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Plasmacytoid Dendritic Cells Reduce HIV Production in Elite
Controllers

K. Machmach,a,b M. Leal,a,b C. Gras,c P. Viciana,a M. Genebat,a E. Franco,d F. Boufassa,e O. Lambotte,e,f,g J. P. Herbeuval,c

and E. Ruiz-Mateosa,b

Laboratory of Immunovirology, Biomedicine Institute of Seville (IBIS), Infectious Diseases Service, Virgen del Rocío University Hospital, Seville, Spaina; Biochemistry

Department, Virgen del Rocío University Hospital, Seville, Spainb; CNRS UMR 8147, Université Paris Descartes, Paris, Francec; Centro Regional de Transfusiones Sanguíneas

Sevilla/Huelva y Banco de Tejidos, Seville, Spaind; and INSERM U1012, Bicêtre,e AP-HP, Department of Internal Medicine and Infectious Diseases, Bicêtre Hospital, Bicêtre,f

and Université Paris-Sud, U1012, Bicêtre,g France

HIV elite controllers (EC) are a rare group of HIV-infected patients who are able to maintain undetectable viral loads during a

long period of time in the absence of antiretroviral treatment. Adaptive immunity and host genetic factors, although implicated,

do not entirely explain this phenomenon. On the other hand, plasmacytoid dendritic cells (pDCs) are the principal type I inter-

feron (IFN) producers in response to viral infection, and it is unknown whether pDCs are involved in the control of HIV infec-

tion in EC. In our study, we analyzed peripheral pDC levels and IFN-a production by peripheral blood mononuclear cells

(PBMCs) in EC compared to other groups of HIV-infected patients, the ability of pDCs to reduce HIV production in vitro, and

the mechanisms potentially involved. We showed preserved pDC counts and IFN-a production in EC. We also observed a higher

capacity of pDCs from EC to reduce HIV production and to induce T cell apoptosis, whereas pDCs from viremic patients barely

responded without previous Toll-like receptor 9 (TLR-9) stimulus. The preserved functionality of pDCs from EC to reduce viral

production may be one of the mechanisms involved in the control of HIV viremia in these subjects. These results demonstrate

the importance of innate immunity in HIV pathogenesis, and an understanding of pDC mechanisms would be helpful for the

design of new therapies.

HIV elite controllers (EC) are a rare group of HIV-infected

patients who are able to maintain undetectable viral loads

during a long period of time in the absence of antiretroviral treat-

ment (ART) (2, 9). Mechanisms responsible for this spontaneous

control have been studied with the hope of developing a therapeu-

tic vaccine against HIV.

Preserved T cell functionality has been described for EC (16,

22, 24); however, the innate immunity response needs to be char-

acterized. Plasmacytoid dendritic cells (pDCs) are innate immune

cells that respond to viral infections, producing up to 1,000-fold

more alpha interferon (IFN-a) than other cell types (31) through

the stimulation of Toll-like receptor 7 (TLR-7) and TLR-9. The

IFN-a produced by pDCs not only participates in the inhibition of

viral replication but also has an adjuvant effect on different im-

mune cells types, like monocytes (20), natural killer cells (14), and

T cells (10), providing a link between innate and adaptive immu-

nity. In the viral infection scenario, HIV stimulation of pDCs in-

duces high levels of IFN-a production and the rapid expression of

tumor necrosis factor (TNF)-related apoptosis-inducing ligand

(TRAIL), transforming them into IFN-producing killer pDCs

(iKpDCs) (5). TRAIL was shown previously to be involved in the

selective induction of apoptosis of uninfected CD41 T cells (12).

Furthermore, TRAIL-expressing iKpDCs were shown previously

to be in close proximity to apoptotic CD41 T cells in tonsils of

HIV-infected viremic patients (30).

In a clinical setting, the number of pDCs has been shown to be

preserved in long-term nonprogressor subjects and to be de-

creased in patients progressing to AIDS (29). Highly active anti-

retroviral therapy (HAART) induced the recovery of pDC num-

bers and IFN-a production earlier and at a higher level than CD41

T cell recovery (27, 28). This increase in the number of pDCs

during HAART correlates with a lower virus set point after struc-
ture therapy interruption (21).

All this knowledge prompted us to hypothesize whether pDCs
could be involved in the spontaneous control of HIV viremia ex-
perienced in EC. The aim of this study was to quantify pDC levels
and to analyze pDC functionality in relation to the spontaneous
control of HIV viremia observed for HIV elite controllers.

MATERIALS AND METHODS

Study subjects. The study was performed at the Infectious Diseases Ser-
vices of the Virgen del Rocío University Hospital (Seville, Spain) and the
CNRS-Unite Mixte de Recherche UMR-8147 at the Necker Hospital
(Paris, France). HIV-infected patients came from the Infectious Diseases
Services HIV-infected patient cohort (26) and from the French ANRS
CO18 HIV controller cohort. Buffy coat from HIV-1- and hepatitis C
virus (HCV)-seronegative blood bank donors was obtained from the Cen-
tro Regional de Transfusión Sanguínea de Sevilla-Huelva y Banco de Teji-
dos (Seville, Spain) and from the Etablissement Français du Sang (Paris,
France). In Spain, samples from patients were kindly provided by the HIV
BioBank, integrated within the Spanish AIDS Research Network (RIS).

In this study, we included 14 EC, who were defined as HIV-infected
subjects with undetectable viral loads (,40 HIV RNA copies/ml) in at
least three determinations during the last year in the absence of any anti-
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retroviral therapy. The EC were compared with 13 relative controllers

(RC), defined as HIV-infected subjects without any antiretroviral therapy

and with viral loads of between 40 and 1,000 HIV RNA copies/ml in at

least the last three determinations during the last year. There were also 19

treated subjects (HAART), defined as HIV-infected subjects on HAART

and with undetectable viral loads at least during the last year; 25 viremic

subjects (VIR), defined as HIV-infected subjects with high viral loads

(.10,000 HIV RNA copies/ml) and naive for any antiretroviral therapy;

and 22 HIV- and HCV-seronegative donors (HD). All participants gave

written informed consent prior to blood sampling. Experimental proce-

dures with human blood have been approved by the Virgen del Rocío,

Bicêtre, and Necker Hospital Ethical Committees for human research and

were done according to European Union guidelines and the Declaration

of Helsinki.

Laboratory measurements. Absolute CD4 T cell numbers in fresh

blood were determined with an Epics XL-MCL flow cytometer (Beckman

Coulter). Plasma HIV-1 RNA levels were measured by quantitative PCR

(Cobas Ampliprep/Cobas TaqMan HIV-1 test; Roche Molecular Systems)

according to the manufacturer’s instructions. The detection limit was 40

HIV RNA copies/ml. HCV RNA was detected with a commercially avail-

able PCR procedure (Cobas Amplicor; Roche Diagnosis) with a detection

limit of 15 IU/ml.

Isolation and culture of blood leukocytes. In vitro experiments were

performed with peripheral blood mononuclear cells (PBMCs) freshly iso-

lated by density gradient centrifugation. Primary CD41 T cells were neg-

atively isolated (purity of .90%) from whole blood (RosetteSep human
CD41 T cell enrichment cocktail). Fresh pDCs (purity of .90%) were
isolated from 450 ml of whole blood after density gradient centrifugation

by use of an EasySep Human Plasmacytoid DC enrichment kit (StemCell)

according to the manufacturer’s instructions. All cells were cultured in
RPMI 1640 (Invitrogen) containing 10% fetal bovine serum (HyClone)

and 1% penicillin-streptomycin-glutamine (Invitrogen).
IFN-a production by PBMCs. Freshly isolated PBMCs (1.5 3 106

cells) were cultured in a 48-well plate overnight and stimulated with 1 mM

CpG ODN 2216 (Invivogen), a TLR-9 ligand. The amount of IFN-a in the
supernatants was assessed by an IFN-a multisubtype enzyme-linked im-

munosorbent assay (ELISA) kit (PBL Interferon Source) according to the
manufacturer’s instructions.

Primary CD41 T cell infections. Purified CD41 T cells were stimu-
lated during 3 days with phytohemagglutinin (PHA) (5 mg/ml). CD41 T
cells (106 cells/ml) were infected with HIV-1 BaL, a CCR5-tropic strain, at
a multiplicity of infection (MOI) of 0.01 in 6-well plates by spinoculation
at 2.5 krpm for 2 h at room temperature (19). After challenge, the cells

were washed and cultured during 6 days in 5 ml of culture medium con-

taining interleukin-2 (IL-2) (100 U/ml). Viral replication was measured
by quantitative PCR (Cobas Ampliprep/Cobas TaqMan HIV-1 test;
Roche Molecular Systems) according to the manufacturer’s instructions.

Levels of virus production in the supernatant after 6 days of infection

ranged from 103 to 106 HIV RNA copies/ml, depending on the donor.
pDC-mediated suppression and apoptosis assays. Purified pDCs (ef-

fectors cells) were incubated overnight with or without 1 mM CpG ODN
2216 (Invivogen). The endosomal acidification inhibitor chloroquine

diphosphate salt (CQ) at 1 mM (Sigma-Aldrich) and 10 mg/ml of anti-
IFN-a antibody (R&D Systems) were used. In a 96-well plate, 50 3 103

pDCs per well were cocultivated with the chronically HIV-infected H9 T

cell line (23, 25) at a 2:1 ratio of effector cells/target cells. After 5 days of

coculture, the supernatants were collected to assess p24 (Innogenetic) and
IFN-a levels by an ELISA (PBL Interferon Source). To analyze the ability

of pDCs to suppress viral production, we calculated the index of suppres-
sion in the supernatants [index of suppression 5 log HIV p24 (T cells) 2

log HIV p24 (T cells 1 pDCs)]. Apoptosis determined by annexin V/To-

pro-III staining and intracellular p24-positive (p241) cells were measured
by flow cytometry with H9 T cells of the coculture. To analyze the antiviral

effect of IFN-a, in a different experiment, we cultured HIV-infected H9 T

cells alone and in the presence of recombinant IFN-a (R&D Systems);

after 1 and 5 days of culture, p241 H9 T cell percentages were assessed by
flow cytometry. In a different experiment, HIV-infected primary autolo-
gous CD41 T cells were used as target cells and cultured in a 96-well plate
in the presence of 50 3 103 unstimulated and CpG-stimulated pDCs per
well at a ratio 1:2 (effector cells/target cells). After 24 h of coculture, the
cells were washed with annexin buffer, and HIV-infected primary autol-
ogous CD41 T cell apoptosis rates were analyzed by annexin V/Topro-III
staining.

Flow cytometry. Freshly isolated PBMCs were incubated for 20 min at
4°C with fluorescein isothiocyanate (FITC)-conjugated anti-BDCA2
(Miltenyi Biotec) and phycoerythrin (PE)-conjugated anti-CD123 (BD
Bioscience) antibodies. pDCs were defined as BDCA21 CD1231. This
analysis was performed with a Cytomics FC500 flow cytometer, and data
were analyzed by use of CXP software (Beckman Coulter). To measure
apoptosis rates, cocultured cells were washed with annexin buffer (BD
Bioscience) and incubated for 15 min at 4°C with FITC-conjugated anti-
annexin V (BD Bioscience), PE-conjugated anti-CD123 (BD Bioscience),
and allophycocyanin (APC)-conjugated anti-Topro-III (Invitrogen) an-
tibodies. For intracellular p24 detection, after extracellular staining with
PE-conjugated anti-CD123 antibodies, cells were incubated in permeabi-
lization buffer containing 1% saponin with monoclonal anti-p24 (FITC-
KC57; Beckman Coulter) or control isotype antibodies. Annexin V/
Topro-III or intracellular p24 was measured in H9 T cells and in HIV-
infected autologous CD41 T cells defined as being CD123 negative. Flu-
orescence-activated cell sorter (FACS) analysis was performed on a FACS
Canto 7 color flow cytometer using FACS Diva software (BD Bioscience).
FlowJo software (Treestar, Ashland, OR) was used to analyze flow cytom-
etry data.

Three-dimensional (3D) microscopy. Purified pDCs from HD, VIR,
and EC subjects were plated onto poly-L-lysine-coated slides (Sigma) and
then fixed in 4% paraformaldehyde, quenched with 0.1 M glycine. Cells
were incubated in permeabilizing buffer containing 1% saponin with
mouse anti-TLR-7 (Cliniscience) and Alexa 547-labeled anti-CD4 (BD
Bioscience) antibodies. The nucleus was stained by using 4=,6-diamidino-
2-phenylindole (DAPI) (Molecular Probes). Mounted slides were
scanned with a Nikon Eclipse 90i upright microscope (Nikon Instruments
Europe, Badhoevedorp, Netherlands) using a 1003 Plan Apo VC Piezo
objective (numerical aperture [NA], 1.4) and Chroma Bloc filters (ET-
DAPI, ET-green fluorescent protein [GFP], and ET-Cy3) and were sub-
sequently deconvoluted with a Meinel algorithm and 8 iterations and
analyzed by using Metamorph (MDS Analytical Technologies). The TLR-
7/DAPI/CD4/overlay/confocal plane was made by using ImageJ software
(NIH, Bethesda, MD).

Statistical analysis. Statistical analyses were performed by using Sta-
tistical Package for the Social Sciences software (SPSS 17.0; SPSS Inc.,
Chicago, IL). The Spearman test was used to analyze the correlation be-
tween continuous variables. Differences between groups were analyzed by
Mann-Whitney U tests. The Wilcoxon test was used to analyze related
samples. All differences with a P value of ,0.05 were considered statisti-
cally significant.

RESULTS

Quantification of peripheral pDCs and IFN-a production.
Characteristics of the study subjects are summarized in Table 1.
pDC percentages were assessed for 14 EC, 13 RC, 19 HAART, 25
VIR, and 22 HD subjects (Fig. 1A). We observed preserved pDC
levels in EC (0.38%) compared to HD (0.4%) subjects and pDC
higher levels than those of noncontroller groups (Fig. 1A). These
results were similar when absolute pDC number were analyzed
(Fig. 1B); the only difference was that EC presented a trend of
higher pDC numbers than HAART subjects (6.9 pDCs/ml and 4.5
pDCs/ml, respectively; P 5 0.065). Interestingly, when both con-
troller groups were analyzed, we observed a trend of higher pDC
percentages in EC than in RC subjects (P 5 0.076), and no differ-
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ences were observed when RC subjects were compared to HAART
and VIR subjects (P 5 0.788 and P 5 0.175, respectively) (Fig.
1A). We also analyzed IFN-a production by PBMCs after TLR-9
stimulation (Fig. 1C). The level of IFN-a production was signifi-
cantly higher in EC patients than in all other groups, even HD and
RC subjects (P 5 0.038 and P 5 0.030, respectively). The level of
production of IFN-a was not statistically different for other
groups. As previously described (29), we also observed that pe-
ripheral pDC percentages correlated positively with IFN-a pro-
duction (r 5 0.427; P , 0.001) (Fig. 1D) and negatively with viral
load (r 5 20.307; P 5 0.005) (Fig. 1E).

Preserved pDC-mediated HIV suppression in EC. In order to
analyze the capability of pDCs to reduce HIV production, we de-
signed a coculture system using pDCs from 7 EC, 8 VIR, and 7 HD
subjects as effector cells and HIV-infected H9 T cells (23, 25) as
target cells. The EC included in these experiments were all naive
for ART and had a time from diagnosis of over 5 years. First, we
analyzed unstimulated pDCs (Fig. 2A) cocultured with H9 T cells.
Because H9 T cells produce HIV-1 particles, pDCs should be ac-
tivated during the 5 days of coculture. We observed that pDCs
from EC subjects were able to induce levels of viral suppression
similar to those of pDCs from HD subjects, while pDCs from VIR
subjects were not able to reduce viral production in H9 T cells.
Interestingly, when pDCs were previously stimulated with CpG
(Fig. 2B), we did not observed any difference among the groups.
pDCs from VIR subjects responded as well as pDCs from HD or
EC subjects by inducing similar levels of viral suppression.

These data are in accordance with IFN-a production (Fig. 2C);
pDCs from HD and EC subjects produced 100-fold more IFN-a
than did pDCs from VIR subjects when pDCs were not previously
stimulated. On the other hand, there were no differences in IFN-a
production by pDCs among the different groups when pDCs were
previously stimulated with TLR-9 (Fig. 2D).

We also observed that anti-IFN-a antibodies partially reverted
the reduction of p24 production induced by CpG-stimulated
pDCs (Fig. 2E). We also analyzed whether endocytosis was in-
volved in this process. We observed a restoration of p24 levels
when chloroquine (CQ) was used in the coculture. The levels of
p24 in CQ-treated cultures were similar to those in H9 T cells
alone, demonstrating a full recovery of p24 (Fig. 2F). These data
show that the antiviral effect of pDCs is at least in part due to

IFN-a and that endocytosis is necessary for pDC responses and
IFN-a production.

In an attempt to reproduce the results found with the super-
natants and to examine the mechanisms involved in viral sup-
pression, we analyzed by flow cytometry p241 H9 T cell per-
centages in the coculture and the antiviral effect of IFN-a by
adding recombinant IFN-a to H9 T cells (see Fig. S1 in the
supplemental material). We used CD123 staining to distin-
guish between the two cell types (see Fig. S1A in the supple-
mental material). We observed a reduction in numbers of p241

H9 T cells when all cells were gated; this effect was abolished
when pDCs were treated with CQ (see Fig. S1B in the supple-
mental material). In contrast, when we gated on live cells, we
did not observe any change in p241 H9 T cell percentages,
suggesting that the reduction of viral production was possibly
due to the apoptosis of H9 T cells (see Fig. S1C in the supple-
mental material). In order to analyze the antiviral effect of
IFN-a, HIV-infected H9 T cells were cultured with and with-
out recombinant IFN-a. After 1 day of culture with recombi-
nant IFN-a, we observed a reduction of p241 H9 T cell per-
centages, as we observed when H9 T cells were cocultured with
pDCs. However, this effect disappeared after 5 days, because no
additional recombinant IFN-a was added to the culture, show-
ing the transient effect of IFN-a (see Fig. S1D in the supple-
mental material). These results strongly suggested that IFN-a

is responsible for the suppression of p24, probably due to the
apoptosis of target cells.

Preserved capability of pDCs from EC to induce HIV-in-
fected T cell apoptosis. To confirm that pDC-mediated apoptosis
was involved in the reduction in p24 levels, we investigated the
efficiency of pDCs to induce H9 T cell apoptosis. First, by analyz-
ing cocultures of unstimulated pDCs and H9 T cells (Fig. 3A), we
observed that pDCs from EC subjects induced similar annexin
V-positive T cell percentages and a tendency to induce higher
Topro-III-positive T cell percentages than pDCs from HD sub-
jects. When EC and VIR pDCs were compared, a greater capacity
of pDCs from EC to induce T cell apoptosis was observed (Fig.
3A). However, when CpG-stimulated pDCs were analyzed, no
differences were observed among the groups; CpG-stimulated
pDCs from EC, HD, and VIR subjects induced quite similar levels

TABLE 1 Characteristics of the study subjectsa

Parameter

Value for group

HD (n 5 22) EC (n 5 14) RC (n 5 13) HAART (n 5 19) VIR (n 5 25)

No. (%) of female subjects 9 (41) 8 (57) 5 (38) 8 (42) 10 (40)

Median age (yr) (interquartile range) 40 (35–50) 45 (40–48) 42 (33–44) 46 (40–49) 38 (30–44)

Median time from diagnosis (yr) (interquartile range) NA 18 (8–21) 9 (2–19) 13 (7–16) 2 (1–5)

No. (%) of naive patients NA 7 (50) 7 (54) 0 25 (100)

Median no. of CD41 cells/ml (interquartile range) NA 583 (408–938) 522 (397–741) 572 (355–706) 409 (235–520)

No. (%) of HCV1 PCR1 subjectsb NA 4 (29) 6 (46) 4 (21) 4 (16)

Median no. of HIV RNA copies/ml (interquartile range) NA ,40 201 (130–360) ,40 41,600 (15,534–65,000)

No. (%) of patients with risk

IDU 7 (50) 3 (23) 9 (47) 2 (8)

Sexual 5 (36) 10 (77) 9 (47) 15 (60)

Others 2 (14) 0 1 (5) 8 (32)
a NA, not applicable; IDU, injection drug use.
b Percentage of subjects with antibodies who were PCR positive for hepatitis C virus.
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of H9 T cell apoptosis. It should be noted that there was a tendency
for pDCs from EC to induce greater levels of annexin V-positive T
cells than those from VIR subjects (Fig. 3B). We also analyzed the
ability of pDCs to induce HIV-infected primary autologous CD41

T cell apoptosis in 8 healthy donors (Fig. 4). Both unstimulated
and CpG-stimulated pDCs induced HIV-infected autologous
CD41 T cell apoptosis.

Reduced response of pDCs from VIR subjects is associated
with CD4 expression. According to the results of suppression and
apoptosis assays, unstimulated pDCs from VIR subjects showed
low degrees of responses to HIV. We also showed by the addition
of CQ that the endocytosis pathway is needed for pDC activation.
HIV binding to the CD4 expressed by pDCs is essential to activate

the endocytosis pathway (7). Thus, we studied CD4 expression on
pDCs from HD, EC, and VIR subjects using 3D microscopy (Fig.
5). CD4 was homogeneously expressed on the cell surface of pDCs
from EC and HD subjects. In contrast, pDC from VIR subjects
showed low levels of membrane CD4. We also observed intracel-
lular CD4 expression in pDCs from VIR subjects, contrasting with
pDCs from HD or EC subjects. When pDCs from HD subjects
were exposed to HIVMN overnight, we observed the intracellular
expression of CD4, as we observed for pDCs from VIR subjects.
We also wanted to corroborate these results by flow cytometry; a
decrease in CD4 cell surface expression levels in pDCs from VIR
compared to HD subjects was observed (see Fig. S2 in the supple-
mental material). This finding suggests that continuous exposure

FIG 1 Quantification of peripheral pDCs and IFN-a production. (A and B) pDC quantification. Percentages (A) and absolute numbers (B) of pDCs (BDCA21

CD1231) from 22 healthy donors (HD), 14 elite controllers (EC), 13 relative controllers (RC), 19 HIV-treated patients (HAART), and 25 viremic subjects (VIR)
were determined. (C) IFN-a production measured in the supernatants of PBMC cultures, in the presence of a TLR-9 ligand (CpG ODN 2216), from 18 HD, 11
EC, 11 RC, 15 HAART, and 22 VIR subjects. The level of IFN-a production by PBMCs cultured in medium alone was in all the cases below the detection limits
(data not shown). (D) Correlation between numbers of peripheral pDCs and HIV RNA copies/ml (log10) in 11 EC, 11 RC, 15 HAART, and 22 VIR subjects. (E)
Correlation between numbers of peripheral pDCs and IFN-a produced by CpG-stimulated PBMCs from 18 HD, 11 EC, 11 RC, 15 HAART, and 22 VIR subjects.
P values were determined by using a Mann-Whitney U test. ns, not significant (a P value of ,0.05 was considered statistically significant); p, P , 0.05; pp, P ,

0.005.
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to HIV in VIR subjects is associated with the internalization of
CD4 in pDCs.

DISCUSSION

In the present study, we show the preserved frequency and func-
tionality of pDCs in relation with the capacity to control HIV
infection by EC. The decreased peripheral pDC count observed
for VIR subjects was described previously (29) and is possibly due
to the migration of these cells to lymph nodes (11, 13). We ob-
served that after successful HAART, the loss of pDC numbers in
the chronic phase of HIV infection seems not to be restored en-
tirely, similar to data from a previous study (3). We also observed
preserved IFN-a production in PBMCs from EC at even higher

levels than in PBMCs from HD subjects. Indirectly, we can assume
that this IFN-a production is due mainly to pDC stimulation.
Indeed, only pDCs and B lymphocytes express TLR-9 (8), and
only pDCs express 1,000 times more IFN-a than other cell types,
including B lymphocytes (31). This finding was supported by the
correlation observed between IFN-a production by PBMCs after
TLR-9 stimulation and pDC counts (r 5 0.464; P , 0,001). The
higher level of IFN-a production by PBMCs through TLR-9 stim-
ulation observed for EC may be due to the preserved pDC levels
and not to a better functionality of pDCs in these patients. In fact,
when isolated pDCs were stimulated with TLR-9, we observed
similar levels of IFN-a production in HD, EC, and VIR subjects
(Fig. 2B). However, when we analyzed IFN-a production by pu-

FIG 2 pDC-mediated suppression of HIV production in H9 T cells. Purified pDCs from 7 HD, 7 EC, and 8 VIR subjects were plated overnight at 5 3 104

pDCs/well with or without CpG and cocultured in the presence of HIV-infected T cells. After 5 days of coculture, amounts of p24 and IFN-a in the supernatants
were measured by an ELISA. (A and B) Effects of unstimulated (A) and CpG-stimulated (B) pDCs on HIV-infected T cell line virus production. The index of
suppression by pDCs is expressed as the difference of log HIV p24 production between the culture containing T cells alone and the coculture of T cells and pDCs
[index of suppression 5 log HIV p24 (T cells) 2 log HIV p24 (T cells 1 pDCs)]. (C and D) IFN-a production measured in the supernatants of the coculture. (E)
Implication of IFN-a in pDC-mediated viral suppression. IFN-a produced by pDCs was partially neutralized by the addition of an anti-IFN-a antibody. Data
are representative of 5 different experiments (pDCs from 3 HD and 2 EC subjects). (F) Blocking of endocytosis by the addition of CQ at 1 mM to wells of
CpG-stimulated pDCs. Data are representative of 7 different experiments (pDCs from 2 HD, 1 EC, and 4 VIR subjects). P values were determined by using a
Mann-Whitney U test. ns, not significant (a P value of ,0.05 was considered statistically significant); p, P , 0.05; pp, P , 0.005.
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rified pDCs after HIV stimulation, we observed comparable
amounts of IFN-a between HD and EC subjects and considerably
reduced amounts for VIR subjects. These results demonstrate a
preserved pDC response to HIV in EC.

On the other hand, when both HIV controller groups were
compared, despite the lower difference in viral loads, we showed
differences in pDC percentages and IFN-a production (P 5 0.076
and P 5 0.030, respectively) between them; these data demon-
strated how the presence of detectable viral loads, even at lower
levels, could affect peripheral pDC levels. Interestingly, when we

compared RC and HD subjects, despite the lower pDC levels,
PBMCs from RC subjects produced levels of IFN-a similar to
those produced by PBMCs from HD subjects. Thus, we can con-
clude that the preserved pDC numbers are associated with the
spontaneous control of HIV viremia.

We demonstrated a preserved capacity of pDCs from EC to
suppress viral production in H9 T cells. This result is in agreement
with data from a previous study (15), where a higher capacity to
suppress HIV replication in autologous CD41 T cells was found
for antiretroviral-naive low-viremic subjects (,12,500 HIV RNA

FIG 3 pDC-mediated H9 T cell apoptosis. Unstimulated (A) and CpG-stimulated (B) pDC-induced apoptosis was assessed on H9 T cells from the cocultures
of the suppression assays. The data represent data from 6 HD, 5 EC, and 6 VIR subjects. Left panels represent annexin V (A-V)-positive T cells, middle panels
represent Topro-III-positive T cells, and right panels represent annexin V-positive/Topro-III-positive T cells. P values were determined by using a Mann-
Whitney U test. A P value of ,0.05 was considered statistically significant.

FIG 4 pDC-mediated HIV-infected primary autologous CD41 T cell apoptosis. Isolated primary autologous CD41 T cells from 8 healthy donors were infected
for 6 days with HIV BaL. HIV-infected primary autologous CD41 T cells (aCD41 HIV1) were cultured in the presence of purified pDCs at a ratio of 1:2. After
24 h, annexin V-positive CD41 T cells (A) and Topro-III-positive CD41 T cells (B) were assayed by flow cytometry. Differences were analyzed by using a
Wilcoxon test. A P value of ,0.05 was considered statistically significant. ns, not statistically significant; p, P , 0.05.
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copies/ml) than for treated subjects and high-viremic subjects
($12,500 HIV RNA copies/ml). However, in our study, we used
the same target cells (H9 T cell line) to compare the suppressive
faculty of pDCs among the study groups. We demonstrated that
pDCs from EC subjects had the same capacity to reduce HIV
production as pDCs from HD subjects, whereas pDCs from VIR
subjects could scarcely respond. In contrast, when pDCs from all
groups were prestimulated with TLR-9, we observed the same
behavior for the three groups. These results agree with previous
data showing that CpG A- and HIV-stimulated pDCs are not re-
fractory to IFN-a production after restimulation (18). In this
work, we show that the magnitude of the response after continu-
ous HIV stimulation is higher in EC than in VIR subjects. This
result demonstrates that pDCs from VIR subjects are functional
but are not able to be efficiently stimulated by HIV and need to be
previously activated by an HIV-independent pathway to display
antiviral activity against HIV-infected T cells. This activity was
associated with the IFN-a produced by isolated pDCs. These re-
sults show that pDCs from EC have preserved functionality to
suppress HIV.

The great majority of in vitro studies on pDCs suggested that
IFN-a is the principal mechanism of viral suppression (4, 17). A
previous report demonstrated that the HIV stimulation of pDCs
induces a high level of production of IFN-a and a rapid expression
of TRAIL, transforming them into IFN-producing killer pDCs

(iKpDCs) (5). It was also shown previously that despite TRAIL
expression, pDCs could not induce the lysis of autologous CD41 T
cells (1). However, in the present work, when primary HIV-in-
fected autologous CD41 T cells were used as target cells, we also
observed apoptosis induced by both unstimulated and TLR-9-
stimulated pDCs. This discrepancy can be explained because we
investigated not lysis but apoptosis using early (annexin V) and
late (Topro-III) apoptosis markers, and autologous CD41 T cells
were productively infected and not only exposed to HIV; in addi-
tion, cocultures were maintained not for 6 h as in previous work
but overnight in the case of autologous CD41 T cells or for 5 days
in the case of H9 T cells. Thus, we demonstrated that besides
IFN-a, pDCs exert their antiviral effect by inducing T cell apop-
tosis. Indeed, when p241 T cell levels in the coculture were ana-
lyzed, we observed a reduction of p241 T cell percentages. This
effect was also observed when recombinant IFN-a was added to
H9 T cells. These observations suggest that the pDC-induced viral
reduction is due mostly to H9 T cell-induced apoptosis, which is
preserved in EC. This finding is in accordance with our results
showing that purified pDCs from EC and HD subjects produced
large amounts of IFN-a in response to HIV-1 particles produced
by the T cell line. In contrast, the level of IFN-a production by
pDCs from VIR subjects was very low and barely suppressed or
induced T cell apoptosis, confirming the fact that VIR subjects had
an impaired HIV-mediated activation of pDCs. Thus, in an at-

FIG 5 Microscopy analysis of CD4 distribution in pDCs. Shown is three-dimensional microscopy of the CD4 distribution in pDCs. pDCs from HD, EC, and VIR
subjects and HIV-activated pDCs from HD (HD1HIV) subjects were stained with anti-CD4 antibody (pink), anti-TLR-7 antibody (green), and DAPI (blue).
pDC stainings (green, pink, and blue) were merged and analyzed by 3D microscopy.
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tempt to understand why pDCs from VIR subjects were not able to
respond to the HIV stimulus, we analyzed CD4 receptor expres-
sion on pDCs, which is necessary for HIV binding to pDCs and the
subsequent activation of the endocytosis pathway by these cells (6,
7). The very low membrane CD4 expression level on pDCs from
VIR subjects could explain the lack of responses when they were
cultured in the presence of HIV. However, when pDCs from VIR
subjects where stimulated by a CD4-independent activator
(CpG), they responded similarly to those from HD or EC subjects.
These data also explain the similar behaviors of pDCs among
the different groups when a previous stimulation via a CD4-inde-
pendent pathway, such as the TLR-9 ligand CpG, was performed.

In conclusion, this study shows the qualitative and functional
involvement of pDCs in the spontaneous control of HIV viremia.
These findings highlight the important role of innate immunity in
HIV immunopathogenesis and could have important immuno-
therapeutic applications.
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SUMMARY. Whether HIV controllers, patients who sponta-

neously control HIV viraemia, are able to control hepatitis C

virus (HCV) infection, in terms of spontaneous clearance or

lower HCV replication, is not well understood. To assess to

what extent Caucasian HIV controllers are able to control

HCV replication and potential associated factors, plasma

HIV-1 and HCV RNA levels, anti-HCV antibodies, HCV

genotype and human leucocyte antigens (HLA) typing were

determined in samples from 75 HIV controllers (33 viraemic

controllers, <1000 HIV-1 RNA copies/mL, and 42 elite

controllers, <40 HIV-1 RNA copies/mL) and compared with

261 HIV-infected noncontrollers. We did not find differences

in the HCV spontaneous clearance rates between groups.

However, we interestingly found a lower HCV viral load in

HIV controllers, alongside a different distribution of HCV

genotypes in relation to the comparison group. In addition,

HLA-B57 was associated with a lower HCV viral load in the

control group and HIV controllers, and conversely, HLA-B35

with higher HCV viral load in HIV controllers. The subrep-

resentation of HCV genotype 1 and the overrepresentation of

HLA-B57 only partly explained the lower HCV viral load

found in HIV controllers. In fact, HIV controller status was

independently associated with lower HCV viral load,

together with HCV genotype non-1, the presence of HLA-

B57 and absence of HLA-B35. Caucasian HIV controllers are

able to better control HCV replication, in terms of lower HCV

viral load levels. These findings support the idea that some

common host mechanisms are involved in the defence

against these two persistent infections.

Keywords: elite controllers, hepatitis C virus, HIV, HIV

controllers.

INTRODUCTION

In HIV infection, there is a rare group of patients (1–5%) who

are able to maintain very low levels of plasma viraemia over

long periods of time in the absence of antiretroviral treatment.

These patients are knownasHIV controllers (normally<1000

HIV-1 RNA copies/mL) or elite controllers for those who

maintain plasma viraemia below the detection limits [1]. The

mechanisms involved in this outstanding phenotype are not

well understood at the moment. The overrepresentation of

different human leucocyte antigens (HLAs) such as HLA-B57

and the associated cytotoxic T-lymphocyte (CTL) response

seems to be a relevant mechanism associated with the natural

control of HIV replication [2]. However, important questions

remain open concerning the extraordinary immunity of these

patients. One important aspect is to know whether HIV con-

trollers are able to control other persistent infections in the

same way that they do HIV. Hepatitis C virus (HCV) is of

particular interest, whose natural history is accelerated in

HIV-co-infected patients [3]. Recently, an increase in the

spontaneous clearance of HCV in a cohort of African-Ameri-

can HIV controllers infected with HCV genotype 1 has been

reported [4]. The aim of the current work was to analyse

whether Caucasian HIV controllers were able to control HCV

infection in terms of spontaneous clearance and/or HCV viral

load levels and whether this fact was associated with different

HLAs and the distribution of HCV genotypes.

PATIENTS AND METHODS

Patients

HIV controllers included in this study came from different

cohorts of Spanish HIV-infected patients: the HIV-infected

Abbreviations: CTL, cytotoxic T-lymphocyte; FIPSE, fundacion para

la Investigacion y Prevencion del SIDA en España; HCV, hepatitis C

virus; HLA, human leucocyte antigens; LTNP, long-term nonpro-

gressors.
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patients cohort (CoRIS) and HIV Biobank of the Spanish AIDS

Research Network (RIS), as well as the HIV-infected patient

cohorts of the Infectious Diseases Service at the Hospitals of

Universitario Virgen del Rocio (Seville), Comarcal de Don

Benito (Badajoz) and Navarra (Pamplona). Samples from

patients were kindly provided by the HIV BioBank integrated

within the Spanish AIDS Research Network (RIS). Blood

samples were processed following standard procedures and

frozen immediately after their reception. All patients partici-

pating in the study gave their informed consent, and protocols

were approved by institutional ethical committees.

HIV controllers were defined as established by the Inter-

national HIV Controller Consortium but with the following

modifications [2]; these were subjects with positive antibodies

for HIV-1, plasma viral load measurement <1000 HIV-1

RNA copies/mL in the absence of antiretroviral therapy

(ART) for at least 12 months and with at least three plasma

viral load determinations during this period of time. Seventy-

five subjects that fulfilled these criteria were included in the

present study. HIV-2-infected patients were excluded. HIV

controllers were divided in two subsets: (i) ÔHIV–elite con-

trollersÕwere patients were able to maintain plasma viral load

below the limit of detection, <40 HIV-1 RNA copies/mL

(isolated viral rebounds ÔblipsÕ <1000 HIV-RNA copies/mL

were allowed) (n = 42) and (ii) ÔHIV–viraemic controllersÕ,

patients who maintained plasma viral load between 40 and

1000 HIV RNA copies/mL (n = 33). ÔLoss of HIV controlÕwas

considered when two consecutive viral load measurements

were >40HIV-1 RNA copies/mL for HIV–elite controllers and

>1000 HIV-RNA copies/mL for HIV–viraemic controllers.

Clinical and demographic characteristics of HIV control-

lers were compared with a group of 261 HIV-1-infected

patients from our cohort (Hospital Universitario Virgen del

Rocio) who consecutively visited our Unit until the study

was censored, from now on refer to as the Ôcomparison

groupÕ. HIV controllers and HIV-2-infected patients were

excluded from this comparison group. Patients were

asymptomatic and in the chronic phase of HIV or HIV/HCV

infection, at the time of the study.

METHODS

Quantification of plasma viraemia

Plasma HIV-1 RNA was measured in fresh samples by a

quantitative RT-PCR (COBAS Ampliprep/COBAS Taqman

HIV-1 test; Roche molecular systems, Basel, Switzerland)

according to the manufacturerÕs instructions. The detection

limit was 40 HIV-1 RNA copies/mL. Plasma samples were

tested for anti-HCV antibodies using HCV-ELISA (Siemens

Healthcare Diagnosis, Deerfield, IL, USA). HCV genotype was

determined using a reverse-hybridization assay (InnoLiPA

HCV II; Innogenetics, Barcelona, Spain). A quantitative RT-

PCR amplification was performed for plasma HCV RNA

amplification (COBAS Amplicor; Roche Diagnosis, Barcelona,

Spain) with a detection limit of 15 IU/mL. Patients with po-

sitive antibodies for HCV and negative PCR for plasma HCV

RNA levels in the absence of previous HCV-specific treatment

were considered to have spontaneous clearance of HCV

infection. In the case of several HCV-RNA determinations

available during follow-up, the last determination was con-

sidered. In the case of HCV-specific treatment, the HCV-RNA

determination just before the start of treatment with either

pegylated interferon and ribavirin or alpha interferons alone

was taken. Besides, for HIV controllers who lost control of

HIV viraemia during follow-up, HCV-RNA determinations

were considered only during the HIV control period.

HLA typing

HLA-B* alleles were genotyped using a reverse stripdot-blot

kit with sequence-specific oligonucleotide probes (Dynal

RELIä SSO HLA-A and HLA-B typing kits; Dynal Biotech,

Bromborough, UK) following the manufacturerÕs instruc-

tions.

Statistical analysis

Statistical analyses were performed using the Statistical

Package for the Social Sciences software (SPSS 17.0,

Chicago, IL, USA) using nonparametric statistical tests in all

cases. Median and interquartile ranges were used to describe

continuous variables and percentage for categorical ones.

Spearman test was used to analyse correlation between

continuous variables. Differences between groups were

analysed with the Kruskal–Wallis, Mann–Whitney U-test,

chi-square test or FisherÕs exact test when appropriate. All

the differences between groups with a P < 0.05 were con-

sidered statistically significant. To analyse the independent

factors associated with HCV viral load, a multivariate linear

regression analysis was assessed. Variables showing a

P value <0.05 were considered statistically significant.

RESULTS

The characteristics of the patients are summarized in

Table 1. A total of 75 HIV controllers, of whom 42 were elite

controllers, were recruited. It is important to mention that

there was a twofold higher proportion of women in the HIV

controller groups compared to the comparison group. In this

group, naı̈ve patients (14.6%) had a median viral load of 4.8

[4.1–5.3] log HIV-1 RNA copies/mL. Sixty per cent of the

patients on treatment had undetectable viral load, and the

rest of the treated patients had a median viral load of 3.41

[2.8–4.3] log HIV-1 RNA copies/mL.

Low plasma HCV load in HIV controllers

Owing to the high proportion of HCV infection in HIV con-

trollers, we analysed whether HIV controllers were able to
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control HCV infection in terms of spontaneous clearance.

Conversely, the proportion of HCV spontaneous clearance

was not statistically different to the comparison group

(Table 1). However, when HCV load was also quantified, a

lower HCV load was found in HIV controllers in relation to

the comparison group, with a decrease of 0.7 log HCV IU/

mL in elite controllers (Fig. 1 and Table 1). This result was

similar when viraemic and elite controllers were grouped

together, although the difference decreased to 0.5 log

HCV IU/mL (Fig. 1 and Table 1).

We also observed that some elite controllers lost the

capability to control the virus during follow-up. We won-

dered whether this fact could be associated with plasma HCV

RNA levels. A tendency to have higher HCV load in elite

controllers who thereafter lost the capacity to control HIV

was found (Fig. S1).

Additionally, it was found that HCV PCR+ HIV controllers

had lower CD4+ T-cell levels than HCV PCR– HIV control-

lers (P = 0.022, Mann–Whitney U-test). Although this

tendency was repeated in the elite controllers, statistical

significance was not reached (P = 0.131, Mann–Whitney

U-test). However, these differences were not observed in the

comparison group (data not shown).

Unusual distribution of HCV genotypes in HIV controllers

HIV controllers showed lower prevalence of HCV genotype 1,

and reciprocally, the proportion of HCV genotype 3

increased when compared to the general HIV population. No

differences were found in the distribution of genotype 4

(Table 1).

HLA-B57 and HLA-B35 are associated with HCV load

levels in an opposite way

All the HLA-B alleles present in the study subjects were

analysed and only HLA-B57+/) and HLA-B35+/) subjects

correlated with HCV load levels. HLA-B57 was associated

with lower HCV load levels in all the study subjects

(Fig. 2a). This was true for the comparison group

Table 1. Characteristics of the patients

Comparison group

(n = 261)

Elite controllers*

(n = 42)

HIV controllers 

(n = 75) P* P 

Female sex (%) 52/261 (20.0) 17/42 (40.5) 32/75 (42.7) 0.005 <0.0001

Caucasian race (%) 258/261 (99.0) 41/42 (97.6) 73/75 (97.3) 0.451 0.310

Age (years) 43.0 [38.3–47.1] 43.0 [39.0–46.3] 43.0 [38.0–46.0] 0.926 0.211

Time since diagnosis

(years)

12.1 [5.1–16.8] 15.1 [6.0–20.8] 13.9 [5.0–20.1] 0.004 0.033

CD4+ T-cells/mm3à 428.5 [247.8–594.3] 649.3 [442.8–1028.0] 664.0 [444.0–915.0] <0.0001 <0.0001

Naı̈ve for ART§ 38/261 (14.6) 31/42 (73.8) 52/75 (69.3) <0.0001 <0.0001

Clinical stage C (%) 63/213 (29.6) 2/40 (5.0) 3/60 (5.0) 0.007 <0.0001

Risk group (%)

IDU– 120/261 (46.0) 27/42 (64.3) 41/75 (54.7) 0.031 0.192

Sexual 131/261 (50.2) 13/42 (31.0) 32/75 (42.7) 0.030 0.295

Anti-HCV+ (%) 134/261 (51.3) 32/42 (76.2) 50/75 (66.7) 0.003 0.019

HCV RNA+ (%)** 95/134 (71.0) 22/29 (75.9) 35/47 (74.5) 0.656 0.709

HCV clearance with

HCV treatment

17/134 (12.7) 1/29 (3.4) 3/47 (6.4) 0.485 0.584

Spontaneous HCV

clearance

22/134 (16.4) 6/29 (20.7) 9/47 (19.1) 0.581 0.670

Log HCV RNA (IU/mL) 6.4 [5.7–6.9] 5.7 [4.8–6.5] 5.9 [5.0–6.6] 0.005 0.007

HCV genotypes  

Genotype 1 56/96 (58.3) 8/23 (34.8) 15/36 (41.7) 0.061 0.117

Genotype 3 17/96 (17.7) 10/23 (43.5) 15/36 (41.7) 0.013 0.006

Genotype 4 22/96 (22.9) 4/23 (17.4) 5/36 (13.9) 0.780 0.335

HLA-B57+ (%) 6/83 (7.2) 6/31 (19.4) 8/40 (23.3) 0.085 0.065

HLA-B35+ (%)àà 12/83 (14.5) 5/31 (16.1) 8/40 (20.0) 1.000 0.448

*Elite controllers vs comparison group;  HIV controllers (elite plus viraemic) vs comparison group. Mann–Whitney U-test was

used; àLast determination; §Antiretroviral treatment; –Injecting drug user; **Not available in three patients in the elite and

HIV controller groups;   HCV genotype determination available for those HCV RNA +, including patients with HCV clearance

on HCV treatment, where HCV genotype was assayed before the start of HCV-specific treatment; ààHLA typing was assayed in

patients where DNA samples were available. P values depicted in bold for significant variables.
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(a 0.6 log IU/mL decrease) (Fig. 2b). In HIV controllers,

where this allele is overrepresented (Table 1), these results

were reproduced and HCV load levels were even lower,

with a 1.34 log IU/mL decrease (Fig. 2b). Besides, we found

that HLA-B57+ subjects had a 3.6-fold increase in the

proportion of spontaneous clearance of HCV in HIV con-

trollers (43% in HLA-B57+ vs 12% in HLA-B57) subjects,

P = 0.101, chi-square test).

On the other hand, HLA-B35 has been traditionally

associated with disease progression in HIV infection [5].

However, the association of HLA-B35 with HCV is not clear.

In the light of the results with HLA-B57, we also wondered

whether HLA-B35 was reciprocally associated with higher

levels of HCV. We found that HLA-B35+ HIV controllers had

higher HCV load than patients negative for this allele

(Fig. 3a). An additional interesting finding with HLA-B35

was based on the association of HLA-B35 with HIV disease

progression [5]. This idea prompted us to analyse whether

HLA-B35+ was associated with the loss of the capability to

control HIV in controllers. The proportion of HLA-B35+ HIV

controllers who lost the capacity to control HIV viraemia

was higher than the proportion of HLA-B35+ HIV control-

lers who persistently controlled the virus (Fig. 3b). This loss

of control was assumed when both elite controllers became

viraemic controllers and viraemic controllers became non-

controllers. When loss of HIV control was only considered

for elite controllers (from elite controllers to viraemic con-

trollers), this tendency was also maintained (43% of HLA-

B35+ subjects lost control compared to 8.3% of HLA-B35+

elite controllers with persistent control, P = 0.062, FisherÕs

exact test).

Elite controller status, HCV genotypes, HLA-B57 and

HLA-B35 are independently associated with HCV load

levels

Multiple linear regression analysis was performed to pinpoint

which variables were independently associated with HCV

Fig. 2 Influence of HLA-B57 on HCV

viral load. HLA typing and HCV load

were available in 54 patients in the

comparison group and in 25 patients in

the HIV controllers group. (a) HLA-

B57+ patients showed lower levels of

HCV load than HLA-B57) patients.

(b) This was true for both patients in

the comparison and HIV controller

groups. Mann–Whitney U-test was

used. Values represent median and in-

terquartile ranges.

Fig. 1 Influence of HIV controller status on HCV load. HCV

viral was available in 81 patients in the comparison group,

34 patients in the HIV controller group and in 21 patients

in the elite controllers group. HIV controllers, including the

subgroup of elite controllers, showed lower levels of HCV

load than the comparison group. Values represent median

and interquartile ranges.
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load. Variables included in the model were elite controller

status, HCV genotype 1, HLA-B57, HLA-B35, CD4+ T-cell

counts, time since diagnosis, sex and naı̈ve for antiretroviral

treatment. This analysis showed that when we controlled for

the above potential confounders, the variables elite control-

ler status, the absence of genotype 1 and HLA-B35 and the

presence of HLA-B57 were independently associated with

lower HCV load (n = 63, R2 = 0.476, Table 2). This analy-

sis showed no colinearity among variables which means that

each one exerts an additive effect in lowering HCV load.

DISCUSSION

Results presented herein show how Caucasian HIV control-

lers exhibited better control of HCV replication, measured as

plasma HCV loads, when compared with a comparison

group. Furthermore, they presented a different distribution

of HCV genotypes with an overrepresentation of genotype 3.

Genetic determinants, associated with HIV progression, were

also associated with HCV loads. These findings support the

idea that some common host mechanisms are involved in

the defence against these two persistent infections.

The absence of differences in the proportion of spontane-

ous HCV clearance between the comparison group and HIV

controllers agrees with previous work that showed how

different immune mechanisms are operating against HIV,

cytomegalovirus and HCV, at least in relation to CTL

responses [6]. However, we found that HIV controllers had

lower levels of HCV loads. Hence, both persistent infections

should share common control mechanisms although at a

different level. On the other hand, the association between

loss of HIV control and higher levels of HCV load can be

related, although in a different scenario, with previous

observations that showed increased disease progression in

HIV–HCV-co-infected patients with higher viral load [7].

The clinical implications of this lower HCV load in the

response to HCV-specific treatment and the natural history

of HCV in HIV controllers are unknown at the moment,

although recently no differences in liver histology between

HIV controllers and non-HIV controllers with chronic HCV

infection were reported [4]. In this same work, significantly

lower CD4 cell counts in HIV controllers without chronic

HCV infection compared to HIV controllers with chronic

HCV infection were found. These data are in line with those

presented in the current work.

In this study, another peculiarity of the HIV controller

cohort was the different distribution of HCV genotypes

compared to the general HIV-infected population. The

reasons for this different distribution are unknown at the

moment. One possible explanation could be related to the

different distribution of specific HLAs in elite controllers. In

this sense, a variable influence of HLA on various genotypes

has been reported [8]. We can also hypothesize that the

presence of genotype 1 would favour the loss of HIV control,

and hence, this genotype could be underrepresented in the

HIV controller group. This idea could be supported, although

at a different level, by the higher progression rate in

Fig. 3 Influence of HLA-B35 on HCV load and loss of HIV control. HLA typing was available in 40 patients and both, HLA

typing and HCV load were available in 25 patients in the HIV controllers groups. (a) HLA-B35+ HIV controllers showed

higher levels of HCV load than HLA-B35- patients. Mann–Whitney U-test was used. Values represent median and inter-

quartile ranges. (b) There was an overrepresentation of HLA-B35+ patients who lost HIV control. FisherÕs exact test was used.

Table 2 Results of the multivariate analyses

P B (95% CI)*

Constant

(Log HCV load) 

6.0 (5.6, 6.2)

Elite controller

status

<0.0001 )0.577 ()0.973, )0.180)

HCV Genotype 1 0.005 0.690 (0.336, 1.044)

HLA-B57 0.024 )0.625 ()1.164, )0.087)

HLA-B35 0.025 0.570 (0.073, 1.066)

CD4+ T-cells/mm3 0.654 <0.001 ()0.001, 0.001)

Time since diagnosis 0.494 0.012 ()0.023, 0.047)

Female sex 0.680 0.098 ()0.375, 0.570)

Naı̈ve for ART 0.401 0.298 ()0.408, 1.003)

Multivariate linear regression analysis, P values depicted in

bold for significant variables; *B, Regression coefficient,

changes in the estimation of the mean of the Log HCV load

(constant) when the rest of the variables do not change. CI,

confidence interval; ART, antiretroviral treatment;  Depen-

dent variable expressed as estimation of the mean.
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HIV-co-infected people with HCV genotype 1 found in some

studies [9,10].

The lower HCV loads found in HLA-B57+ subjects point

once again to some common immunogenetic host mecha-

nisms involved in the defence against these two viruses. It

has been widely documented that the HLA-B57 is overrep-

resented in HIV controllers [11]. The reasons why this host

genetic factor has been associated with HIV control are

beginning to be understood [12]. Recent studies point to the

presence of a strong CTL response and a viral fitness cost to

the virus that arises from HLA-B57 escape mutations [13].

This process could also take place in HCV infection and

might be associated with a common immunological cellular

mechanism such as efficient elimination of infected cells by

HLA-B57-restricted CTLs recognizing distinct epitopes from

HIV or HCV. Studies relating HLA-B57 with HCV are scarce,

and an association has only been found between the pres-

ence of HLA-B57 and the spontaneous clearance of HCV

[14–16]. This agrees with our results, although the contrast

was not statistically significant because of the difficulty in

finding a high number of patients who were HIV controllers,

HLA-B57+ and exposed to HCV.

Following this reasoning, we found the opposite effect

with HLA-B35, i.e. higher HCV loads in HLA-B35+ HIV

controllers. In relation to this observation, HLA-Cw04 has

been shown to be associated with HCV persistence and this

allele was in strong linkage disequilibrium with HLA-B53

and HLA-B35. However, only HLAB-53 and the Cw04-B-53

haplotype were weakly associated with viral persistence

[15]. This finding again shows how a genetic factor associ-

ated with progression in HIV infection shares features with

HCV infection, at least in relation to HCV loads. Apart from

this, the additional observation of the association between

the presence of HLA-B35 with the loss of HIV control is in

agreement, although in a different scenario, with the disease

progression in HIV infection [5]. Apart from these HLAs,

other genetic factors, such as IL28B polymorphism, which

has been shown to be associated with HCV clearance,

genotypes and response to treatment, should be explored to

define their association with the lower HCV loads seen in

Caucasian HIV controllers [17–20].

A limitation of this work is the low number of HLA-typed

patients, and another inherent limitation of this work is its

cross-sectional nature. In this sense, studies have shown loss

of control and/or HCV re-infection when patients were fol-

lowed longitudinally particularly in HIV-co-infected patients

[21,22]. However, we have to assume that the re-infection

frequency in these patients is anecdotal because they have

abandoned injecting drug use and HCV re-infection by sex-

ual transmission is rare.

Different variables as CD4+ T-cell counts [23], sex [24,25]

and even the influence of antiretroviral therapy [26] have

been associated with HCV load. These variables were sta-

tistically different between the comparison group and the

HIV controller groups, the same happened with the time

since diagnosis. To avoid potential confounders, all these

variables were controlled for by their introduction in a

multivariate model together with elite controller status, HCV

genotype 1, HLA-B57 and HLA-B35. Only elite controller

status, the absence of HCV genotype 1 and HLA-B35, and

the presence of HLA-B57 were independently associated

with the lower HCV load. The reason why elite controller

status per se is independently associated with lower HCV load

is not yet clear. One limitation of the present study is that we

do not provide experimental data to answer this question.

However, we can hypothesize, based on observations in

long-term nonprogressors (LTNP), how common immuno-

logical control mechanisms against these two persistent

viruses could explain the lower HCV load found in HIV

controllers. In fact, a strong HCV Th1 cell response with

higher HCV peptide recognition has been found in LTNP

when compared to progressors [27,28].

In a recent study, Sajadi et al. [4] have shown an

increased rate of HCV spontaneous clearance in Ônatural

viral suppressorsÕ (<400 HIV-RNA copies/mL), when com-

pared to HCV–HIV-co-infected and HCV-mono-infected

control groups. In that study, the cohort was entirely com-

posed of African-Americans. This fact could explain the

discrepant results found in our cohort composed mainly of

Caucasians. Another difference is that variations in HCV

load between HIV controllers and reference groups were not

found. This could be explained, apart from the race differ-

ences, by most of the subjects being HCV genotype 1

(approximately 90%) and, as we have shown, HCV genotype

is associated with HCV load. In this regard, it is important to

mention that HIV controllers from the Sajadi cohort had

almost fourfold higher HCV load than elite controllers from

our cohort owing to the prevalence of genotype 1. Although

in this previous work genetic factors were not analysed, our

findings underlined how different race groups of HIV con-

trollers with different genetic and immunological back-

grounds can influence HCV load levels.

In summary, the results presented herein show how

Caucasian HIV controllers exhibit better control of HCV

replication when compared with a comparison group. This is

associated with a different distribution of HCV genotypes,

absence of HLA-B35 and the overrepresentation of HLA-

B57. Additional immunological mechanisms should be

explored to explain how HIV controller status influences

partial HCV control to design future therapeutic strategies

against both infections.
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The single-nucleotide polymorphism (SNP) rs12979860

near the IL28B gene has been associated with the spontane-

ous clearance of hepatitis C virus. We sought to determine

whether this SNP could be associated with the spontaneous

control of human immunodeficiency virus (HIV) infection.

We studied the prevalence of the IL28B CC genotype

among 53 white HIV controllers, compared with the preva-

lence among 389 HIV-infected noncontrollers. We found

that the IL28B CC genotype was independently associated

with spontaneous HIV control (odds ratio [OR], 2.669;

P = .017), as were female sex (OR, 7.077; P≤ .001) and the

presence of HLA-B57 and/or B27 (OR, 3.080; P = .017).

This result supports the idea that common host mecha-

nisms are involved in the spontaneous control of these 2

chronic infections.

Keywords. HIV controllers; IL28B, and SNP.

The spontaneous control of human immunodeficiency virus

(HIV) infection is observed in a rare group of individuals who

have become known as HIV controllers. These individuals are

able to maintain undetectable or very low viral loads in the

absence of antiretroviral treatment over a long period [1].

Several genetics factors have been associated with this control,

including the overrepresentation of different HLA antigens,

such as HLA-B57 [1]. Curiously, the presence of HLA-B57 has

also been related to the spontaneous clearance of hepatitis C

virus (HCV) infection [2], suggesting shared mechanisms of

viral control for both infections. We have previously reported

the ability of white HIV controllers to maintain lower HCV

loads than other noncontroller HIV-infected subjects, as well

as an association of HLA-B57 with lower HCV levels in HIV

controllers [3]. Recently, a single nucleotide polymorphism

(SNP) near the IL28B gene, which codes for interferon λ3

(IFN-λ3), has been associated with the spontaneous clearance

of HCV [4] and with sustained virological response (SVR)

after HCV-specific treatment [5]. Although it is still unknown

how this SNP affects the antiviral activity of IFN-λ, several

studies have demonstrated the antiviral activity of IFN-λ

against different viruses, including HIV [6]. However, no asso-

ciation was found between these protective alleles and sponta-

neous HIV control in African American individuals [7, 8]. We

wondered whether this IL28B SNP would be overrepresented

in white HIV controllers, and, thus, our aim was to analyze

the association of the IL28B SNP with the spontaneous

control of HIV infection.

METHODS

All patients included in this study came from Spain and were

white. The HIV controllers included in this study came from

the HIV-infected patient cohort of the Infectious Diseases

Service of Virgen Del Rocío University Hospital (Seville) and

from a National Multicenter Cohort from the HIV Controllers

Consortium of the AIDS Spanish Network (some of these sub-

jects came from HIV-Infected Long-Term Nonprogressors

Cohort and the prospective HIV-Infected Patients Cohort,

both from the AIDS Spanish Network). The sample included

53 HIV controllers, defined as subjects who tested positive for

antibodies against HIV had a plasma HIV-1 load of <1000

HIV-1 RNA copies/mL in the absence of antiretroviral

therapy (ART) for at least 12 months, and had at least 3

plasma HIV-1 load determinations during this period. Thirty-

four of these HIV controllers were naive to ART; the remain-

ing 19 patients had received ART, with a median interval of

4.42 years (range, 2.76–7.83 years) between their most-recent

use of ART and enrollment in the study. The HIV controllers
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were compared with 389 HIV-infected noncontrollers from

our cohort who consecutively visited our unit (Virgen Del

Rocío University Hospital, Seville) until the study was com-

pleted. These patients had had a confirmed plasma HIV-1

load of >1000 HIV-1 RNA copies/mL at ≥2 follow-up visit

since entrance into the cohort. HIV type 2–infected subjects

were excluded. We also studied in a prospective manner 61

HIV-infected noncontrollers who had data available on the

primary infection. The time of HIV-1 infection was estimated

as the midpoint between the last negative and the first positive

HIV antibody test result, with maximum periods of 12

months between the HIV antibody tests and 15 days before

onset of acute retroviral symptoms. The virus set point was

defined as the median of at least 2 HIV-1 load determinations

between months 3 and 6 after the estimated date of infection.

All of these patients were asymptomatic at the time of the

study. Samples were kindly provided by the HIV Biobank in-

tegrated within the Spanish AIDS Research Network. All of

the patients participating in the study gave their informed

consent, and the protocols were approved by the institutional

ethics committees.

Routinely, the absolute numbers of CD4+ and CD8+ T cells

were assayed from fresh whole blood samples, using the Epics

XL-MCL flow cytometer (Beckman Coulter). Plasma HIV

RNA load was measured in fresh samples by quantitative po-

lymerase chain reaction (PCR; COBAS Ampliprep/COBAS

Taqman HIV test; Roche molecular systems), according to the

manufacturer’s instructions. The detection limit was 40 HIV

RNA copies/mL. Quantitative reverse transcription PCR was

performed for plasma HCV RNA amplification (COBAS Am-

plicor; Roche Diagnosis, Barcelona, Spain), with a detection

limit of 15 IU/mL. HCV genotype was determined using a

reverse-hybridization assay (InnoLIPA HCV II; Innogenetics,

Barcelona, Spain).

The HLA-B group alleles were genotyped using a reverse

sequence-specific oligonucleotide bound to a fluorescently

coded microsphere system (LABType SSO, RSSO1B, One

Lambda, Canoga Park, CA), following the manufacturer’s

instructions. The genotyping of the IL28B SNP rs12979860

was performed as previously described [9], using a TaqMan

5′ allelic discrimination assay (Applied Biosystems, Foster

City, CA).

The statistical analyses were performed using SPSS software,

version 18.0 (SPSS, Chicago, IL). Median and interquartile

ranges were used to describe continuous variables and per-

centages to describe categorical variables. To analyze the asso-

ciation of the IL28B SNP with spontaneous HIV control, in

the multivariate analysis, HIV controller status was the depen-

dent variable, and only innate host parameters (ie, sex, HLA-

B57 and HLA-B27 alleles, and IL28B CC genotype) were

included. All of the differences between the groups in the

bivariate and multivariate logistic regression analysis with a

P value of < .05 were considered statistically significant. The

studied population was in Hardy-Weinberg equilibrium in

relation to the IL28B CC genotype (P > .05)

RESULTS

The characteristics of the study subjects are summarized in

Table 1. Some of these subjects were included in our previous

studies [3, 10]. The frequency of women was significantly

greater among HIV controllers, compared with noncontrollers.

As expected, having one of the protective alleles (HLA-B57 and/

or HLA-B27) was overrepresented in the HIV controllers (odds

ratio [OR], 2.631; 95% confidence interval [CI], 1.151–6.015;

P = .022). The HIV controllers showed lower rates of previous

AIDS, compared with noncontrollers (8.8% vs 28.9%).

In relation to HCV coinfection, the spontaneous clearance

rates were similar in both study groups, and the HIV control-

lers displayed a tendency to maintain lower levels of HCV as

compared to noncontrollers. As we previously described [3],

HCV genotype 3 was overrepresented among HIV controllers

as compared to noncontrollers (46.4% vs 20.2%; OR, 3.792;

95% CI, 1.473–9.763; P = .006). The association of the IL28B CC

genotype with spontaneous clearance of HCV, as previously

reported [4], was also observed in our study when all patients

were analyzed together (OR, 4.316; 95% CI, 1.723–10.575;

P = .002). However, this association was not observed in the

HIV controllers, most likely because of the HCV genotype

heterogeneity observed in this group.

Interestingly, the IL28B CC genotype was associated with

spontaneous HIV control (OR, 2.018; 95% CI, 1.118–3.641;

P = .020). There was an overrepresentation of the IL28B CC ge-

notype among HIV controllers, compared with noncontrollers

(62.3% vs 45.0%). In a multivariate statistical analysis that used

HIV controller status as the dependent variable and adjusted

for sex, HLA-B57 and/or HLA-B27 positivity, and IL28B CC

genotype, the IL28B SNP was still independently associated

with the spontaneous control of HIV in white HIV controllers

(Table 2). However, when HCV-related parameters (ie, log

HCV RNA load and HCV genotype) were included in the mul-

tivariate statistical analysis, only the IL28B CC SNP (OR,

4.222; 95% CI, 1.360–13.109; P = .013) and female sex (OR,

10.977; 95% CI, 3.261–36.944; P < .001) remained indepen-

dently associated with spontaneous HIV control, showing that

this association was not mediated by HCV coinfection. We

also sought to determine whether the IL28B CC genotype was

related to a lower viral load set point in primary HIV infection.

Therefore, we analyzed the prevalence of the IL28B CC geno-

type among 61 noncontrollers who had available data on

primary HIV infection. We compared the median of HIV load

set points within the first 12 months since primary infection

between subjects with IL28B CC and subjects with IL28B
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CT/TT, and we did not observe significant differences between

the groups (Supplementary Figure 1).

DISCUSSION

In this study, we demonstrate that the IL28B CC genotype is

independently associated with spontaneous HIV control in

white individuals. This finding adds to the suggestion of

common shared mechanisms involved in the control of 2 persis-

tent infections, HIV infection and HCV infection. In fact, we

and others have shown how HIV controllers can control HCV

infection in terms of lower HCV loads [3] and higher rates of

spontaneous clearance [7], compared with non–HIV controllers.

The interest in the SNP in IL28B arose from its association

with the control of HCV infection [4, 5]. However, this study

is the first to show that this SNP is independently related to

the control of HIV infection. Interestingly, previous work

showed that the IL28B SNP was not associated with spontane-

ous HIV control in African American individuals [7, 8]. Racial

differences may explain the discordant results found by the

present work in white subjects. Examples of racial differences

and associations with HIV disease outcome have been previ-

ously shown for SNPs in natural killer cell–related genes,

where the association between these SNPs and HIV

Table 1. Characteristics of Controllers and Noncontrollers of Human Immunodeficiency Virus (HIV) Infection

Characteristic HIV Controllers (n = 53) HIV Noncontrollers (n = 389) P OR (95% CI)

Female sex 23 (43.4) 60 (15.4) <.001 4.204 (2.287–7.729)

Elite controllers 34 (64.2) NA NA NA

White 53 (100) 389 (100) NA NA

Age, y 43.0 (39.0–46.0) 41.0 (35.0–46.2) .305 1.016 (.985–1.049)

Time since HIV diagnosis, y 15.4 (8.0–20.5) 8.1 (2.0–15.4) <.001 1.108 (1.059–1.160)

CD4+ T-cell count, cells/μL 642.0 (462.5–937.5) 415 (239.0–582.0) <.001 1.003 (1.002–1.004)

CD8+ T-cell count, cells/μL 726.0 (569.3–1100.0) 747.5 (523.3–1032.8) .464 1.000 (1.000–1.001)

Previous AIDS 3/34 (8.8) 109/385 (28.3) .022 0.245 (.073–.818)

Injection drug use 31 (58.5) 143 (36.9) .004 2.424 (1.352–4.347)

Anti-HCV detected 37 (69.8) 158/388 (40.7) <.001 3.366 (1.810–6.260)

HCV RNA detecteda 24/36 (66.7) 107/151 (70.9) .622 0.822 (.378–1.788)

HCV spontaneous clearanceb 7/36 (19.4) 22/151 (14.6) .469 1.415 (.552–3.627)

HCV RNA load, log IU/mL 5.88 (5.0–6.5) 6.2 (5.6–6.8) .058 0.636 (.398–1.016)

HCV genotype detectedc .019d

1 10/28 (35.7) 70/119 (58.8)

3 13/28 (46.4) 24/119 (20.2) .006 3.792 (1.473–9.763)

4 5/28 (17.9) 25/119 (21.0) .572 1.400 (.436–4.496)

IL28B rs12979860

CC 33 (62.3) 175 (45.0) .020 2.018 (1.118–3.641)

CT 18 (34.0) 180 (46.3) .093 0.597 (.327–1.091)

TT 2 (3.8) 34 (8.7) .229 0.409 (.095–1.756)

HLA-B57 and/or HLA-B27 detectede 13/ 41 (31.7) 18/120 (15.0) .022 2.631 (1.151–6.015)

HLA B27 detected 6/ 41 (14.6) 7/120 (5.8) .084 2.767 (.872–8.779)

HLA B57 detected 8/ 41 (19.5) 11/121 (9.1) .080 2.424 (.901–6.526)

Qualitative data are no. (%) of individuals, and quantitative data are median (interquartile range).

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; OR, odds ratio; NA, not applicable.
a Data were not available for 1 HIV controller and 7 noncontrollers.
b Refers to the subjects who cleared HCV infection without HCV-specific treatment. The remaining subjects (5 HIV controllers and 22 noncontrollers) showed a

sustained virological response to HCV treatment.
c Data are for HCV RNA–positive patients, including those with HCV clearance on receipt of HCV treatment, for whom the HCV genotype was determined before

the start of HCV-specific treatment.
d Associated with the specified HCV genotypes.
e HLA typing was performed for patients with an available DNA sample.

Table 2. Association Between IL28B rs12979860 CC and Sponta-

neous Control of Human Immunodeficiency Virus (HIV) Infection

Characteristic P OR (95% CI)

Female sex <.001 7.077 (2.893–17.313)

IL28B rs12979860 CC .017 2.669 (1.188–5.997)

HLA-B57 and/or HLA-B27 detection .017 3.080 (1.225–7.744)

Multivariate logistic regression analysis.

Abbreviations: CI, confidence interval; OR, odds ratio.
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susceptibility were found in African Americans but not in

other racial groups [11]. Rallon et al [12] analyzed the IL28B

SNP prevalence among white long-term nonprogressors and

HIV-exposed seronegative subjects and did not find any asso-

ciation of the IL28B SNP with HIV disease progression or

HIV protection. This discrepancy could have arisen because

long-term nonprogressors are defined by the maintenance of

high levels of CD4+ T cells, in contrast to HIV controllers, who

are defined only by their virological control. In addition, a previ-

ous study analyzed the association of this SNP with HIV acqui-

sition and AIDS progression, and no association was found [13].

However, the aim of the present study was different because it

analyzed the relationship between the IL28B CC genotype and

the ability to control HIV viremia.

The association of the IL28B SNP with HIV control was not

discussed in a previous genome-wide association study [1],

most likely because the IL28B SNP might be in strong linkage

disequilibrium with other analyzed SNPs, which could explain

the loss of the association with viral control in the statistical

analysis. In relation to viral set point establishment, we did not

find differences in HIV loads between the IL28B CC and IL28B

CT/TT groups. Because this lack may be due to the small

number of subjects studied, analysis of a large cohort may con-

tribute to clarifying this issue.

The overrepresentation of HLA-B57 among HIV controllers

has been widely documented [1], as has its association with

HCV control [2, 3]. This suggests that some common host im-

munological mechanisms are involved in the response against

these 2 viruses, such as the efficient elimination of infected

cells by HLA-B57–restricted cytotoxic T lymphocytes that rec-

ognize distinct epitopes from HIV or HCV [2]. The associa-

tion of the IL28B CC genotype with HIV control was observed

even when we adjusted for sex and the presence of protective

alleles, such as HLA-B57 or HLA-B27. In this regard, sex dif-

ferences in the course of HIV infection have been already de-

scribed in several studies, and we had previously observed a

higher prevalence of female sex among HIV controllers [3, 10].

In agreement with this observation, lower HIV loads during

an early stage of infection [14] have been shown in women.

Further studies are necessary to clarify the extent to which

female hormones may be implicated in spontaneous HIV

control and the mechanisms involved.

In this report, we show for the first time an association

between the IL28B rs12979860 SNP and spontaneous HIV

control. The mechanistic explanation could be related to the

antiviral activity of IFN-λ, which has been demonstrated

against different viruses, including HIV [6]. However, the in-

fluence of the IL28B SNP on IFN-λ production and activity

are still unknown. Further studies are needed to analyze the

antiviral properties of IFN-λ in HIV controllers and their pos-

sible role in the spontaneous control of HIV infection, as pre-

viously shown for IFN-α [15].
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