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A Dendritic Cell–Based Vaccine Elicits T Cell Responses
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Combination antiretroviral therapy (cART) greatly improves survival and quality of life of HIV-1–infected patients; how-
ever, cART must be continued indefinitely to prevent viral rebound and associated disease progression. Inducing HIV-
1–specific immune responses with a therapeutic immunization has been proposed to control viral replication after
discontinuation of cART as an alternative to “cART for life.” We report safety, tolerability, and immunogenicity results
associated with a control of viral replication for a therapeutic vaccine using autologous monocyte-derived dendritic
cells (MD-DCs) pulsed with autologous heat-inactivated whole HIV. Patients on cART with CD4+ >450 cells/mm3 were
randomized to receive three immunizations with MD-DCs or with nonpulsed MD-DCs. Vaccination was feasible, safe,
and well tolerated and shifted the virus/host balance. At weeks 12 and 24 after cART interruption, a decrease of
plasma viral load setpoint ≥1 log was observed in 12 of 22 (55%) versus 1 of 11 (9%) and in 7 of 20 (35%) versus 0 of
10 (0%) patients in the DC–HIV-1 and DC-control groups, respectively. This significant decrease in plasma viral load
observed in immunized recipients was associated with a consistent increase in HIV-1–specific T cell responses. These
data suggest that HIV-1–specific immune responses elicited by therapeutic DC vaccines could significantly change
plasma viral load setpoint after cART interruption in chronic HIV-1–infected patients treated in early stages. This
proof of concept supports further investigation of new candidates and/or new optimized strategies of vaccination
with the final objective of obtaining a functional cure as an alternative to cART for life.
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INTRODUCTION

Although combination antiretroviral therapy (cART) improves surviv-
al and quality of life of HIV-infected patients, cART does not represent
definitive therapy for HIV infection, in part because treatment must
be continued indefinitely to prevent viral recrudescence and associated
disease progression. Viral eradication and functional cure have been
proposed as two alternatives to “cART for life” (1). The concept of “func-
tional cure”—defined as control of HIV replication without cART—is
based on the observation that a limited number of HIV-infected pa-
tients (termed as long-term nonprogressors or elite controllers) can
remain persistently infected for decades but are able to control HIV
replication effectively enough to remain aviremic as measured by stan-
dard assays and without appreciable depletion of CD4+ T cells. It has
been proposed that the strong HIV-specific immune responses observed
in these patients explain this natural functional cure (2), raising the
possibility that therapeutic immunization of patients in whom HIV
replication is suppressed by cART might result in a similar outcome,
obviating the need for lifelong cART (3, 4).

Therapeutic immunization is intended to increase existing immune
responses against HIV or induce de novo beneficial antiviral immune
responses by vaccination with a suitable immunogen (3, 4). In the ideal
scenario, these responses would be able to control viral replication in
at least a proportion of patients, even after discontinuation of cART.
1Hospital Clinic-IDIBAPS, HIVACAT, University of Barcelona, 08036 Barcelona, Spain.
2INSERM UMR-S-945, Université Paris-VI Pierre-et-Marie-Curie, Hôpital Pitié-Salpêtrière,
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Even if it fell short of achieving such a functional cure if a therapeutic
vaccine were shown to be capable of changing plasma viral load (pVL)
setpoint after a diagnostic interruption of cART, it would provide a
proof of concept that would justify further investigation of new can-
didate therapeutic immunization approaches.

Autologous myeloid dendritic cells (DCs), such as monocyte-derived
DCs (MD-DCs) (5), pulsed ex vivo with a variety of inactivated patho-
gens and tumor antigens, have been shown to induce a potent protective
immunity in experimental murine models of human infections and
tumors (6–8). Some studies in animal models suggest that animals im-
munized with DCs loaded with HIV-1 viral lysate, envelope glycoproteins,
or inactivated virusmount a potent immune response against HIV-1 (9–12).
Although at least 12 published clinical trials of DC-based immuno-
therapy for HIV infection have been performed in humans (13–24)
[reviewed in (25)], most of them were noncontrolled, nonrandomized
studies. In the present blinded placebo-controlled clinical trial, we suc-
cessfully immunized antiretroviral-treated chronic HIV-1–infected patients
with a high dose of MD-DCs pulsed with heat-inactivated autologous
virus to assess whether induced HIV-specific immune responses were
able to change significantly pVL setpoint after cART interruption.
RESULTS

Characteristics of study patients and side effects of
immunizations
Thirty-six patients were enrolled. The baseline characteristics of the pa-
tients in each arm, shown in Table 1, were well balanced. One patient
in the DC-control group was excluded from the analysis because of
consent withdrawal before receiving any immunization. Seven patients
in the DC–HIV-1 and five in the DC-control started cART (DC–HIV-1:
nceTranslationalMedicine.org 2 January 2013 Vol 5 Issue 166 166ra2 1
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at week 4 due to consent withdrawal; at weeks 8, 12, 12, 36, and 36
due to a drop in CD4 T cell count below specified criteria; and at week
36 due to a drop in platelets; DC-control: at weeks 16, 24, 36, and 36
due to a drop in CD4 T cell count below specified criteria and at week
36 due to consent withdrawal) (Fig. 1). Overall, the immunizationswere
well tolerated, with asymptomatic enlargement of local lymph nodes
after vaccination in four patients (in three DC–HIV-1 patients after
6 to 12 hours after three immunizations, and in one DC-control re-
cipient after the first injection), one episode of mild local redness (one
in DC–HIV-1 patients after the second immunization), and one epi-
sode of flu-like symptoms (one in DC–HIV-1 patients after the second
immunization). The enlargement of lymph nodes regressed after 48 to
72 hours, without intervention, in each instance. The redness and flu-like
symptoms subsided after 24 hours. ElevenDC–HIV-1 patients reported
at least one adverse event during the follow-up, compared with five
patients in the DC-control group. Except for the lymph node enlarge-
ment and the episode of local redness and flu-like symptoms, the ad-
verse events were classified as unrelated to immunizations. The DC
injections were not associated with any clinical or serologic evidence
www.Scie
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of autoimmunity, and no rheumatoid factor or antinuclear antibodies
were detected after DC injections.

Changes in viral load and CD4+ T cell count after DC
immunizations and cART interruption
DC–HIV-1 patients experienced significant changes of pVL setpoint
after cART interruption compared with DC-controls. The drop in
pVL setpoint after the second cART interruption is shown in Table 2
and Fig. 2 (A and B). The results of the analysis did not change at
week 24, when a sensitivity-type analysis using the last observation
carried forward for the missing pVLs was performed [mean (SE) change
pVL (log10 RNA copies/ml), −0.80 versus −0.19 in DC–HIV-1 versus
DC-control, respectively (P = 0.01)]. At weeks 12 and 24, a decrease of
pVL setpoint ≥1 log was observed in 12 of 22 (55%) versus 1 of 11
(9%) individuals, and in 7 of 20 (35%) versus 0 of 10 (0%) individuals
in DC–HIV-1 and DC-control, respectively (P = 0.02 and P = 0.03)
(Fig. 3 and Table 2). Proportions of patients with a drop of pVL ≥0.5
log in both arms at different time points are shown in Fig. 3 and Table 2.
Over a 48-week period, the AUC analysis showed a significant dif-
ference for a change of pVL setpoint between the groups [mean (SE),
−0.73 (0.14) versus −0.24 (0.16), DC–HIV-1 and DC-control, respec-
tively; P = 0.04]. The highest and lowest decreases in pVL setpoint
(defined as the highest and lowest differences between pVL set-
point at any time point after cART interruption and baseline pVL set-
point before any cART) were also significantly different between arms
[highest decrease: mean (SE), −1.2 (0.14) versus −0.56 (0.21), in DC–
HIV-1 versus DC-control, P = 0.01; lowest decrease: mean (SE), −0.54
(0.11) versus −0.06 (0.19), in DC–HIV-1 versus DC-control, P = 0.04].
Finally, a pairwise analysis with a Wilcoxon test comparing pVL at
baseline with pVL at weeks 12, 24, 36, and 48 showed that the differ-
ences were significant in the DC–HIV-1 group (P < 0.0001, P < 0.0001,
P = 0.0006, and P = 0.0028, respectively) but not in the DC-control
group (P = 0.06, P = 0.44, P = 0.69, and P = 0.10, respectively). Despite
these reductions in pVL setpoint, VL rebounded to detectable levels in
all patients. pVL after the first interruption of cART before any immu-
nization was similar to baseline pVL before any cART (see Table 1).

CD4 T cell counts declined to pre-cART values without significant
differences between groups (Fig. 4).

Changes in HIV-1–specific responses after DC immunizations
Baseline median values of the total sum of HIV-specific responses
against HIV peptide pools were similar in both arms [2625 versus
2283 spot-forming cells (SFCs)/106 peripheral blood mononuclear cells
Table 1. Baseline pre-cART characteristics of vaccine recipients (DC–HIV-1)
and placebo recipients (DC-control). DC–HIV-1: group of patients who re-
ceived 107 MD-DCs pulsed with heat-inactivated autologous virus (109

copies per dose). DC-control: group of patients who received placebo non-
pulsed 107 MD-DCs. MSM, men who have sex with men.
DC–HIV-1
 DC-control
n
 24
 12
Gender (male)
 19/24
 9/12
Age, median (IQR)
 41 (39–46)
 39 (32–45)
Risk HIV MSM
 15/24
 7/12
Baseline pre-cART pVL
[log10 mean (SE) copies/ml]*
4.87 (0.11)
 4.57 (0.18)
pVL STOP 1
[log10 mean (SE) copies/ml]†
4.92 (0.12)
 4.59 (0.16)
Baseline pre-cART CD4
[median (IQR) cells/mm3]*
503 (353–644)
 416 (345–470)
CD4 at day 0 (second interruption cART)‡
 702 (568–900)
 656 (505–728)
*Before any antiretroviral therapy: pVL, P = 0.14; CD4 T cell count, P = 0.07. †pVL after first
interruption of antiretroviral therapy. ‡Day of interruption of cART after immunizations (STOP 2):
day 0 CD4 T cell count: P = 0.36.
Table 2. Differences in changes in pVL setpoint, the proportion of patients with a drop of pVL setpoint ≥1 log10 or ≥0.5 log10, and HIV-specific
responses against HIV peptide pools between arms.
Changes in viral load
setpoint [log10 mean
(SE) RNA copies/ml]
Proportion of patients
with a drop of pVL
setpoint >_1 log10
Proportion of patients
with a drop of pVL
setpoint >_0.5log10
nceTranslationalMedicine.org
Changes in HIV-specific
responses [median (IQR)]
DC–HIV-1
 DC-control
 P
 DC–HIV-1
 DC-control
 P
 DC–HIV-1
 DC-control
 P
 DC–HIV-1
2 January 2013 Vo
DC-control
l 5 Issue 166 166ra2
P

Week 12
 −0.91 (0.11)
 −0.39 (0.18)
 0.01
 12/22 (55%)
 1/11 (9%)
 0.02
 18/22 (82%)
 6/11 (55%)
 0.09
 1267 (−215 to 3130)
 497 (−503 to 2084)
 0.36
Week 24
 −0.81 (0.16)
 −0.13 (0.16)
 0.01
 7/20 (35%)
 0/10 (0%)
 0.03
 13/20 (65%)
 3/10 (30%)
 0.07
 3567 (1397– 6097)
 513 (158–2729)
 0.02
Week 36
 −0.70 (0.17)
 −0.10 (0.24)
 0.05
 7/20 (35%)
 1/9 (11%)
 0.4
 9/20 (45%)
 2/9 (22%)
 0.24
 723 (−503 to 2084) 1
886 (−590 to 3153)
 0.28
Week 48
 −0.64 (0.18)
 −0.49 (0.22)
 0.66
 3/17 (18%)
 1/6 (17%)
 0.95
 9/17 (53%)
 3/6 (50%)
 0.9
 1847 (1077–4533) 2
206 (470 to 4031)
 0.88
2
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(PBMCs), P = 0.462]. The median [interquartile range (IQR)] change
in the frequency of total HIV-specific T cell responses after immuni-
zations is shown in Table 2 and Fig. 5A. This difference was more
evident when analyzing responses at week 24 against Gag p17 and Nef
peptide pools (P = 0.0288 and P = 0.03615, respectively). Nevertheless,
we also observed at week 24 an increased response against Gag p24,
Gag small proteins, and Env gp41 peptide pools in the immunized
arm, although the difference was not statistically significant when com-
pared to the placebo arm (852 versus 328 SFCs/106 PBMCs for Gag
p24, P = 0.705; 426 versus 60 SFCs/106 PBMCs for Gag small proteins,
P = 0.909; and 415 versus 73 SFCs/106 PBMCs for Env gp4, P = 0.167,
respectively). A complete immunophenotype was performed on T
cells from all individuals. We observed, at different time points, a signif-
icant increase in activation markers such as CD38 and human leukocyte
antigen (HLA)–DR especially on CD4 T cells from the DC–HIV-1
group (Fig. 5B). On the other hand, CD8 T cells, which usually cor-
relate with progression of HIV infection, did not change significantly
between groups. The median increase of peptide pools recognized was
similar between the two groups of patients.

HIV-specific T cell responses observed at week 24 tended to
be inversely associated with the drop in pVL in DC–HIV-1 group (r =
www.Scie
−0.38, P = 0.08); however, they were directly and significantly cor-
related with changes in pVL in the DC-control group (r = 0.66, P =
0.03) (Fig. 6, A and B).

Although only transient positive responses to HIV p24 were ob-
served, the median change in lymphoproliferative response (LPR) to
HIV p24 at week 24 from baseline was 0.96 versus −0.50 (P = 0.02) in
the DC–HIV-1 versus DC-control groups. Additionally, we found a
significant positive correlation between changes in LPR to HIV p24
and changes in the magnitude of HIV-specific T cell responses measured
by enzyme-linked immunospot (ELISPOT) in the DC-HIV group (r =
0.86, P = 0.0045), whereas in the case of the DC-control group, there
was a negative tendency between these changes (r = −0.6, P = 0.096).
DISCUSSION

Here, therapeutic vaccination of antiretrovirally treated nonadvanced
chronic HIV-1–infected patients with high doses of autologous MD-DCs
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Fig. 2. Change in pVL from baseline (before any antiretroviral therapy)
after immunizations and second interruption of antiretroviral therapy. (A)

Median values. (B) Individual values. Numbers at the bottom represent
patients at risk. P values of Mann-Whitney U test are shown at weeks
12, 24, 36, and 48. P value of area under the curve (AUC) is also shown.
Fig. 1. Scheme of clinical trial design. Thirty-six antiretroviral-treated chronic
HIV-1–infected patients were randomized to receive three immunizations

with at least 107 MD-DCs pulsed with heat-inactivated autologous virus
(109 copies per dose). Patients were followed up to 48 weeks after the first
immunization. Week 0 was considered the day of second interruption of
cART (2nd STOP). The DC–HIV-1 group received immunizations at weeks
−4, −2, and 0 in 12 patients and at weeks 0, 2, and 4 in 12 patients. These
two different schedules were selected to assess whether cART could have
any influence in the response to immunizations. Because a significant
difference in pVL changes or HIV-specific T cell responses between these
two schedules was not observed, immunized patients have been analyzed
as a single group. DC-control group patients received injection at weeks −4,
−2, and 0.
nceTranslationalMedicine.org 2 January 2013 Vol 5 Issue 166 166ra2 3
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pulsed with high doses of autologous heat-inactivated HIV-1 was fea-
sible, safe, and well tolerated. A significant decrease in VL was ob-
served in immunized recipients combined with a consistent increase
in HIV-1–specific T cell responses. Although our data fell short of
achieving a functional cure, this therapeutic vaccine was capable of
changing pVL setpoint after a diagnostic interruption of cART.

To date, results have been reported for 191 patients (60 off cART
and 131 on cART) recruited into 12 clinical trials with DC-based im-
munotherapeutic vaccines (25). The safety profile has been excellent,
with only minor local side effects reported in some studies. No severe
side events or induction of autoimmunity has been reported. This excel-
lent tolerance profile for DC administration to HIV-1–infected patients
corresponds with experiences with DC-based cancer therapy. Our clinical
trial confirms that a therapeutic MD-DC vaccine in chronically HIV-1–
infected patients receiving antiretroviral therapy is feasible, safe, and well
tolerated. However, this is a small trial in a highly select group of patients,
www.Scie
and the overall safety over the long term and in a substantial number of
unselected participants remains to be established.

The 12 clinical trials published so far suggest that DC immuno-
therapy in HIV-1 infection can elicit HIV-1–specific immunological
responses. However, only four of these studies reported virological re-
sponses to immunization (14, 15, 21, 22), three have not assessed viro-
logical responses (17, 20, 23), and five failed to show any response
(13, 16, 18, 19, 24). The most promising results have been reported in
two noncontrolled, nonrandomized studies (14, 22). The first preliminary
noncontrolled, nonrandomized clinical trial described by Lu et al. (14)
found that, after administration of three immunizations with DCs loaded
with AT-2–inactivated autologous virus, VL decreased a mean of 0.7
log10 copies/ml in antiretroviral treatment of naïve HIV-1–infected
patients. Moreover, they found a drop of 1 log10 in the viral load of
8 of 18 (44%) patients. Similar results were found by Routy et al. (22)
in antiretroviral-treated patients. Conversely, in the other two random-
nceTranslationalMedicine.org
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ized clinical trials performed previously
by our group [one in patients off cART
(21) and the other in patients on cART
(15)], only a modest virological response
associated with weak increase in HIV-1–
specific CD8+ T cell responses was ob-
served (15, 21, 26, 27).

In the present blinded placebo-controlled
study in antiretroviral-treated patients, we
found a significant and consistent virolog-
ical response that was maintained for at
least 24 weeks in the vaccinated group
and seemed to wane thereafter. Immuni-
zation shifted the virus/host balance; the
change in pVL setpoint in the immunized
patients compared to the control group
was significant (mean peak drop of pVL
of −1.2 log10 copies/ml and mean drop
of pVL at weeks 12 and 24 of −0.91 and
−0.81 log10 copies/ml). The protocol end-
point for control of pVL (≥1 log10) was
achieved in 12 of 22 (55%) vaccine recip-
ients at week 12 after cART interruption
and was observed in only 1 of the control
recipients during the 48 weeks of follow-
up. Moreover, over this 48-week period,
the AUC analysis showed a significant
difference for a change of pVL setpoint
between the groups with a mean drop
of −0.73 in vaccinated and −0.24 in con-
trols. To our knowledge, these are the best
virological responses to any therapeutic
vaccine used to date. However, comparison
between the results of this clinical trial
and those of published studies is difficult
because, although the baseline character-
istics of the patients were similar between
different clinical trials, the design of these
studies (including route of administration,
type of immunogen, number of doses, and
schedule) varied (25). In any case, it is worth
considering whether autologous virus is a
Fig. 3. Drop of pVL setpoint at weeks 12, 24, 36, and 48. Each bar represents an individual. Red bars,
DC–HIV-1 group; blue bars, DC-control group. The continuous line represents a drop of pVL setpoint

≥1 log10, and the dashed line represents a drop of pVL setpoint ≥0.5 log10.
Fig. 4. Change in CD4 T cell count from baseline (before any antiretroviral therapy) after immunizations
and second interruption of antiretroviral therapy. Median values are shown. Numbers at the bottom

represent patients at risk. Week 0 was considered the day of second interruption of cART (2nd STOP).
Dashed line represents baseline value before any antiretroviral therapy.
2 January 2013 Vol 5 Issue 166 166ra2 4
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good immunogen. Clinical trials performed with heterologous anti-
gens (13, 16–19, 23, 24) did not find any virological response. Con-
versely, the four studies reporting virological responses to immunization
(14, 15, 21, 22) used autologous virus. Recently, Routy et al. (20, 28)
reported the preliminary results of an immunotherapy noncontrolled,
nonrandomized trial consisting of MD-DCs and RNA encoding autol-
ogous HIV-1 antigens (Gag, Nef, Rev, and Vpr) administered monthly
in 33 subjects in four intradermal doses in combination with cART,
followed by two more doses during a 12-week cART interruption. They
found that this strategy induced a control of pVL similar to that re-
ported by Lu et al. (14). These and our current data suggest that a com-
bination of autologous antigens administered to patients on cART
could have a higher virological effect. In addition, the difference in
www.Scie
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efficacy of this current trial compared with our previous clinical trials
(15, 21) could be explained by the much lower quantities of MD-
DCs and virus used in the first trial [106 versus 107 (MD-DCs) and
106 versus109 (virus) in the first and current trial, respectively] (15)
and that the second trial was performed in antiretroviral untreated pa-
tients (21).

The vaccine tested here induced moderate HIV-specific T cell re-
sponses, as measured by ELISPOT. At week 24 after cART interrup-
tion, the pVL in immunized patients tended to be inversely correlated
with HIV-1–specific T cell responses. In contrast, as other authors have
reported previously, in the controls, HIV-1–specific T cells responses
were directly correlated with an increase in pVL (29). We also observed
a clear increase of activated CD4+ T lymphocytes in vaccinated patients.
The latter suggests that pulsed DCs may be able to appropriately stim-
ulate T cells to obtain an efficient immune response. The clear positive
correlation we found between the increase in HIV-1–specific T cell
proliferative response and interferon-g (IFN-g) production in immu-
nized patients suggests a coordinated response to the therapeutic im-
munization and reinforces this idea. We have previously reported that a
transient activation of HIV-specific CD4+, but not CD8+ T cells with
HIV-1 recombinant canarypox vaccine (vCP1452), might have a detri-
mental effect on HIV outcomes (30). Conversely, the present data suggest
that limited activation of HIV-specific CD4+ associated with stimula-
tion of CD8+ T cells might have a beneficial effect in the control of viral
replication.

Our study has a number of drawbacks. First, despite important re-
ductions in pVL setpoint, VL rebounded to detectable levels in all
patients. The goal of any therapeutic vaccine would be to control viral
replication to an undetectable level in at least a proportion of patients
in the absence of cART (functional cure), and this objective has not
been reached with this vaccine. A replenishment of the reservoir dur-
ing the first interruption of cART (performed to isolate autologous
virus for pulsing MD-DCs) could be a major problem with the study
design. After this interruption, patients were on cART for only 48 ad-
ditional weeks. It could be expected to cause significant persistent viral
replication despite a decline in viral RNA to <50 copies/ml and may
have compromised the results. Regretfully, we have not been able to
perform any other measures of the reservoir at the time of second treat-
ment interruption after vaccination. Second, immunization did not pre-
vent the drop of CD4+ T cells, and a third of randomized patients had
to reinitiate cART during the follow-up. The observed decreases in
CD4+ T cells are likely due to persistent viral replication, and it is pos-
sible that, if a therapeutic vaccine would be able to control viral repli-
cation to undetectable level, this deleterious effect in CD4 T cell count
would not be observed. Finally, viral load response to vaccine waned
with time. A new strategy including booster doses after cART inter-
ruption could potentially avoid this decline of the vaccine effect. This
is suggested by the preliminary data reported by Routy et al. (22). The
results of an ongoing clinical trial using four immunizations while on
cART plus two additional booster doses after cART interruption could
help to answer this question (25).

In summary, these results suggest that HIV-1–specific immune re-
sponses elicited by therapeutic DC vaccines could significantly change
pVL setpoint after cART interruption in most chronic HIV-1–infected
patients treated in early stages. This is a proof of concept justifying
further investigation of new candidates and/or new optimized strategies
of vaccination with the final objective of obtaining a functional cure as an
alternative to cART for life.
Fig. 5. Changes in the frequency of HIV-1–specific T cell responses and

T cell activation markers from baseline during the study period. (A)
Median changes in total HIV-specific T cell responses (defined as the sum
of positive individual responses per patient). (B) Percentages of CD38+ and
HLA-DR+ surface activation markers on CD4+ T cells in the DC–HIV-1 and
DC-control groups during the study period. P values of Mann-Whitney U test
are shown over significant time points.
nceTranslationalMedicine.org 2 January 2013 Vol 5 Issue 166 166ra2 5
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MATERIALS AND METHODS

Patients and samples
Chronically HIV-1–infected patients on cART with baseline CD4+ T
lymphocytes above 450 cells/mm3, nadir CD4+ T cell count above 350
cells/mm3, and undetectable pVL (<37 copies/ml) were enrolled. Pa-
tients had been on cART for at least the last 2 years before enrollment.
The study design is shown in Fig. 1. All the immunologic and viro-
logic determinations were performed in a blinded fashion. The study
was explained to all patients in detail, and all patients gave written
informed consent. The study was approved by the institutional ethical
review board and by the Spanish Regulatory Authorities.

The co-primary endpoints were safety, change in pVL setpoint at
week 24, and proportion of patients with a drop in pVL of at least
1 log10 at week 24. Secondary endpoints were pVL setpoint change at
weeks 12, 36, and 48; proportion of patients with a drop in pVL of at
least 1 log10 at weeks 12, 36, and 48; proportion of patients with a drop
in pVL of at least 0.5 log10 at weeks 12, 24, 36, and 48; proportion of
patients who started therapy (cART) based on CD4+ T cell count below
300 cells/mm3 in two determinations separated by at least 1month; and
changes in CD4+ T cells and in HIV-1–specific immune responses.

Preparation of inactivated autologous viral stocks for
pulsing autologous MD-DCs
For each subject, one lot of autologous inactivatedHIV-1 stockwas pre-
pared fulfilling clinical-grade good manufacturing practice (cGMP) re-
quirements and complyingwith the predetermined specifications in the
approved investigational medicine product dossier. Briefly, for each in-
fected patient, a primary virus isolate was obtained and propagated by
means of coculture of CD4-enriched PBMCs from both the HIV-1–
infected subject and the HIV-seronegative unrelated, healthy volunteer
donors. The virus-containing culture supernatants were collected and
heat-inactivated twice at 56°C for 30 min and concentrated by ultracen-
trifugation to a final volume of 1 ml, which was divided into five 0.2-ml
aliquots and stored frozen at −80°C until use for pulsing immature MD-
DCs. To ensure that no interpatient cross-contaminations had occurred
during the immunogenmanufacturing,we compared theHIV-1protease
gene of the virus present in the patient plasma (extracted at the time of
autologousHIV-1 isolation for the virus stock production) and that of the
virus isolated to prepare the immunogen before heat treatment. We did
www.ScienceTranslationalMedicine.org
not find significant differences between
these paired samples for any patient. The
final products contained a median (IQR)
VL of 11.0 (10.9 to 11.0) log10 HIV-1 RNA
copies/ml and a high infectivity reduction
after heat treatment (median of 5.5 log10)
andwere free fromadventitious agents. The
relevant quality control procedures have
been explained in detail elsewhere (31).

In vitro generation of MD-DCs,
their pulsing with inactivated
HIV-1 under cGMP conditions,
and immunizations
PBMCs were isolated, within 1 hour of the
blood extraction, from a 150-ml sample of
EDTA-treated venous blood by means of
standard Ficoll gradient centrifugation.
After being washed four times in cGMP phosphate-buffered saline
(PBS) (Lonza), PBMCs were resuspended in MD-DC culture medium
including X-VIVO 15 culture medium (Lonza) supplemented with 1%
heat-inactivated autologous serum and pharmaceutical gentamicin
(B. Braun Medical Supplies), fungizone (Bristol-Myers Squibb), and
1 mM zidovudine (Retrovir from GlaxoSmithKline); settled in sterile
apyrogenic culture flasks; and incubated for 2 hours in a cell culture in-
cubator (37°C, humidified atmosphere with 5% CO2 in air). Thereafter,
nonadherent cellswerediscarded, andadherent cells (enrichedmonocytes)
were immediately washed gently (three times) with cGMP PBS to elim-
inate residual contaminating lymphocytes, and then cultured for 5 days
in MD-DC culture medium with recombinant human granulocyte-
macrophage colony-stimulating factor (GM-CSF) (1000 IU/ml) (Cell-
Genix) and cGMP recombinant human interleukin-4 (IL-4) (1000 IU/ml)
(CellGenix). Cytokines at the indicated doses were added at 2- to 3-day
intervals. On day 5 of culture, immatureMD-DCs were collected, washed
(three times) with PBS, pulsed for 2 to 3 hourswith freshly thawed frozen
aliquot of heat-inactivated autologous HIV-1 (0.2 ml containing >109

HIV-1 copies/ml) in a final concentration of 2 × 106 MD-DCs/ml in
MD-DCculturemediumwithGM-CSFand IL-4, and cultured in anultra-
low attachment flasks to prevent cell adhesion. After viral pulsing, MD-
DCs were fully matured during a total of 48 hours with a cocktail of
cytokines containing IL-1b (300 IU/ml) (CellGenix), IL-6 (1000 IU/ml)
(CellGenix), tumor necrosis factor–a (1000 IU/ml) (CellGenix) and prosta-
glandin E2 (1 mg/ml) (Dinoprostona, Pfizer) and MD-DC medium with
GM-CSFand IL-4was added to a concentrationof 0.5×106MD-DCs/ml.

Immediately after pulsing with inactivated autologous HIV, cells
were washed once and resuspended in 0.5 ml of pharmaceutical sa-
line solution supplemented with 1% of pharmaceutical human albu-
min and immediately injected subcutaneously or intradermally in the
upper-inner part of both arms (0.25 ml each injection). A small aliquot,
removed immediately before injection, was used for immunopheno-
typing, Gram staining, andMycoplasma detection. Before pulsing, mi-
crobiological culture was performed with uniform negative results.
The amount of cells obtained and the maturation, as assessed by flow
cytometry, was consistent throughout all the immunization periods.

ELISPOT assay
ELISPOT assays were performed to measure the numbers of IFN-g–
producing PBMCs directed against HIV-1 sequences. Briefly, assays
Fig. 6. (A and B) Correlation between the HIV-1–specific T cell responses and pVL in DC–HIV-1 pa-
tients (A) and DC-control recipients (B) at week 24 after antiretroviral therapy interruption. Each dot

represents an individual.
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were performed with cryopreserved PBMCs using 22 pools of pep-
tides, consisting of 15-nucleotide oligomers overlapping by 11, grouped
in pools of 10 to 12 peptides each, covering the whole HIV-1 Gag, Nef,
and Env gp41 sequences [provided by ORVACS (Objectif Recherche
VACcin Sida)]. Negative control responses were obtained with un-
stimulated cells. Positive controls included cells stimulated with phyto-
hemagglutinin A (Sigma) and a CEF pool containing 32 HLA class
I–restricted peptides from cytomegalovirus, Epstein-Barr virus, and flu
virus (National Institutes of Health AIDS Research and Reference
Research Program). All time points for an individual patient were
tested in a single assay. The ELISPOT assay was done in 96-well poly-
vinylidene difluoride microtiter plates coated overnight with a mono-
clonal antibody (mAb) specific for human IFN-g (mAb B-B1,
Diaclone, BioNova). PBMCs resuspended in RPMI plus 10% fetal calf
serum were plated in the presence of different peptide pools (2 mg/ml,
final concentration) and incubated overnight at 37°C and 5% CO2.
Plates were developed with biotinylated anti-human IFN-g, streptavidin
conjugated to alkaline phosphatase (Amersham Biosciences), and
chromogenic substrate bromochloroindolyl phosphate–nitro blue tet-
razolium (Sigma). SFCs were counted with an AID ELISPOT reader
(Autoimmun Diagnostika GmbH). Results were expressed as the num-
ber of SFCs per million of PBMCs after subtracting the background.
The positivity threshold for each peptide pool or antigen was defined
at 50 SFCs/106 PBMCs. At least 85% of the responding cells with this
methodology are CD8 T cells, but because all studies were conducted
with unfractionated PBMCs, responses are described as HIV-specific
T cells.

Lymphoproliferative responses
PBMCs were washed twice and resuspended at 2 × 106/ml in serum-
free medium X-VIVO 10 (BioWhittaker). Cultures were plated in trip-
licate at 2 × 105 per well in 7-day assays, in 96-well round-bottomed
microplates (TPP). Cells were cultured in the absence or presence of
pokeweed mitogen (10 mg/ml) (Sigma) as a polyclonal stimulus or re-
combinant HIV-1 proteins gp160 and p24 (5 mg/ml) (Protein
Sciences). Incorporation of tritium-labeled thymidine during the last
18 hours of 7-day culture was evaluated with a betaplate scintillation
counter (LKB Wallac). Results were expressed as mean counts per
minute (cpm). The stimulation index (SI) was calculated for each sam-
ple as follows: cpm for cells with stimulus/cpm for cells without stim-
ulus. Positive antigen-specific responses were defined as more than
3000 cpm and SI greater than 3.

Statistical analysis
The HIV RNA values were log10-transformed before analysis. Patients’
measurements were censored after ART initiation in those patients
who had to start ART according to preestablished criteria. Baseline
pVL and CD4 T cell count were defined as the mean of all determi-
nations available 1 year before any cART. The continuous variables
were compared between groups with the nonparametric Mann-Whitney
test. The continuous variables were compared within groups with the
nonparametric Wilcoxon test. Categorical variables were compared be-
tween groups with the Fisher’s exact test. Changes in plasma HIV-
1 RNA viremia and the frequency of total HIV-specific T cell responses
over the 48 weeks of the trial were analyzed by an AUC measurement.
Spearman rank order correlations were calculated to assess the correla-
tion between continuous variables. Corrections were performed for mul-
tiple comparisons.
www.Scie
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