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Untreated HIV-1 infection has a variable outcome. Some patients progress to AIDS within a 

few months, whereas others survive for years; a very few even resist progression for 

decades. The rate of AIDS progression is affected by variation in the genes that encode a 

patient’s human leukocyte antigen (HLA) proteins (1–3). This genetic association between 

HLA and AIDS progression has been attributed to differences in T cell recognition of HLA-

bound HIV-derived peptide epitopes. The virus can variably escape immune detection by 

generating mutations within the peptide epitopes (4). On page 480 of this issue, Gaiha et al. 
(5) explain variation in HIV immune escape by examining each epitope in the context of 

HIV protein structure, using network theory analysis. The authors found that epitopes 

containing amino acids with multiple interactions within the three-dimensional structure of 

an HIV protein are constrained from escape and tend to bind to protective HLA types.

Class I HLA molecules expressed by infected cells display and present HIV-derived peptides 

to CD8+ T cells. This enables CD8+ T cells to recognize these HIV peptide epitopes and 

destroy infected cells. Because some epitopes are constrained and cannot mutate without 

affecting viral fitness, HLA molecules that bind to these particular peptides are more 

effective in controlling infection. Some regions of HIV proteins may be conserved because 

of such fitness costs. Thus, there is interest in designing vaccines based on conserved regions 

of the virus proteome. However, some protein regions show conservation simply because 

they are not targeted by the immune response and therefore are not subjected to selective 

pressure. How and why certain peptides dominate T cell responses is not fully understood, 

but clearly, some regions of HIV proteins are more immunogenic than others. The most 

protective HLA types (such as B*57, B*27, and B*81) tend to bind to more conserved 

peptide epitopes, which may incur fitness costs if they mutate (6, 7). However, by no means 

are all infected people with these “lucky” HLA types protected, and some who attain 

prolonged immune control of their infection do not have advantageous HLA types.

On the basis of crystal structures of various HIV-1 proteins, Gaiha et al. analyzed each 

amino acid within peptide epitopes, typically 8 to 11 amino acids long, for its contacts with 

other amino acids in the protein. The contacts included hydrogen bonds, van der Waals 
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contacts, salt bridges, disulphide bonds, cation-π interactions, metal coordinated bonds, and 

local hydrophobic packing. This enabled calculation of network metrics to give a 

quantitative measure of the topological importance of each residue. The authors validated 

this approach with non-HIV proteins of known structure and function and showed highly 

significant inverse correlations between network score and experimentally determined 

mutational tolerance. Therefore, they could argue that network scores give an accurate 

measure of fitness costs of a mutation at any given site within an epitope. Gaiha et al. 
analyzed the protective value of all well-defined peptide epitopes and correlated this with the 

strength of T cell responses to that peptide and the control of viremia (see the figure). The 

findings provide an explanation for protection against AIDS progression on the basis of 

HLA type and clarify why some people without “good” HLA molecules can have good 

immune control over infection, whereas others with the same protective HLA types, whose 

T cells focus on less constrained epitopes, do not control HIV-1.

Previous quantitative fitness landscape analyses predicted vulnerable positions in the HIV 

proteome (8–10). Rather than the structure-based approach used by Gaiha et al., these 

studies used statistical correlations to map interacting networks—that is, the rate of immune 

escape was related to the amino acid sequence landscape of the virus. This enabled the 

identification of amino acids outside the epitope that were agonistic or antagonistic to escape 

from immune attack. A combination of epistatic and topological network analyses could be 

even more informative because variation at contact residues is factored in.

Another parameter to consider is immunodominance, in which the epitope that stimulates 

the strongest T cell response exerts the strongest selective pressure (11). Dominant T cells 

compete with and suppress less frequent T cells, but it is not clear why particular T cell 

responses dominate and why this varies between individuals (12). In the context of HIV 

infection and epitope fitness, it clearly matters which epitopes become immunodominant.

Gaiha et al. argue that understanding the topological network score of an epitope will help 

vaccine design. Only one experimental simian immunodeficiency virus (SIV)/HIV–specific 

T cell–stimulating prophylactic vaccine has been shown to be capable of enabling complete 

clearance of SIV infection soon after experimental challenge (in >50% of monkeys) (13). 

However, there are many unusual features of the CD8+ T cell responses elicited by this 

vaccine, including restriction of responses by major histocompatibility complex (MHC) 

class II and by nonclassical MHC Mamu-E, as well as the exceptional breadth of the T cell 

responses (vertebrate MHC includes human HLA and monkey Mamu ). It is unlikely that the 

infecting SIV could escape from T cells that recognize multiple SIV epitopes at the same 

time. Thus, a focus on networked or conserved epitopes might not be necessary if an HIV 

vaccine elicits such broad T cell responses. On the other hand, vaccine-stimulated CD8+ T 

cell responses against specific highly networked epitopes of HIV-1 may be valuable in 

therapeutic strategies, allowing the patient to eradicate latent virus reservoirs that become 

reactivated (14). A vaccine that focuses T cell responses on highly networked epitopes, 

which are often not naturally immunodominant, could be particularly effective.
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