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Abstract

Elite controllers or suppressors (ES) are HIV-1-infected patients who maintain viral loads of <50 copies/ml
without antiretroviral therapy. While HLA-B*57 and B*5801 alleles are overrepresented in ES, many HLA-B*57/
B*5801 patients become chronic progressors (CP). We show here that HIV-1 infection results in similar levels of
downregulation of HLA-B*57 and HLA-B*5801 molecules on primary CD4þ T cells from ES and CP. Thus,
differences in HIV-1-mediated downregulation of HLA-B*57/B*5801 molecules do not distinguish ES from CP.

Asmall subset of HIV-1 infected patients is able to
control viral replication without antiretroviral therapy.

These patients are known as elite controllers, HIV controllers,
or elite suppressors (ES).1 Replication-competent virus has
been isolated from some ES suggesting that host factors rather
than defective virus are responsible for the elite suppression
of HIV-1 replication.2,3 Thus, ES may provide insight into the
mechanisms involved in the immune control of viral replica-
tion. The HLA-B*57 and the closely related HLA-B*58-01 al-
leles are overrepresented in ES.1,4 These class I molecules are
thought to be involved in the presentation of immuno-
dominant epitopes to HIV-1-specific CD8þ T cells. Many
studies have shown that HIV-specific CD8þ T cell responses
from ES are functionally superior to those from CP.5–8 Studies
that have specifically compared HLA-B*57 ES to HLA-B*57
CP have shown that CD8þ T cells from ES are more likely to
focus on HLA-B*57-restricted Gag epitopes4 and are more
likely to proliferate in response to HIV-1-infected autologous
CD4þ T cells.8 The mechanisms responsible for these differ-
ences in CD8þ T cell function between HLA-B*57 ES and
HLA-B*57 CP remain unknown.

Downregulation of surface HLA A and B molecules is a
strategy used by HIV-1 to evade the CD8þ T cell response.9,10

We previously have shown that replication-competent viru-
ses isolated from ES and CP were equally efficient at down-
regulating surface HLA-A*2 and HLA-B*57 proteins on
primary CD4þ T cells.11 In contrast, it has recently been shown
that CD4þ T cells from macaques with rapidly progressive
disease are more susceptible to SIV-mediated HLA class I
downregulation than CD4þ T cells from macaques with nor-
mal disease progression.12 We thus tested the hypothesis that
CD4þ T cells from HLA-B*57þ ES would be significantly less
susceptible to HIV-1-mediated downregulation of surface

HLA-B*57 protein than CD4þ T cells from HLA-B*57þCP. This
would lead to more effective killing of HIV-1-infected cells and
could potentially explain the superior HIV-specific responses
seen in ES.

Peripheral blood mononuclear cells (PBMCs) were ob-
tained from eight HLA-B*57/5801 ES and from eight HLA-
B*57/5801 CP. The CP had a median CD4 nadir of 155 cells/ml
(range: 18–503 cells/ml) and a median peak viral load of
130,325 copies/ml (range: 13,308 to >750,000 copies/ml). Six
of the eight CP were currently on HAART regimens. The ES
all maintained viral loads of<50 copies/ml and had a median
CD4 count of 1150 cells/ml (range 636–2033 cells/ml). The
patients’ cells were activated with PHA and CD4þ T cells were
purified by negative selection with magnetic beads (Miltenyi)
on day 3. Pseudotyped virus expressing GFP and capable of
single-round infection was generated as described previous-
ly.13 The isolated CD4þ T cells were then infected with these
pseudotyped viruses by spinoculation. On day 3 of infection,
cells were collected and stained with Tricolor conjugated anti-
CD4 (Caltag Laboratories) and biotinylated anti-HLA-B*57
(One lambda) monoclonal antibodies. PE-conjugated Strep-
tavidin (Ebioscience) was then added, and the cells were then
fixed with 2% formaldehyde. FACS analysis was performed
and 50,000–100,000 cells in the lymphocyte gate were ana-
lyzed for each. The median infection rate of CD4þ T cells was
lower in CP (9%) than in ES (23%) due to the residual effect of
antiretrovirals in CP CD4þ T cells. The HLA-B*57 monoclonal
antibody has been previously described in a Caucasian pop-
ulation14 and it shows perfect concordance with molecular
HLA typing performed on a previously described cohort of
African-American ES.15

As previously reported, HIV infection resulted in signifi-
cant downregulation of surface CD4 molecules16 (Fig. 1A,
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quadrant 3). The infected cells that had downregulated CD4
also had markedly less surface HLA-B*57 molecules than
uninfected CD4þ T cells (Fig. 1B). There was no significant
difference in the percent of infected cells that had down-
regulated CD4 in ES and CP as determined by the Mann–
Whitney test ( p¼ 0.328, Fig. 2A). There was also no significant
difference in HLA-B*57 expression on stimulated uninfected
CD4þ T cells in CP and ES (data not shown). The mean
fluorescence intensity (MFI) of HLA-B*57/5801 expression on
CD4 low, GFP-positive infected cells (quadrant 3 in Fig. 1A)
was divided by that of the MFI on CD4-positive GFP-negative
uninfected cells in each sample (quadrant 1 in Fig. 1A). The
resulting MFI ratios are compared in Fig. 2A. There was no
significant difference in the ratio of HLA-B*57 expression on
infected versus uninfected CD4þ T cells in CP and ES
( p¼ 0.645). We next determined whether the peak viral load

in HLA-B*57 CP was related to the degree of HIV-1-mediated
HLA-B*57 downregulation on CD4 T cells. As shown in Fig.
2B, Spearman’s rank correlation analysis showed no signifi-
cant correlation between the two parameters (r¼ 0.238,
p¼ 0.582).

We have previously reported an HLA-B*5703 transmission
pair with a transmitter who developed full-blown AIDS and
a recipient who became an ES.3 Functional studies showed
that primary CD8þ T cells from the ES were much more ef-
fective at controlling replication of the transmitted virus in
autologous CD4þ T cells than CD8þ T cells from the trans-
mitter.3 To determine whether differences in HLA-B*57
downregulation induced by the transmitted virus were re-
sponsible for the difference in CTL responses, CD4þ T cells
from both patients were infected with the transmitted repli-
cation-competent virus and after staining surface CD4 and

FIG. 1. Representative dot plots (A) and histograms (B) showing downregulation of CD4 and HLA-B*57 proteins, re-
spectively, on HIV-1-infected cells (GFP positive) for an elite suppressor (ES) and a chronic progressor (CP). The expressions
of HLA-B*57 on uninfected CD4þ T cells (quadrant 1) and infected CD4low cells (quadrant 3) are shown in the histogram.
Color images available online at www.liebertonline.com/aid.
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HLA-B*57 molecules, the cells were then fixed and permea-
bilized and stained with the KC57 gag-specific monoclonal
antibody (Beckman Coulter) as previously described.11 The
MFI ratio of B57 expression on infected versus uninfected
CD4þ T cells was comparable in the two patients (0.41 for ES,
0.25 for CP) and was similar to the range we have seen in cells
from two other ES.11

Although the relatively small size of our study limits our
ability to detect subtle differences between ES and CP, the
data suggest that marked differences in HIV-1-mediated
downregulation of HLA-B*57 proteins do not explain the
superior CD8þ T cell responses seen in ES and do not explain
elite suppression of HIV-1 replication. This supports a prior
study that showed there was no difference in the sequence of
the cytoplasmic tail of HLA-B*5701 in five ES and five CP.4

Furthermore, our data demonstrate there is no direct corre-
lation between the extent of HLA-B*57 downregulation and

viral load in CP, although we cannot rule out the possibility
that treatment with HAART has affected the modulation of
this HLA molecule in some patients. Although it is possible
that different human HLA A and B proteins differ in their
susceptibility to HIV-mediated downregulation, our data
show that HLA-B*57 proteins are downregulated to a similar
degree in HLA-B*57 ES and HLA-B*57 CP. Further study will
be needed to determine why some HLA-B*57 individuals
become ES whereas others develop progressive disease. The
results will have major implications for the design of HIV-1
vaccines.
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FIG. 2. MFI ratio of HLA-B*57/5801 expression and fraction of infected cells that had downregulated CD4 are shown for
eight ES and eight CP (A). The open symbols represent HLA-B*5801-positive patients and the closed symbols represent HLA-
B*57-positive patients. The horizontal bars represent the median value for each group. The relationship between peak viral
load and the MFI ratio of HLA-B*57/5801 expression is shown (B). Color images available online at www.liebertonline.com/aid.
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