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Genomics: Discovering Associations with HIV/AIDS

Human immunodeficiency virus, most commonly known today as HIV, is a global 

pandemic that has led to the deaths of millions of individuals since its debut in the early 1980s. 

Although there are actually two types of HIV, creatively designated as “HIV-1” and “HIV-2”, the 

term “HIV” in the United States refers to HIV-1 unless otherwise specified; this custom was used 

for this paper as well. In 1999, a team of researchers discovered that HIV originated in the native 

lands of west equatorial Africa in a subspecies of chimpanzee that live there. This original virus, 

SIV (simian immunodeficiency virus), could have been exposed to humans via hunters 

unprotected from infected blood (Giraldo-Vela et al., 2008).

Studies of those primates, chimpanzees and rhesus macaques alike, have shown that they 

are able to control their viral loads and replication, granting them the name of elite controllers 

(Giraldo-Vela et al., 2008).  Similarly, a small percentage of humans throughout the past three 

decades have been able to seemingly halt disease progression over an extended period of time; 

they are known as long-term non-progressors (LTNP). On the other side of the spectrum is a 

small percentage of HIV positive individuals known as rapid progressors (RP) who “rapidly 

progress” to AIDS when without the benefit of medication. In a small group of HIV negative sex 

workers in Kenya lies another subset of HIV/AIDS progression: highly exposed persistently 

seronegative (HEPS). Despite multiple “unprotected sexual exposures to HIV-1 per year”, they 

have managed to resist HIV infection (Kaul et al., 2001). These varying disease progressions and 

discovered associations suggest that HIV/AIDS susceptibility and progression are influenced to 

some degree by an individual’s genetic make-up.  Because of that, genomics have been used 

extensively in the recent decade to expose new associations and further our understanding of this 

disease.

CCR5 and the Berlin Patient
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CCR5, C-C chemokine receptor type 5, is a protein expressed on the surface of CD4-

bearing T lymphocytes and a major coreceptor for HIV cell entry (with the other major 

coreceptor being CXCR4, the CXC chemokine receptor) (Hütter et al., 2009). Mutations in 

CCR5, such as rs333 (also known as � 3 2), in which thirty-two base pairs are deleted from the 

coding region of the gene, lead to the production of a truncated protein, therefore not expressing 

the receptor on the cell surface. In this way, homozygosity of the mutation directly prevents HIV 

from entering the body’s immune cells. This mutation was originally thought to have appeared 

about 1000 years ago and risen to its relatively high frequency due to strong positive selection 

through selective agents such as the bubonic plague or smallpox. Somewhat recent findings 

however suggest that the mutation emerged about 5000 years ago in line with neutral evolution 

(Sabeti et al., 2005). 

Yet no matter when the mutation arose, its clear implications for positive selection have 

allowed it to increase to a frequency in which one percent of European populations are 

homozygous for this mutation. This relatively high frequency of appearance however is only 

present in European Caucasians and is absent “among African, Native American, and East Asian 

populations, suggesting that the � 3 2  mutation occurred after the separation of the ancestral 

founders of these populations” (Sabeti et al., 2005). At the genetic level, individuals who are 

homozygous for this mutation are practically immune to HIV infection; even those who are 

heterozygous for this mutation have an increased immunity against the virus when compared to 

those without the mutation since a reduced number of CCR5 molecules are functioning.

In 2007, a forty-year-old man, Timothy Ray Brown, was diagnosed with acute myeloid 

leukemia. He became a patient of Gero Hütter and other physicians at Charite Hospital in Berlin. 

Diagnosed with HIV ten years previous, he had been on HAART treatment for four years with no 

signs or symptoms of AIDS having been observed. The first initial treatment of the leukemia 

with chemotherapy induced renal failure, leading to the discontinuation of HAART in order to 

proceed with leukemia treatment, resuming with its completion before a viral steady state could 

be reached. When the leukemia relapsed ten months later, Brown “underwent allogeneic stem-
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cell transplantation with CD34+ peripheral-blood stem cells from an HLA-identical donor who 

had been screened for homozygosity for the CCR5 � 3 2 allele” (Hütter et al., 2009). He received 

a second transplant from the same donor over a year later when the acute myeloid leukemia 

relapsed. HAART was discontinued after the second transplant, and there was no sign of active, 

replicating HIV in the patient (Hütter et al., 2009). 

Although there were previous experiments prior to 2007 to control HIV infection with 

stem cell transplantation, no regard to the donor’s CCR5 � 3 2  status was considered and the 

efforts failed. However, Timothy Brown, “the Berlin patient”, has not presented any sign of HIV 

(no detection in peripheral blood, bone marrow, or rectal mucosa) since his second transplant due 

to the complete alteration of his monocytes from heterozygous to homozygous CCR5 � 3 2  

(Hütter et al., 2009). This finding illustrated the depth of CCR5 involvement in HIV 

susceptibility and acquisition and motivated the development of new treatment ideas for HIV.

DARC Association Studies

Although the CCR5 � 3 2  discovery was revolutionary in terms of HIV acquisition 

studies, it is limited to European Caucasians since the mutation does not occur in any other 

populations. Because HIV has infected the most individuals in sub-Saharan Africa, multiple 

studies have attempted to find a particular gene or set of genes that could potentially explain the 

high rate of acquisition in Africa.

In 2008, a study on DARC, duffy antigen receptor for chemokines, expanded the 

potential roles of the protein. A receptor found on red blood cells, it is known to influence plasma 

levels of several chemokines, including those found in HIV-1 suppression like CCL5/RANTES 

and is also a red blood cell receptor for Plasmodium vivax and Plasmodium knowlesi (He et al., 

2008).  On UniProt, the gene ontology of DARC lists its biological processes as defense 

response, inflammatory response, and the regulation of chemokine production (UniProt). The 

DARC -46C/C genotype results in a DARC-negative phenotype, meaning that the red blood cells 

lack the receptor. This genotype occurs due to a SNP (T/C, rs2814778) at the -46 position in the 

promoter region of DARC. Consequentially, individuals with this genotype are highly resistant to 
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malaria, giving them a biological advantage over those with DARC, especially within an 

environment well suited for malaria. Due to this selective advantage, the -46C/C genotype is 

almost universal in sub-Saharan black Africans (He et al., 2008). DARC has been shown to also 

intervene in the binding of HIV to red blood cells and to target cells due to its regulation of HIV 

suppressing chemokines.

Consequentially, while an individual without DARC on red blood cells is resistant to 

malaria, the antigen’s absence from erythrocytes also creates the possible risk of having 

increased susceptibility to HIV. This could be due to the fact that the absence of DARC causes a 

decrease in chemokine levels, thus reducing a potential shield for binding HIV to red blood cells 

and HIV target cells. However, despite the increased possibility of acquisition, those without 

DARC happened to have a slower disease progression, gaining a survival advantage comparable 

to CCR5 � 3 2  heterozygosity found in European American populations (He et al., 2008). This 

retarded progression is thought to be associated with a duller immune response after infection 

due to the decreased number of proinflammatory HIV-suppressive chemokines. Therefore, 

relatively, DARC positive individuals have an accelerated rate of progression, although DARC 

positive phenotypes are much more rare in sub-Saharan Africans and without the increased risk 

of HIV acquisition. Another scenario could be that HIV is able to bind to DARC after infection, 

thus making it much more infectious and stable than free-viruses, leading to a faster rate of 

disease progression (He et al., 2008). 

Besides the direct impact that DARC (or the lack of DARC specifically) may have on 

HIV acquisition and disease progression, Africans, or those descended from African ancestry, 

historically have lower white blood cell counts than individuals of European ancestry; this 

phenomenon is known as ethnic leukopenia (< 4000 cells/mm3), typically considered to be a 

benign phenotype. “Admixture mapping and other genetic studies in large 

nonimmunosuppressed cohorts of European Americans and African Americans” have shown that 

DARC -46C/C is the main genetic factor associated with ethnic based leukopenia in Africans 
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(Kulkarni et al., 2009). However, in the early stages of HIV infection, leukopenia is common 

amongst all populations, regardless of ethnicity. Despite this, individuals in a HIV-positive 

cohort lacking DARC (African Americans) still maintained a survival advantage over HIV-

positive European Americans. While European Americans with low white blood cell counts had 

more rapid disease courses than individuals with high white blood cell counts from the same 

population, African Americans, no matter the white blood cell count, progressed at a relatively 

similar rate (although those with high white blood cell status tended to have a slightly longer 

disease course) (Kulkarni et al., 2009). 

A risk to association studies like DARC is that there could be other genotypes that 

influence HIV susceptibility and progression that have yet to be discovered. There is extensive 

linkage disequilibrium around the -46C/C locus, thereby preventing the definitive conclusion that 

the effects of HIV susceptibility and disease progression observed in Africans is attributed to the 

-46C/C genotype since they could be caused by another genotype, polymorphism, or set of 

polymorphisms linked to rs2814778 (-46C/C mutation) (Kulkarni et al., 2009). In addition, there 

is a possibility that DARC is not a cause for ethnic leukopenia amongst Africans, although the 

-46C/C mutation does display a counter-intuitive advantage to the population like leukopenia. A 

lower white blood cell count, while signaling a weaker immune response, decreases 

inflammatory response to viral infections and consequentially cell entry. Therefore, although not 

definitive, there appears to be a delicate interaction between the survival advantage granted from 

DARC -46C/C and leukopenia supported from previous associations between the DARC-

negative state and malaria. 
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Genome-Wide Association Studies

In 2008, the NIH created a policy for the sharing of data regarding genome-wide 

association studies. Those studies are defined as association studies in which the concentration of 

genetic patterns and the linkage disequilibrium are used to illustrate “a large portion of the 

common variation in the human genome in the population under study” (Genome-Wide 

Association Studies). The use of various phenotypes in GWAS has the potential to be significant 

help in determining what genetic factors are associated with certain HIV acquisition responses. 

For example, a GWAS of AIDS through the study of a nonprogressive HIV positive cohort has 

found that the HCP5 gene in the HLA region on chromosome 6 may have a major role in HIV 

infection, as shown through its linkage disequilibrium to several other genes in the HLA locus 

(Manen et al., 2011). 

Genomic practices and association studies led to the discovery of the CCR5 � 3 2  

mutation and its benefits on the small percentage of affected European Caucasians. Those same 

practices have led to the completion of countless studies, like the one on DARC, investigating 

associations between genotype, phenotype, and disease. These studies, although relatively new, 

may just give mankind the advantage it needs against an enemy as formidable as HIV. The 

discovery of new SNPs and genes and the production of better diagnostic technologies and cost-

effective solutions through GWAS has the potential, in time, to lead to better antiviral therapies, 

improved patient care, and a solution in combating this viral opponent.
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