 639  
H IV -p ositive  persons w h ose dates o f  seroconversion  cou ld  be estim ated precisely , those  
w ith  w ild  type a lle les show ed no difference in rate o f  progression  to A ID S  from  those  
h eterozygou s for the mutation. B y  contrast, those h o m ozygou s for S D F 1 -3 ’A  sh ow ed  a 
marked s lo w in g  in progression. Indeed, for d elaying A ID S , h o m o zy g o sity  w a s tw ice  as 
e ffec tiv e  as the genetically  dom inant influence o f  m utations in C C R 5 or C C R 2. The  
effect, m oreover, w as additive. That is, in fected  patients w ith  protective gen otyp es o f  
both SD F1 and a CC R  gene appeared to avoid  A ID S  longer than th ose w ith  genetic  
protection o f  on ly  one kind or the other. The 3 ’ untranslated region  o f  SD F1 is h igh ly  
conserved  in  sequence, w ith  69%  identity betw een  its D N A  in the hum an gen e and in 
the h o m o lo g o u s m ouse gene. Such a lev e l o f  conservation  su ggests that natural 
se lection  has had a role in preserving the sequence, acting as a constraint against 
evolutionary divergence. The im plication is that the region, desp ite bein g  untranslated  
into protein, m ay have an important genom ic function. For exam ple, it m ight be a target 
for factors a ffecting  the g en e’s expression. The sim p lest idea is that S D F 1 -3 ’A  
upregulates the b iosynthesis o f  SD F -1, m aking the protein m ore h igh ly  availab le to 
com p lete  w ith  HTV for binding to C X C R 4, and thereby b lock in g  the em ergen ce o f  H IV  
strains reliant on that receptor.

HIV/AIDS Epidemic

A s o f  the end o f  1999, an estim ated 33 .6  m illion  p eop le  w orld w id e (3 2 .4  m illion  
adults and 1.2 m illion  children younger than 15 years) are liv in g  w ith  H IV /A ID S . M ore  
than 69  percent o f  these peop le  (23 .3  m illion) live  in Sub-Saharan A frica; another 18 
percent (6  m illion ) live  in South and Southeast A sia . W orldw ide, approxim ately one in 
every 100 adults aged 15 to 49  is H IV -infected. A pproxim ately  4 6  percent o f  the 32 .4  
m illion  adults liv in g  w ith  H IV /A ID S w orldw ide are w om en; th is proportion is  grow ing.



A n estim ated  5.6 m illion  n ew  HTV in fections occurred w orldw ide during 1999. M ore 
than 95 percent o f  these n ew  in fections occurred in d evelop in g  countries. Through  
1999, cum ulative H IV /A ID S -associated  deaths w orldw ide num bered approxim ately
16.3 m illio n  - 1 2 .7  m illion  adults and 3 .6  m illion  children.(95)
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