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Combination anti-HIV-1 antibody therapy
is associated with increased virus-specific

T cell immunity
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Combination antiretroviral therapy (ART) is highly effective
in controlling human immunodeficiency virus (HIV)-1 but
requires lifelong medication due to the existence of a latent
viral reservoir?. Potent broadly neutralizing antibodies
(bNADbs) represent a potential alternative or adjuvant to
ART. In addition to suppressing viremia, bNAbs may have
T cell immunomodulatory effects as seen for other forms of
immunotherapy®. However, this has not been established
in individuals who are infected with HIV-1. Here, we docu-
ment increased HIV-1 Gag-specific CD8* T cell responses in
the peripheral blood of all nine study participants who were
infected with HIV-1 with suppressed blood viremia, while
receiving bNADb therapy during ART interruption®. Increased
CD4" T cell responses were detected in eight individuals. The
increased T cell responses were due both to newly detect-
able reactivity to HIV-1 Gag epitopes and the expansion of
pre-existing measurable responses. These data demonstrate
that bNAD therapy during ART interruption is associated with
enhanced HIV-1-specific T cell responses. Whether these aug-
mented T cell responses can contribute to bNAb-mediated
viral control remains to be determined.

HIV-1 infection is characterized by high initial levels of plasma
viremia that are variably controlled by virus-specific CD8* T cell
responses™®. Individuals who fail to control viremia, rapidly develop
immunodeficiency. In contrast, strong, broad HIV-specific CD8"
and CD4" T cell responses have been associated with spontaneous
viral control (that is, elite controllers, viral load <50 copies per ml)
and delayed progression to AIDS”~.

ART is highly effective in maintaining viral suppression but
does not boost host antiviral immunity because it limits antigen
availability. In contrast, antibodies do not prevent virus replication
or production and, unlike small molecule drugs, they have dual
functionality; variable domains neutralize the virus and constant
domains (Fc) engage the host immune system®. In humanized mice,
Fc interactions lead to accelerated clearance of viruses and infected
cells'’. bNAb administration to macaques infected with chimeric
simian and human immunodeficiency viruses (SHIV) is associated
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with CD8" T cell-dependent lasting control in a fraction of the
treated animals'’. In humans, bNAb monotherapy was associated
with increased T cell responses in 9 of 12 individuals; however this
occurred after rebound viremia in all but 3 individuals'?. Whether
bNAb therapy has a positive impact on HIV-1-specific T cell
immune responses in infected humans with prolonged suppression
during ART interruption has not been determined.

In a phase 1b clinical trial, individuals who were infected with
HIV-1 and on ART were infused with a combination of two bNAbs,
3BNC117 and 10-1074, at 0, 3 and 6 weeks (Fig. 1a)*. ART was
interrupted 2 d after the first antibody infusion. Nine bNAb-infused
individuals harboring viruses sensitive to both bNAbs maintained
viral suppression for at least 15 weeks following analytical treatment
interruption (ATI) (Extended Data Fig. 1a,b)*.

Individuals who were infected with HIV-1 and on ART show
stable or decreasing levels of HIV-1-specific CD8* and CD4* T cell
responses over time'*~'°. To determine whether the combination of
bNADb treatment and ATI was associated with alterations of CD8*
and CD4* T cell responses to HIV-1, we analyzed the peripheral
blood of the nine individuals on bNAb + ATT at baseline (week —2)
and during bNAb-mediated suppression (weeks 6/7, 12 and 18;
Extended Data Fig. 1b; week 18 samples were limited to seven indi-
viduals). Peripheral blood mononuclear cells (PBMCs) were stimu-
lated with an HIV-1 Consensus B Gag peptide pool. CD8* T cells
were analyzed for expression of interferon (IFN)-y, tumor necrosis
factor (TNF)-a, macrophage inflammatory protein (MIP)1-p and
the degranulation marker CD107A; CD4* T cells were analyzed
for expression of IFN-y, TNF-a, interleukin (IL)-2 and CD40L
(Supplementary Table 1 and Supplementary Fig. la—c).

In line with previous reports'*'°, anti-HIV-1 T cell responses in
individuals on long-term viral suppression by ART alone remained
stable over time (Extended Data Fig. 2a,b). In contrast, the fre-
quency of antigen-specific CD8" T cells expressing IFN-y, TNF-a,
MIP1-B and/or CD107A increased significantly in all nine indi-
viduals receiving bNAbs during ATT after 6/7 weeks (Fig. 1b and
Extended Data Fig. 3a). Of note, bNAb plasma levels were highest
at this time point* (Extended Data Fig. 1b). CD8" T cell responses
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Fig. 1| Increased frequency of Gag-specific T cells during ATl in bNAb-treated individuals. a, Study design. b,c, Net frequency of cytokine* CD8*
(b) or CD4+* cells (c) after Gag stimulation at weeks —2, 6/7,12 and 18. Total cytokine* cells include cells that express at least one cytokine and effector
function upon Gag stimulation (CD107A, IFN-y, MIP1-B and/or TNF-a for CD8*; CD40L, IFN-y, IL-2 and/or TNF-a for CD4*). Net value was calculated by

subtracting the frequency of cytokine* cells detected in a DMSO control. Ba
from n=9 (weeks -2, 6/7 and 12) and n=7 (week 18) bNAb-treated individ
for individual 9244 and individual 9242 reinitiated ART after viral rebound a

rs show median values. Symbols represent biologically independent samples
uals with suppressed viral load during ATI (week 18 sample was not available
t week 15). Lines connect data from the same donor. P values comparing

responses at week 6/7, 12 or 18 versus baseline (week -2) were calculated using a paired two-tailed Wilcoxon test.

decreased by week 12 in six individuals but remained significantly
elevated for IFN-y, TNF-a and MIP1-$ when compared to base-
line. At week 18, when antibody levels were 2-3 orders of magni-
tude below the week 6/7 peak, CD8" T cell responses were similar
to week 12, but interpretation of these data was limited by the small
sample size (Fig. 1b).

CD4* T cells expressing IFN-y, CD40L, TNF-a and/or IL-2 in
response to Gag also increased significantly between baseline and
week 6/7 in eight bNAb+ ATT individuals (Fig. 1c). When mea-
sured individually, only CD40L and TNF-o remained significantly
elevated at week 12 and no responses were significantly elevated at
week 18. However, the total frequency of cytokine® CD4* T cells
(percentage of cells positive for one or more cytokines or functional
markers) was above baseline at all time points tested (Fig. 1c). In
contrast, cytomegalovirus (CMV) pp65-specific T cell responses
remained unchanged (Extended Data Fig. 4a,b), suggesting that the
increased T cell immunity in bNAb+ ATT individuals was specific
to HIV-1. In summary, CD8" and CD4* T cell responses to Gag
were most prominent at week 6/7 but remained elevated for weeks
after the last antibody dose in individuals who remained suppressed
while receiving bNAbs during ATL
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Two additional individuals recruited to the study harbored anti-
body-resistant viruses and showed early rebound after ATI (9245
and 9251, Extended Data Fig. 5a,b)*. Gag-specific T cell responses
in both participants were analyzed at baseline, week 6/7 and week
11 or 12 after reinitiation of ART. Where the frequency of cyto-
kine* cells for CD8* and CD4* increased for individual 9245, the
responses decreased for 9251 (Extended Data Fig. 5¢), consistently
with rebound viremia being sufficient to increase CD8" T cell
responses in some individuals'.

Polyfunctional HIV-1-specific CD8* T cells have been associated
with enhanced HIV-1 control®’, whereas other studies reported
superior antiviral functions of MIP1-f monofunctional cells'®. To
examine Gag-specific T cells in bNADb + ATT individuals for poly-
functional responses, we performed coexpression analysis using
Boolean gating. Gag-specific CD8* T cells coexpressing IFN-y, TNF-a,
MIP1-f and CD107A were significantly increased at weeks 6/7 and
12 after receiving bNAb therapy (Fig. 2a). However, the greatest
absolute increase in CD8" T cell responses to Gag was associated
with expansion of MIP1-B* single-positive cells (Fig. 2a). In addi-
tion, the frequency of CD4* T cells expressing IFN-y or CD40L alone
or in combination with other functions and IL-2/TNF-a-double
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Fig. 2 | Polyfunctionality of Gag-specific T cells. T cell cytokine coexpression after HIV-1 Gag peptide pool stimulation was evaluated in bNAb + ATI
individuals by ICS and analyzed using combination gates. a, Coexpression of CD107A, IFN-y, MIP1-p and TNF-a in CD8* T cells. b, Coexpression of CD40L,
IFN-y, IL-2 and TNF-a in CD4* T cells. Box-and-whisker plots show median values (line), 25th to 75th percentiles (box outline) and minimum and maximum
values (whiskers); n=9 (weeks —2, 6/7 and 12) and n=7 (week 18) biologically independent samples from bNAb-treated individuals with suppressed viral
load during ATI. P values comparing responses at week 6,/7, 12 or 18 versus baseline (week —2) were calculated using a paired two-tailed Wilcoxon test.

positive cells was also increased (Fig. 2b). Thus, several subsets of
Gag-specific mono- or polyfunctional CD8" and CD4" T cells were
augmented at weeks 6/7 and 12 compared to baseline for bNAb-
treated individuals (Fig. 2a,b).

Activation-induced marker (AIM) assays give a broader overview
of the total peptide-reactive T cell response and identify cells with-
out cytokine expression or expressing cytokines that are challenging
to detect by intracellular cytokine staining (ICS)"**. We therefore
used the AIM assay as an alternative, cytokine-independent method
to confirm our findings obtained by ICS. CD4* or CD8*AIM* cells
were identified as CD69* programmed death ligand (PD-L)1* or
CD6974-1BB* or PD-L1%4-1BB* after Gag peptide pool stimulation
(Supplementary Fig. 2 and Supplementary Table 2).

Similarly to ICS, we found increased Gag-specific T cell responses
in seven (CD8") or six (CD4") out of nine bNAb + ATI individuals
at week 12 compared to baseline (Fig. 3a,b). As expected”, the fre-
quency of Gag-specific CD4* and CD8" T cells was higher in the
AIM assay but correlated with ICS (Fig. 3¢,d, r=0.64). We did not
detect changes in human leukocyte antigen (HLA)-DR*CD38* or
programmed cell death (PD)-1* cells within AIM* Gag-specific
T cell responses at week 12 versus baseline (Extended Data Fig. 6).

We further used the AIM assay to investigate responses to less
immunodominant HIV-1 antigens with expected lower frequen-
cies than Gag. In contrast to Gag, we did not find a significant
increase in HIV-1-specific T cell responses directed against HIV-1
Pol, Nef, gp120 or gp41 at the cohort level (Fig. 3¢). Nevertheless,
enhanced CD8* and/or CD4* T cell responses to these HIV-1 pro-
teins were noted in several individuals at week 12 compared to week
—2, including against gp120 and gp41 (Extended Data Fig. 7a,b).
Specifically, the two individuals with controlled viremia beyond
30weeks showed increased CD8* and CD4* responses to nearly all
HIV-1 antigens tested at week 12 (Extended Data Fig. 7a-c, par-
ticipants 9254 and 9255). This was not seen in individuals who
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rebounded before week 26 after ATT (Extended Data Fig. 7a-c, par-
ticipants 9241, 9242, 9243, 9244, 9246, 9247 and 9252). However,
the association between prolonged control and breadth in these two
individuals is anecdotal. Larger studies will be required to under-
stand the precise relationship between prolonged control, bNAb
therapy and enhanced breadth of T cell immunity.

To determine whether the increased HIV-1 Gag-specific T cell
responses were directed against pre-existing or new peptide epi-
topes, we stimulated PBMCs with a peptide library spanning the
entire HIV Gag protein Consensus B sequence (Supplementary
Table 3) and compared IFN-y responses before and after ATI for
the nine bNADb + ATI individuals. IFN-y ELISpot responses were
detectable for six study participants (Fig. 4a-d, Extended Data Fig. 8
and Supplementary Table 4). Four individuals from these six (9244,
9246, 9252 and 9255) broadened the IFN-y ELISpot response to
Gag during ATI (Fig. 4a—d and Extended Data Fig. 8f). Overall, 41%
(9 of 22) of the detectable responses in these six individuals at week
12 were directed against Gag epitopes that did not induce a detect-
able response at baseline (new responses: red dots and section,
Fig. 4¢,f). In contrast, none of the Gag responses detected at base-
line were lost by week 12. Finally, several individuals with detect-
able responses at week 12 had IFN-y ELISpot responses against
the major homology region (peptide 69-76, Gag285-304; Fig. 4g),
a highly conserved motif in the gag gene of all retroviruses*'. Thus,
the increased IFN-y responses that developed during bNAb therapy
result from increased breadth and magnitude of detectable peptide-
specific responses.

To determine whether the increased HIV-1-specific T cell
response could eliminate HIV-1-infected cells in vitro, we per-
formed HIV-1 viral inhibition assays”. CD4* T cells from partici-
pants 9246 and 9252 at baseline were infected with HIV-1;,; and
cultured either alone or in the presence of CD8* T cells isolated from
the same individuals before and after ATI (Extended Data Fig. 9a
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Fig. 3 | AIM assay evaluation of T cell responses to multiple HIV-1 antigens. AIM* T cells include cells that were PD-L1*CD69* or 4-1BB*CD69* or
PD-L1+4-1BB*. a, Net frequency of HIV-1 Gag-specific AIM*CD8* (left, red) and CD4+ T cells (right, blue) for each bNAb + ATl individual. Net frequency
of the Gag-stimulated condition was calculated by subtracting the frequency detected in a DMSO control. b, Comparison of net frequency HIV-1 Gag-
specific AIM*CD8* (left, blue) and CD4* T cells (right, red) at week —2 and week 12. Symbols represent biologically independent samples from n=9
bNAb + ATl individuals. Lines connect data from the same donor. Bars show median values. ¢, Comparison of the frequency of Gag-specific CD8* or CD4+
T cells identified by AIM assay or ICS. The or-gate strategy was used for both assays. Symbols represent biologically independent samples from n=9
bNAb + ATl individuals (samples obtained at week —2 and 12 for each individual were included for comparison). Lines connect data from the same donor
and time point. d, Relationship between the frequency of Gag-specific CD8* and CD4* T cell responses identified either by AIM assay or ICS. Symbols
represent biologically independent samples from n=9 bNAb+ ATl individuals (samples obtained at week —2 and 12 for each individual were included

for comparison). Association was determined by Spearman correlation. e, Net frequency of HIV-1 Pol, Nef, gp120 or gp41-specific CD8* (upper graphs)

or CD4+ T cells (lower graphs) identified by AIM assay in bNAb + ATl individuals at week —2 and week 12. Symbols represent biologically independent
samples from n=9 bNAb + ATl individuals. Lines connect data from the same donor. Median values are shown as bars. P values indicated in b,c,e were
calculated by a paired two-tailed Wilcoxon test.

and Supplementary Table 5). Participant 9252 showed increased
suppression of HIV-1;,, in vitro at week 12 compared to baseline
(Extended Data Fig. 9b). However, 9246 was uninformative with
no detectable impact on HIV-1;,, outgrowth at baseline or week 12
(Extended Data Fig. 9b). Given the importance of HIV-1-specific
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CD8" T cells in controlling viral replication, we also examined
rebound viruses for mutations in HIV-1 gag in the seven individu-
als who rebounded before week 30. When compared to week —2
or 12, HIV-1 gag DNA from rebound plasma showed no consistent
evidence for cytotoxic lymphocyte escape (Extended Data Fig. 10).
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Fig. 4 | Responses to HIV-1 Gag epitopes. PBMCs obtained at week —2 and 12 were evaluated for IFN-y ELISpot responses to 123 peptides spanning the
entire HIV-1 Gag protein (Consensus Clade B sequence). a-d, Plots showing PBMC IFN-y ELISpot response calculated as spot-forming units (s.f.u.) per
10° PBMCs for individuals with broadened IFN-y ELISpot response at week 12 (dark gray bars) compared to week —2 (white bars): 9244, 9246, 9252

and 9255. e, PBMC IFN-y ELISpot responses at week —2 were plotted against week 12 responses for all nine individuals in the bNAb + ATl group. White
symbols represent responses that were below the limit of detection (LOD) for both time points. Responses were considered as new (red symbols) if
responses were undetectable for week —2 and detectable for week 12. Responses were considered as unchanged (light gray symbols) if number of spots
did not differ by more than twofold between both time points. Responses were considered as increased (blue symbols) if number of spots for week —2
were increased by more than twofold for week 12 versus week —2. f, Doughnut chart depicting proportion of new, increased or unchanged IFN-y ELISpot
responses within all detectable responses (n=22) of the nine individuals at week 12. g, Summary of detectable IFN-y ELISpot responses at week 12 for all

nine bNADb study participants. The LOD of 50 s.f.u. per 10¢ PBMCs is indicated as a dashed line in a-e.

HIV-1-specific T cell responses likely play a key role in spontane-
ous control of HIV-1 viremia in elite controllers’”. However, most
individuals exhibit partial control of viral replication as evidenced
by suppression of initial peak viremia by 1-2 orders of magnitude
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for prolonged periods of time before developing AIDS-defining
clinical complications®. ART is highly effective in further suppress-
ing viremia but fails to enhance virus-specific immunity possibly
because of decreased viral antigen availability.
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In contrast, bNAb therapy in SHIV-infected rhesus macaques
induces long-lasting CD8" T cell-mediated viral suppression in
a subset of the animals'**. Our data indicate that individuals who
are infected with HIV-1, receiving bNAD therapy during ATI, show
increased T cell immunity to HIV-1, including reactivity to Gag epit-
opes that were undetectable before bNAb administration. Specifically,
we identified increased frequencies of MIP1-B-expressing CD8*
T cells, which have been associated with control of viremia'®. However,
notably, the observational nature of this trial does not allow the deter-
mination of whether the observed expansion of HIV-1-specific T cell
responses in bNAb-treated humans contributes to viral control.

Previous clinical trials in individuals who are infected with HIV-1,
who underwent ATI in the absence of immune intervention,
showed increased HIV-1-specific T cell responses that coincided
with plasma viral rebound, suggesting that this boost in antivi-
ral immunity was induced by increased viral replication'®”. The
increased T cell responses in individual 9245 are consistent with
these observations (Extended Data Fig. 5). In contrast, our results
demonstrate increased HIV-1 Gag-specific CD8* and CD4* T cell
immunity in bNAb + ATI individuals at a time when bNAbs main-
tained viral suppression. At least two mechanisms could account for
the association of bNAD treatment with increased T cell responses.
One possibility is that ART interruption in the presence of anti-
bodies results in production of bNAb-HIV-1 immune complexes
that activate antigen-presenting dendritic cells and enhance their
antigen-presenting and cross-presenting capabilities to produce a
vaccinal effect**. A second nonexclusive possibility is that the aug-
mented CD8* T cell response is driven by increased low-grade viral
replication and antigen availability in tissues that we have not been
able to assay during overt viremia suppression by bNAbs. While
the underlying mechanism of the observed increased T cell immu-
nity remains to be determined, a potentially important advantage
of bNADb + ATI treatment compared to ATI alone, standard ART
or T cell vaccination is that the immune system is stimulated with
the individual’s own virus while circulating viremia is suppressed.
Whether the same effects will be seen in individuals who receive
bNAbs during ART and whether the increased T cell responses are
sufficient to help control infection remains to be determined.
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Methods

All information regarding material and methods can be found in the Life Sciences
Reporting Summary.

Study design and participants. BNAD study participants were enrolled in an open-
label phase 1b clinical trial at the Rockefeller University and University of Cologne
and received three infusions with a combination of two bNAbs, 3BNC117 and
10-1074. ART was interrupted at day 2 after the first antibody infusion*
(ClinicalTrials.gov identifier: NCT02825797). Viral load was assessed every 1-2
weeks and ART was reinitiated when two consecutive measurements showed viral
load of >200 copies per ml. All individuals were infected with clade B HIV-1

(ref. *). Clinical data of all participants are shown in Extended Data Figs. 1a and
5a. Individuals on continuous ART were enrolled in an observational study at the
Rockefeller University. Clinical data of all ART individuals are shown in Extended
Data Fig. 2a. The studies were approved by the Rockefeller University and the
University of Cologne Institutional Review Boards and written informed consent
was obtained from all participants before study enrollment. Secondary use

of samples was approved by the University of Montréal Hospital Institutional
Review Board.

Intracellular cytokine staining. PBMCs were thawed and rested for 2h in

RPMI 1640 medium (Gibco by Life Technologies) supplemented with 10% FBS
(Seradigm), penicillin and streptomycin (Gibco by Life Technologies) and HEPES
(Gibco by Life Technologies) and stimulated with a HIV-1 Consensus B Gag peptide
pool (0.5pgml™" per peptide; NIH AIDS Reagent Program) or CMV pp65 peptide
pool (0.5pgml™" per peptide; JPT Peptide Technologies) for 6h in the presence of
anti-CD107A-BV786 (BD Biosciences), Brefeldin A (BD Biosciences) and monensin
(BD Biosciences) at 37°C and 5% CO,. DMSO-treated cells served as a negative
control. Cells were stained for aquavivid viability marker (Life Technologies) for
20min at 4°C and surface markers (30 min, 4°C), followed by intracellular detection
of cytokines using the IC Fixation/Permeabilization kit (eBioscience) according to
the manufacturer’s protocol before acquisition at an LSRFortessa flow cytometer
(BD Biosciences) (see Supplementary Table 1 for antibody staining panel).

Activation-induced marker assay. PBMCs were thawed, washed and cultured in
24-well plates at a concentration of 10X 10° cells per ml in RPMI 1640 supplemented
with HEPES, penicillin and streptomycin and 10% human serum (Sigma). Cells
were rested for 3h and stimulated with 0.5 ugml™ per peptide of HIV-1 Consensus
B peptide pools spanning the entire protein for Gag, Nef, Pol, gp120 or gp41

(NIH AIDS Reagent Program) for 18h at 37°C and 5% CO,. Pools for gp120 and
gp41 were obtained by combining single Env peptides 1-123 (gp120) and 124-211
(gp41) (HIV-1 Consensus B Env Peptide Set). A DMSO-treated condition served as
a negative control. Cells were stained for viability dye (aquavivid, Life Technologies)
and surface markers (30 min, 4°C) and cells were fixed using 2% paraformaldehyde
before acquisition at a LSRII flow cytometer (BD Biosciences) (see Supplementary
Table 2 for antibody staining panel). DMSO-treated cells served as negative controls
and were used together with fluorescence minus one controls to set gates for analysis.

IFN-y ELISpot. HIV Gag-specific IFN-y responses were measured using an IFN-y
ELISpot assay as previously described”. The 96-well hydrophobic polyvinylidene
difluoride membrane-backed plates (Millipore) were pre-wetted with 35% ethanol
for 45 s, washed with PBS and coated overnight at 4°C with anti-IFN-y capture
antibody (3 pgml™" in PBS, clone NIB42, BD Biosciences). PBMCs were thawed,
rested for 2h and seeded into plates at 1-2 X 10° PBMCs per well in RPMI with
10% FBS supplemented with HEPES and penicillin and streptomycin. Cells

were stimulated with 123 peptides spanning the entire HIV-1 Consensus B Gag
protein (10 pgml~!, NIH AIDS Reagent Program; see Supplementary Table 3

for all sequences) for 20h at 37°C and 5% CO,. Plates were washed with PBS-T
(PBS and 0.05% Tween-20) and incubated with biotinylated anti-IFN-y antibody
(0.5 pugml™" in PBS and 0.5% BSA, clone 4S.B3; BD Biosciences) for 2h at room
temperature. Plates were washed with PBS-T and incubated with streptavidin-
alkaline-phosphatase conjugate (Bio-Rad Laboratories) (1:1,000 dilution in PBS
and 0.5% BSA) for 1h at room temperature. Spots were developed using an alkaline
phosphatase conjugate substrate kit (Bio-Rad Laboratories) for 4min and the
reaction was stopped with tap water. Spots were counted using an Immunospot
Analyzer Instrument (Cellular Technology). PBMCs incubated with medium
alone served as negative controls and staphylococcal enterotoxin B-stimulated
PBMCs (0.5 pgml™) as a positive control. The s.f.u. were calculated as number

of spots in test wells minus the mean number of spots in medium control wells
and normalized to s.f.u. per 10° PBMCs. A response was considered positive if
greater than 50s.f.u. per 10° PBMCs. Week —2 and week 12 samples from the same
individual were assayed together in the same experiment.

In vitro viral inhibition assay. The capacity of CD8* T cells to suppress HIV-1
infection of autologous CD4* T cells was evaluated using a previously described
HIV-1 suppression assay** with minor modifications. CD4* T cells were isolated
using negative magnetic bead selection (StemCell Technologies) from PBMCs,
rested for 2h and cultured in RPMI and 10% FBS supplemented with PHA-L

(2 pg ml™'; Sigma-Aldrich) and IL-2 (100 Uml™; StemCell Technologies) for 72h.

NATURE MEDICINE

After 72h, CD8* T cells were isolated from PBMCs using negative magnetic bead
selection (StemCell Technologies), counted and rested for 2h at 37 °C. Meanwhile,
cultured CD4* T cells were washed, counted and plated in U-bottom 96-well plates
for infection with HIV-1,,, (NIH AIDS Reagent Program) using a multiplicity

of infection of 0.015: plates were first centrifuged at 1,200¢ for 1h at 22°C and

then incubated for an additional hour at 37°C. After infection, CD4* T cells from
different wells were pooled, washed three times and plated in U-bottom 96-well
plates (50,000 cells per well) with CD8* T cells at a 1:1 ratio in RPMI with 10% FBS
supplemented with IL-2 (100 Uml™). Uninfected CD4* T cells were included as
negative controls and infected CD4* T cells cultured without CD8* T cells served
as 100% infectivity controls. At days 3, 5 and 7 after infection, cells were stained
with a viability dye (aquavivid, Life Technologies) and surface markers (30 min,
4°C), followed by intracellular detection of HIV-1 Gag (Beckman Coulter) using
the IC Fixation/Permeabilization kit (eBioscience) according to the manufacturer’s
protocol (see Supplementary Table 5 for the antibody staining panel). All
experiments were performed in duplicate or triplicate, depending on cell availability.

Sequencing and phylogenetic analysis. Gag sequences from latent reservoir
viruses were obtained from CD4* T cell genomic DNA by near-full length HIV-1
sequencing as previously described”. Gag sequences from rebound plasma were
obtained by HIV-1 RNA extraction and single-genome amplification as previously
described”. In brief, HIV-1 RNA was extracted from plasma samples using

the MinElute Virus Spin kit (Qiagen) followed by first-strand cDNA synthesis
using SuperScript III reverse transcriptase (Invitrogen). The cDNA synthesis for
plasma-derived HIV-1 RNA was performed using the antisense primer B5R2
5'-CAATCATCACCTGCCATCTGTTTTCCATA-3'. Gag was then amplified
using the primer Gag5out 5'-TTGACTAGCGGAGGCTAGAAGG-3’ and Gag3out
5'-GATAAAACCTCCAATTCCCCCTATC-3’ in the first round and in the second
round with nested primers Gag5in 5'-GAGAGATGGGTGCGAGAGCGTC-3' and
Gag3in 5'-CTGCTCCTGTATCTAATAGAGC-3'. PCRs were performed using
High Fidelity Platinum Taq (Invitrogen) and run at 94 °C for 2 min; 35 cycles of
94°C for 155, 58°C for 30s and 68 °C for 3 min; and 68 °C for 15 min. Second-
round PCR was performed with 1 pl of the PCR product from the first round as a
template and High Fidelity Platinum Taq at 94 °C for 2min; 45 cycles of 94°C for
155, 58°C for 30s and 68 °C for 3 min; and 68 °C for 15 min.

Amino acid alignments of intact gag sequences were obtained by using
ClustalW v.2.1 (ref. *) under the BLOSUM cost matrix. Sequences with premature
stop codons were excluded from all analyses. Maximum likelihood phylogenetic
trees were then generated from these alignments using RAXML v.8.2.9 (ref. *')
under the GTRGAMMA model with 1,000 bootstraps. To analyze changes between
reservoir and rebound viruses, gag sequences were aligned at the amino-acid-level
to a HXB2 reference using ClustalW v.2.1.

Data analysis. Flow cytometric data were analyzed using Flow]Jo v.10.5.0 for Mac.
Statistical analyses were performed using GraphPad Prism v.8.0.1 for Mac using
nonparametric tests. Pairwise comparisons were performed using the two-sided
Wilcoxon matched-pairs signed rank test.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

Sequences from all isolated viruses are available in GenBank, accession numbers
MN750027 to MN750174. Other raw experimental data associated with the figures
presented in the manuscript are available from the corresponding authors upon
reasonable request. Study participant-related data not included in the paper may be
subject to confidentiality obligations.
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Extended Data Fig. 1| Study participant clinical characteristics. (a) Study participant demographics and baseline clinical data*. Amer Indian: American
Indian; Hisp: Hispanic; cobi: cobicistat; DTG: dolutegravir; EFV: efavirenz; EVG: elvitegravir; FTC: emtricitabine; RPV: rilpivirine; TAF: tenofovir alafenamide
fumarate; TDF: tenofovir disoproxil fumarate. NNRTI-based regimens were switched four weeks before ART interruption due to longer half-lives of
NNRTIs. All participants harboured clade B viruses. Viral load <20D: plasma HIV-1 RNA detected but not quantifiable by clinical assays. dO: day O; dx:
diagnosis; Scr: screening. (b) Levels of plasma HIV-1 RNA (black; left y axis) and serum concentration of 3BNC117 (red) and 10-1074 (blue, right y axis) in
the 9 participants enrolled in the bNAb+ATI trial*.
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Extended Data Fig. 2 | Frequency of Gag-specific CD4* and CD8* unchanged in ART-treated individuals over time. T cell cytokine coexpression after 6h
HIV-1 Gag peptide pool stimulation was evaluated by intracellular cytokine staining (ICS) in individuals on continuous ART. (a) Demographics and clinical
data of ART-treated individuals. 3TC: lamivudine; ABC: abacavir; cobi: cobicistat; DRV: darunavir; DTG: dolutegravir; EFV: efavirenz; EVG: elvitegravir; FTC:
emtricitabine; RAL: raltegravir; rit: ritonavir; RPV: rilpivirine; SQV: saquinavir; TAF: tenofovir alafenamide fumarate; TDF: tenofovir disoproxil fumarate.
Viral load <20D: plasma HIV-1 RNA detected but not quantifiable by clinical assays. n.d.: not determined. (b) Cytokine analysis of CD8* and CD4+ after
HIV-1 Gag peptide pool stimulation at week O and 12. Symbols represent biologically independent samples from n=13 individuals on continuous ART. Lines
connect data from the same donor. Bars show median values. P values were calculated by paired two-tailed Wilcoxon test.
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Extended Data Fig. 3 | Individual Gag-specific T cell responses measured by ICS. (ab) Net frequency of total cytokine* CD8* (a) or CD4+ cells (b) after
Gag stimulation for each individual study participant. Total cytokine* cells include cells that express at least one cytokine/effector function upon

Gag stimulation (CD107A, IFNy, MIP1B and/or TNFa for CD8*; CD40L, IFNy, IL-2 and/or TNFa for CD4). Net value was calculated by subtracting
frequency of total cytokine* cells detected in a DMSO control. ND: Week 18 sample was not available for individual 9244. *9242 week 18 on ART after
viral rebound at week 15.
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Extended Data Fig. 4 | Unchanged frequency of CMV-specific effector T cells detected by intracellular cytokine staining. PBMCs were stimulated with
CMV pp65 peptide pools for 6h and cytokine production was evaluated by ICS in bNAb+ATI individuals at week -2 and week 12. (ab) Cytokine analysis

of CD8* (a) or CD4* T cells (b) at week -2 and week 12 after CMV pp65 stimulation. Net frequency of stimulated condition was calculated by subtracting
frequency detected in a DMSO control. Symbols represent biologically independent samples from n=9 bNAb+ATI individuals. Lines connect data from the
same donor. Bars show median values. P values are indicated in graphs and were calculated by paired two-tailed Wilcoxon test.
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Extended Data Fig. 5 | HIV-1 Gag-specific T cell responses in early rebounders with bNAb-resistant reservoir. (a) Study participant demographics and
baseline clinical data“. Hisp: Hispanic; cobi: cobicistat; EVG: elvitegravir; FTC: emtricitabine; TAF: tenofovir alafenamide fumarate; TDF: tenofovir disoproxil
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resistant reservoir®. (¢) Net frequency of total cytokine* CD8* or CD4+ T cells after HIV-1 Gag stimulation in both individuals at weeks -2, 7 and 11 (9245),
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Extended Data Fig. 6 | No change in HLA-DR/CD38 and PD-1 expression of HIV-1-specific T cell responses. HIV-1-specific T cell responses identified by
PD-L1/CD69/4-1BB AIM assay were analyzed for surface expression of HLA-DR/CD38 and PD-1. (a) Representative plot showing expression of HLA-DR/
CD38 and PD-1on AIM* HIV-1-specific CD8* (upper graphs) and CD4+ T cells (lower graphs). Flow panels are representative of n=6 (CD8*) or n=8
(CD4*) biologically independent bNAb+ATI individuals. (b) Frequency of HLA-DR*CD38* or PD-1+ of HIV-1-specific CD8* and CD4+ T cell responses at
week -2 or week 12. Symbols represent biologically independent samples from n=6 (CD8*) and n=8 (CD4+*) bNAb+ATI individuals. Only samples with
AlM-responses that are at least 2-fold over DMSO-stimulated control condition were analyzed for phenotype to limit the contribution of background
events. Lines connect data from the same donor. Bars show median values. P values are indicated in graphs and were calculated by paired two-tailed
Wilcoxon test.
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Extended Data Fig. 7 | Dynamics of T cell responses to multiple HIV-1 antigens in bNAb+ATI individuals. (ab) Frequency of CD8* (a) and CD4+ T cells
(b) specific to HIV-1 Pol, Nef, gp120 or gp41 were evaluated by CD69/PD-L1/4-1BB AIM assay at weeks -2 and 12. Individuals with viral suppression

>30 weeks (9254, 9255) are marked with an asterisk (*). (¢) Number of increased HIV-specific CD4* and CD8* T cell responses in n=7 biologically
independent individuals with 15-26 weeks of viral control after ATI (15-26 weeks: 9241, 9242, 9243, 9244, 9246, 9247, 9252) versus n=2 biologically
independent individuals with viral control beyond 30 weeks after ATI (>30 weeks: 9254 and 9255). Number of increased HIV-specific T cell responses
was calculated as the sum of single HIV antigens (Gag, Pol, Nef, gp120, gp41) for which we observed an increase at week 12 versus week -2. Bars represent
median values with IQR.
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Extended Data Fig. 8 | PBMC IFNy ELISpot responses were undetectable/not changed in 5 individuals. PBMCs were evaluated for IFNy ELISpot responses
to 123 HIV-1 Gag peptides spanning the entire Gag protein. Spot forming units (SFU) were calculated as number of spots in test wells subtracted by mean
number of spots in media control wells and normalized to SFU/10% PBMCs. A response was considered positive if greater than 50 SFU/10° PBMCs
(=limit of detection, LOD, dashed line). (a-e) Graph representing IFNy ELISpot responses for individuals with either undetectable (9242 (b), 9243

(), 9254 (e)) or unchanged response (9241 (a), 9247 (d)) at week -2 (left axis, white bars) and week 12 (right axis, gray bars). (f) Number of responses
above LOD for n=9 biologically independent bNAb+ATI individuals at week -2 and week 12. Lines connect data from the same donors, bars represent
median values. P value was calculated by paired two-tailed Wilcoxon test.
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Extended Data Fig. 9 | Invitro HIV-1 inhibition assay for individuals 9252 and 9246. PHA-activated CD4* T cells were infected invitro with HIV-Tg,,,
cultured alone or in presence with autologous CD8* T cells for 3, 5 and 7 days, and analyzed for infection using flow cytometry. (@) Example plot showing
the frequency of infected CD4+ T cells (HIV-1 Gag* cells with down-regulated surface CD4) for bNAb+ATI individual 9252. Flow panels are representative
of n=3 technical replicates. (b) Fraction of residual HIV-1 Gag*CD4 T cells after 3, 5 or 7 days of co-culture with CD8* T cells obtained at week -2 or week
12 for n=2 biologically independent individuals (9252 and 9246) normalized to infected CD4* T cells cultured without CD8* T cells. (€) Fraction of residual
HIV-1 Gag*CD4 T cells after 3, 5 or 7 days of co-culture with autologous CD8* T cells for one HIV-1-uninfected control individual. Each condition was done
in technical duplicates or triplicates depending on cell availability and mean values are shown.
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Extended Data Fig. 10 | Comparison of the circulating latent reservoir and rebound viruses. Maximum likelihood phylogenetic trees of full-length gag
sequences isolated from CD4* T cell genomic near-full length (NFL) HIV-1 sequencing and rebound plasma SGA from participants 9241, 9242, 9243,
9244, 9246, 9247 and 9252. Open and closed black rectangles indicate NFL-derived viruses from pre-infusion (week -2) and week 12, respectively.
Viruses obtained at the time of rebound are indicated by red rectangles (plasma SGA). Asterisks indicate individuals where there is at least one identical
match between a gag sequence from the latent reservoir and the rebound viruses.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
n/a | Confirmed
|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

L O]

|X| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

X X

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XOO X X OO

(X X

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection DIVA 8.0.1 (cytometer), Immunospot 5.0 (ELISpot), MiSeq Control Software 2.6 2.1 (sequencing)

Data analysis Flow cytometry data were analyzed with Flowjo v10 (Treestar) and statistical analyses were performed with Prism v8 for Mac (Graphpad
Software Inc). Amino acid alignments of intact gag sequences were obtained by using ClustalW v.2.1 under the BLOSUM cost matrix.
Sequences with premature stop codons were excluded from all analyses. Maximum likelihood phylogenetic trees were then generated
from these alignments using RAXML v.8.2.9 under the GTRGAMMA model with 1,000 bootstraps. To analyze changes between reservoir
and rebound viruses, gag sequences were aligned at the amino acid level to a HXB2 reference using ClustalW v.2.1.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Sequences from all isolated viruses are available in GenBank, accession numbers MN750027 - MN750174. Additional datasets that support the findings of this study
are available from the corresponding authors on reasonable request.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample size calculation was performed.
Results obtained from the bNAb+ATI clinical trial (NCT02825797) have been previously published in Mendoza et al., Nature 561, 479-484
(2018). Nine of the 15 study participants who fulfilled the study eligibility criteria harbored latent reservoir that was sensitive to both bNAbs
(10-1074 and 3BNC117) and maintained viral suppression for 15 to >30 weeks after ART discontinuation.
We analyzed all available study participants (n=9) with prolonged viral suppression for this manuscript.
In addition, two study participants who harbored latent reservoir that was resistant to one of the two bNAbs and who rebounded early after
ATI (week 5 or 7) were analyzed (Extended Data Figure 5).
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The number of individuals included in the historical comparison group of people on continuous ART (n=13) was chosen to approximately
match the number of participants enrolled into the Phase Ib trial.

Data exclusions  No participant fulfilling the criteria mentioned above was excluded from the analyses.

Replication Samples analyzed in this study were obtained from participants of a clinical trial (-0NAb+ATI) or an observational study (ART) and samples were
analyzed on individual study participants. Experiments did not include replicates as all participants and data points are unique.

Randomization  The bNAb+ATI clinical trial was single arm.

Blinding The bNAb+ATI clinical trial was open label.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
X Antibodies X[ ] chip-seq
[] Eukaryotic cell lines [] Flow cytometry
|:| Palaeontology |X| |:| MRI-based neuroimaging

[] Animals and other organisms
|Z| Human research participants

|Z| Clinical data
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Antibodies

Antibodies used 3BNC117 and 10-1074 are investigational anti-HIV-1 neutralizing antibodies manufactured for clinical use. They are being
investigated under US FDA INDs 118225 and 123713.

All antibodies used for flow cytometry are listed in supplementary tables 1, 2 and 5, which describe the specific panels used.
1. CD3 BUV395, UCHT1, BD Biosciences 563548, lot #6343984, 3 pl/test

2. CD4 BUV496, SK3, BD Biosciences 564651, lot #9080989, 4 pl/test

3. CD8 APC-Fire750 SK1, Biolegend 344745, lot#B237278, 0.5 pl/test

4.CD14 BV510 M5E2, Biolegend 301842, lot#B250901, 3 pl/test

5.CD19 BV510, M1B19, Biolegend 302242, lot#B239285, 3 pl/test

6. CD40L BV421, TRAP1, BD Biosciences 563886, lot#6280762, 5 pl/test

7.CD56 BUV737, NCM16.2, BD Biosciences 564448, |ot#8288818, 2.5 pl/test

8. CD69 PerCP-eFluor710, FN50, eBioscience 46-0699-42, lot#1920361, 4 ul/test
9. CD107A BV786, H4A3, BD Biosciences 563869, lot#8144866, 5 pl/test

10. IFNy PE-Cy7, B27, BD Biosciences 557643, lot#7202642, 4 pl/test

11. IL-2 PE-Dazzle594, MQ1-17H12, Biolegend 500344, lot#B245312, 3.5 pl/test
12. MIP1B PE, D21-1351, BD Biosciences 550078, lot#8176503, 1 pl/test
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13. TNFa APC, Mab11, BD Biosciences 562084, lot#7163931, 1.5 pl/test

14. CD3 PerCP-eFluor710, SK7, eBioscience 46-0036, lot#1941534, 3 ul/test
15. CD8 BV711, RPA-T8, Biolegend 301044, lot#B237121, 2 pl/test

16. CD69 BUV395, FN50, BD Biosciences 564364, |ot#8242749, 5 ul/test
17.CD137 (4-1BB) PE-Cy7, 4B4-1, Biolegend 309818, lot#B258325, 5 ul/test
18. PD-L1 BV421, 29E2A3, Biolegend 329714, lot#B258010, 5 pl/test

19. HLA-DR APC-eFluor780, LN3, eBioscience 47-9956, lot#4312829, 2.5 ul/test
20. CD38 PE, HB7, BD Biosciences 342371, lot# 8234511, 10 pl/test

21. PD-1 Alexa Fluor 647, EH12.2H7, Biolegend 329910, lot# B241533, 2.5 ul/test
22.CD4 PE-Cy7, RPA-T4, BD Biosciences 560649, lot#9086795, 4 ul/test
23.CD14 BUV737, M5E2, BD Biosciences 564444, lot# 7150893, 2 ul/test
24.CD19 BUV737, SJ25C1, BD Biosciences 564303, lot#5100759, 3 pl/test

25. HIV-1 Gag PE, KC57, Beckman Coulter 6604667, lot#7433072, 1 ul/test

Validation 3BNC117 and 10-1074 that were administered to the participants were manufactured by Celldex Therapeutics under Good
Manufacturing Practice and have been fully characterized in terms of biophysical properties and potency (INDs 118225 and
123713). Both drug products are under long term stability monitoring.
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3BNC117 and 10-1074 are investigational anti-HIV-1 neutralizing antibodies manufactured for clinical use. They are being
investigated under US FDA INDs 118225 and 123713.

All antibodies used for flow cytometry were commercially available. Clones and companies are listed in the supplementary tables
1,2 and 5.

1. CD3 BUV395, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
2. CD4 BUV496, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
3. CD8 APC-Fire750, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

4.CD14 BV510, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

5.CD19 BV510, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

6. CD40L BV421, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
7. CD56 BUV737, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
8. CD69 PerCP-eFluor710, reactivity: human (ThermoFisher), tested applications: flow cytometry (Thermofisher)

9. CD107A BV786, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
10. IFNy PE-Cy7, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
11. IL-2 PE-Dazzle594, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

12. MIP1B PE, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)

13. TNFa APC, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)

14. CD3 PerCP-eFluor710, reactivity: human (ThermoFisher), tested applications: flow cytometry (Thermofisher)

15. CD8 BV711, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

16. CD69 BUV395, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
17.CD137 (4-1BB) PE-Cy7, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

18. PD-L1 BV421, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

19. HLA-DR APC-eFluor780, reactivity: human (ThermoFisher), tested applications: flow cytometry (Thermofisher)

20. CD38 PE, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)

21. PD-1 Alexa Fluor 647, reactivity: human (Biolegend), application: flow cytometry (quality tested, Biolegend)

22. CD4 PE-Cy7, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
23. CD14 BUV737, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
24. CD19 BUV737, reactivity: human (QC testing, BD Biosciences), application: flow cytometry (routinely tested, BD Biosciences)
25. HIV-1 Gag PE, reactivity: HIV-1 core antigen (Beckman Coulter), listed under flow cytometry reagents (Beckman Coulter)

Human research participants

Policy information about studies involving human research participants

Population characteristics Eligible participants for the bNAb clinical trial were adults aged 18-65 years, HIV-1-infected, on ART for a minimum of 24 months,
with plasma HIV-1 RNA levels of 50 copies/ml for at least 18 months (one viral blip of >50 but <500 copies/ml during this 18-
month period was allowed), plasma HIV-1 RNA levels of <20 copies/ml at the screening visit, and a current CD4+ T cell count
>500 cells/pl. Clinical data are summarized in extended data figure 1 and 5.

To study HIV-specific T cell responses during ART suppression, individuals were recruited at Rockefeller University, that were on
ART for at least 4 years. Clinical data for these individuals are shown in extended data figure 2.

Recruitment Participants of the bNAb+ATI trial were pre-screened for sensitivity of latent proviruses against 3BNC117 and 10-1074 antibodies
by bulk PBMC viral outgrowth. Sensitivity was defined as an IC50 < 2 pg/ml for both antibodies against outgrowth virus.
Participants harboring sensitive viruses were invited for screening and were enrolled in the study sequentially. Participants were
enrolled at the two clinical sites at the Rockefeller University (New York, USA) and Cologne University Hospital (Germany).

810 4290120

HIV-infected individuals on continuous ART were recruited at the Rockefeller University (New York, USA).




No potential self-selection bias or other bias are known.

Ethics oversight The clinical trial protocol was approved by the Federal Drug Administration in the USA, the Paul-Ehrlich-Institute in Germany, and
the Institutional Review Boards (IRBs) at the Rockefeller University and the University of Cologne. The protocol for collection of
samples from ART-suppressed participants was approved by the Rockefeller University IRB.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration NCT02825797
Study protocol https://clinicaltrials.gov/ct2/show/NCT02825797
Data collection Results concerning this clinical trial have been previously published in Mendoza et al., Nature, 561, 479-484 (2018).

For this study, we used PBMC samples collected at Rockefeller University or University of Cologne from enrolled HIV-infected
trial participants at week -2, 6/7, 12 and 18 (see Extended Data Figures 1 and 5) for analysis.

Outcomes All primary and secondary outcomes of the trial are described under https://clinicaltrials.gov/ct2/show/NCT02825797. For the

immunological exploratory substudy presented here, we pre-selected participants with a specific outcome (maintained viral
suppression for >12 weeks after analytical treatment interruption).

Flow Cytometry

Plots
Confirm that:
g The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|X| All plots are contour plots with outliers or pseudocolor plots.
|X| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Cryopreserved PBMCs were thawed, rested, stimulated, fixed, permeabilized and stained according to the demands on each
experiment. All details are mentioned in the Methods section.

Instrument LSRII (BD Biosciences) and LSR Fortessa (BD) for standard flow cytometry.
Software Flow cytometry data were collected by DIVA 8.0.1 and analyzed with Flowjo v10 (Treestar).

Cell population abundance  For Flow Cytometry, we collected 0.1-15M events depending on the experiment. FMO controls and DMSO-treated controls were
used as controls.

Gating strategy The generic gating strategy is explained in supplementary figures 1&2 and extended data figures 6& 9.

|X| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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