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Supplementary Figure 1
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Supplementary Figure 1. Viral and immune dynamics in study participants. Viral
loads (right axes) and CD4 counts (left axes) over time (x-axis) for subjects with durable
(DCO1 - DC21) and aborted control (AC0O1 - AC013). Timepoints of study sample
collection are represented with dashed lines.
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Supplementary Figure 2. Gating strategy used for the quantification of the different
NK cell receptors. General gating strategy used to identify NK cell populations based
on CD56 and CD16 expression from PBMC samples for phenotype and functional
assays. Briefly, lymphocytes were selected based on FSC and SSC parameters,
followed by doublets and dead cells exclusion. From CD3" CD4 cells, NK cells (defined
as CD3CD56*%) were gated; and within NK cells, three subsets were identified in all
groups: CD56*, CD569m™CD16* and CD56"9". FMOs are shown for markers with
continuous expression. FSC-H, Forward Scatter-Height; FSC-A, Forward Scatter-Area;
SSC-A, Side Scatter-Area.
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NK cells (left to right: CD158b, CXCR3, KLRG1, NKG2A, NKG2D, NKp30, NKG2C,

CD57, and the frequency of double-positive NKG2C*CD57* NK cells). B) Violin plots
showing the frequency of (left to right): CD158b*, CXCR3", KLRG1*, NKG2A*, NKG2D",

NKp30*, NKG2C*, and CD57* CD569" NK cells. Graphs represent medians and
ranges. Statistical comparisons were performed using the Kruskal-Wallis test. *p<0.05;

plots depicting the expression of distinct phenotypic NK cell markers in CD569™CD16"d"
**p<0.01; ***p<0.001; ****p<0.0001.

Supplementary Figure 3. Phenotypic characterization of NK cell subsets. A) Violin

51
52
53
54
55
56
57
58
59
60



61

62

63
64
65
66
67
68
69
70
71
72

73

Supplementary Figure 4
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Supplementary Figure 4. Gating strategy for NK cell activation assays. A) General
gating strategy used to identify NK cells and K562 cells in NK cell activation and
cytotoxicity assays. For NK cells (labelled in purple), lymphocytes were selected based
on FSC and SSC parameters, followed by doublets and dead cells exclusion. From CD3"
cells, CD56* NK cells were selected. Similarly, K562 cells (labelled in yellow) were
selected based on FSC and SSC parameters, followed the exclusion of doublet cells.
Subsequently, CD56" cells live cells were selected. B) Representative flow cytometry
plots illustrating the expression of IFNY*CD107a* in CD56" NK cells following stimulation
with K562 and IL-15 are shown. FSC-H, Forward Scatter-Height; FSC-A, Forward
Scatter-Area; SSC-A, Side Scatter-Area.
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Supplementary Figure 5. Functional profile of NK cell subsets. Violin plots depicting
the frequency of IFNy*, CD107a*, and IFNy*CD107a*in A) CD569™CD16"9" NK cells and
B) CD56""" NK cells upon stimulation. Statistical comparisons were performed using
RM two-way ANOVA followed by Tukey’s multiple comparisons test. *p<0.05; **p<0.01;
***p<0.001; ****p<0.0001.
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Supplementary Figure 6. Gating strategy for functional assays. A) General gating
strategy used to assess natural cytotoxicity. The viability reduction of K562 cells in co-
culture with NK cells was quantified as the percentage difference between the viability of
K562 cells alone and K562 cells co-cultured with NK cells. B) Representative flow
cytometry plots showing the gating strategy used to evaluate ADCC responses. Primary
NK cells were isolated and co-cultured with the p24-expressing ACH-2 cell line, with and
without the addition of HIV* plasma for 4h. ACH-2 cells were gated based on SSC-A vs
FSC-A plot. After doublet cell exclusion, live cells were identified based on the lack of
expression of LIVE/DEAD Fixable AQUA viability cell stain. Then, p24* expression was
analyzed in CD56" cells. ACH-2 cells alone, co-cultured with NK cells and with HIV*
plasma are depicted below. ADCC was calculated as the fraction of cells that
disappeared within the target population after the addition of HIV* plasma in comparison
to the control condition with targets and NK cells, but lacking HIV* plasma. FSC-H,
Forward Scatter-Height; FSC-A, Forward Scatter-Area; SSC-A, Side Scatter-Area.
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101 Supplementary Figure 7. Expression levels of activating NK cell markers and their
102 association with functional responses. A) Mean Fluorescence Intensity (MFI) of
103 NKG2D on total CD56" NK cells across study groups (left panel) and Spearman
104  correlation illustrating its association with natural cytotoxic responses (right panel). B)
105 MFI of CD16 on total CD56* NK cells across study groups (left panel) and Spearman
106  correlation showing its association with ADCC responses (right panel).
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Supplementary Figure 8
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Supplementary Figure 8. NK cell receptor expression within NK cell clusters. A)
Heatmaps depicting the frequency of expression of the selected phenotypic NK cell
markers within the cell clusters identified in Figure 2A, categorized by study group.
Markers include CD16, CD158b, CXCR3, KLRG1, NKG2A, NKG2D, NKp30, NKG2C,
and CD57. B) Spearman correlation illustrating the association between NKG2C
expression in NK cells from cluster #C4 and ADCC responses in DC and AC groups (DC
in blue, AC in red).
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Supplementary Figure 9. Frequency of NK cell populations based on NKG2C and
NKG2A expression. Violin plots illustrating the frequency of distinct NK cell populations
characterized by NKG2C and NKG2A expression, specifically (left to right):
NKG2C*NKG2A*, NKG2C'NKG2A*, NKG2C'NKG2A", and NKG2C*NKG2A" total CD56*
NK cells. Graphs represent medians and ranges. Statistical comparisons were
conducted using the Kruskal-Wallis test, with significance levels indicated as follows:
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.
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Supplementary Figure 10
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Supplementary Figure 10. Influence of cell cycle dynamics and single-cell
differential gene expression analysis between NK cell populations. A) Violin plots
illustrating the fraction of cells in different phases of the cell cycle (S left, G2M right)
across NK cell samples. Cells are colored by sample classification (NKA red, NKB green,
and NKC blue). B) Top ten genes exhibiting upregulation (left) and downregulation (right)
in NKA cells compared to NKB. C) Overrepresentation analysis (ORA) of the gene
ontology biological process (GO-BP) analysis showing the list of biological processes
upregulated (blue) or downregulated (red) in NKA vs NKB. D) Top ten genes upregulated
(left) and downregulated (right) in NKA cells compared to NKC. E) Overrepresentation
analysis (ORA) of the gene ontology biological process (GO-BP) analysis showing the
list of biological processes upregulated (blue) or downregulated (red) in NKA vs NKC
based on the list of genes upregulated and downregulated in each comparison with an
adjusted p-value below 0.05 and log2FoldChange above 0.5 (upregulated) or below -0.5
(downregulated).
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Table S1. Clinical data of PWH included in the study.

) o ART VIR p value between
Subject characteristics DC (n=21) AC (n=13)
(n=24) (n=18) groups(test)
0.35 (Fisher’s
Sex (n, %) Male 11 (55) 7 (53) 15(65.2) 14 (77.7)
exact)
Female 9 (45) 6 (46) 8 (34.8) 4 (22.2)

<0.0001 (Kruskal-
Age (years; median, IQR) 55 (47 -59) 58 (51-61) 44 (36-52) 39 (27-46) Wallis test with
Dunn’s post-test)

Route of transmission (n, <0.0001 (Fisher’s
Heterosexual 6 (30) 7 (53.8) 3(37.5) 2 (28.6)
%) exact)
MSM 4 (20) 1(7.6) 4 (50) 5(71.4)
Intravenous drug
10 (50) 3(23) 1(12.5) -
use
Other/unknown - 2 (15.8) - -
Protective HLA-B alleles )
>0.99 (Fisher’'s
[B*14. B*27. B*52. B*57] 13 (72.2) 9 (69.2) - -
exact)
(n, %)
435 0.0005 (Kruskal-
CD4+ T-cell count 846 (590.3- 673 (501.8- 750 (510- . .
. (237.5- Wallis test with
(cells/ul; median, IQR) 1109) 1090) 860)
715) Dunn’s post-test)
) <0.0001 (Kruskal-
HIV viral load (log10 4.75 (4.38- ) )
. . <1.69 <1.69 <1.69 Wallis test with
copies/ml; median, IQR) 5.25)
Dunn’s post-test)
) ) ) ) 74.80 0.006 (Kruskal-
Time since HIV diagnosis 87 (55.8- 132 (70.80- 8 (0.4- . .
. (46.90- Wallis test with
(months; median, IQR) 184.8) 214.8) 82.2)
153.7) Dunn’s post-test)
Time on ART with VL
suppressed (months; N/A N/A 53 (45-72) N/A

median, IQR)

DC: Durable Control, AC: Aborted Control, ART: ART-treated PWH, VIR: Viremic PWH, IQR: Interquartile Range, MSM:

Men who have sex with men; N/A not available



Table S2. Cell numbers obtained after sorting of selected NK cell populations.

Cell population

Sample NKA NKB NKC NKD NKE
DC1 1,043 5391 9,339 7,391 23,976
DC2 1,751 88,040 5,279 9,436 86,222
DC3 1,275 3,910 5,630 3,140 187,785
DC4 1,352 26,599 22,236 51,191 257,153
DC5 1,033 2,906 29,916 32,298 92,687

DC: Durable Control, NKA: CD16*NKG2A*NKG2C* CD57*CXCR3* NK cells, NKB: CD16+, NKG2A* NKG2C™ CD57*
CXCR3* NK cells, NKC: CD16+ NKG2A NKG2C* CD57* CXCR3* NK cells, NKD: CD16+, NKG2A- NKG2C™ CD57*
CXCR3* NK cells, NKE: CD16- NK cells.



Table S3. Differentially expressed genes in each cluster.

p-val Avg_log2FC Pct.l1  Pct.2 P_val_ad] Cluster gene
0 0.817808347 0.864 0.517 0 0 CD7
0 0.775222722 0.993 0.666 0 0 1L32
0 0.660553583 0.905 0.51 0 0 CD3E
0 0.466822812 1 1 0 0 MT-CYB
0 0.432707859 1 1 0 0 MT-CO1
0 0.40040603 1 1 0 0 CCL5
0 0.398049407 1 1 0 0 MT-ATP6
0 0.375945164 0.348 0.096 0 0 GOLGA8M
9.3318E-300 0.420869948 1 1 2.0949E-295 0 MT-ND2
4.4041E-297 0.434556085 0.999 0.997 9.8867E-293 0 MT-ND5
6.6557E-232  0.378199728 1 1 1.4941E-227 0 RPLP1
4.6266E-229 0.380241959 0.999 0.991 1.0386E-224 0 CD52
7.2756E-211  0.449718029 0.926 0.828 1.6333E-206 0 S100A10
1.9296E-203 0.460477722 0.921 0.827 4.3318E-199 0 HOPX
6.0427E-197 0.43411818 0.549 0.293 1.3565E-192 0 CASK
1.1308E-192 0.473530087 0.894 0.772 2.5385E-188 0 IFITM2
2.0933E-182 0.368429246 0.954 0.889 4.6992E-178 0 CD63
9.9805E-166 0.451925834 0.931 0.857 2.2405E-161 0 VIM
1.7646E-164 0.393350847 0.724 0.508 3.9613E-160 0 TRAC
2.36615E-85 0.403214858 0.719 0.596 5.31178E-81 0 LGALS1
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2.80698E-15

5.28546E-13

1.64534E-11

3.66675E-10

1.53208E-09

1.71086E-09

1.33036E-08

1.50415E-08

3.02161E-08

3.48842E-07

3.60233E-07

4.89748E-07

4.65671E-05

0.028602742

0.322312178

2.181E-244

1.4849E-167

4.7387E-111

2.11812E-75

1.99018E-54

8.64495E-29

1.18933E-22

1.48708E-17

2.49431E-16

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

12

12

12

12

12

12

12

12

12

12

12

12

12

APBA2

THEMIS

PITPNC1

AOAH

PDE3B

CCSER2

SLFN12L

EML4

GRAP2

EPSTI1

PRKCQ

TC2N

VTI1A

SOSs1

JAKMIP2

ZBTB20

LINC00342

ST8SIA6

COMMD10

RRM2

MKI67

TOP2A

ASPM

KNL1

CLSPN

CENPF

NUSAP1

STMN1

PCNA

EZH2

HIST1H1C

NSD2



1.62738E-19

1.06619E-16

1.37282E-16

2.58171E-15

2.88611E-15

4.1699E-13

2.6373E-12

2.726007299

4.28484422

3.548338679

2.517699102

5.294662325

3.072757006

2.822979344

0.235

0.307

0.311

0.35

0.36

0.521

0.681

3.65331E-15

2.3935E-12

3.08184E-12

5.79569E-11

6.47903E-11

9.361E-09

5.92048E-08

12

12

12

12

12

12

12

ATAD2

TUBALB

TUBB

SMC4

HIST1H4C

HMGB2

HMGN2

P_val: raw p-value; avg_log2FC: log2-fold-change of the average expression between the two groups (here, cluster vs all

cells); pct.1: fraction of cells where the feature is detected in the cluster tested; pct.2: fraction of cells where the feature is

detected in the remaining clusters; p_val_adj: adjusted p-value, based on Bonferroni correction.



Table S4. Ordering of connected clusters in each lineage.

Lineage 1 Lineage 2 Lineage3 Lineage4 Lineage5

4 4 4 4 4
2 2 2 2 2
11 11 11 11 11
10 10 10 10 10
9 9 0 6 5
1 1 7
8 3

Lineages are identified as a set of individual cells along a path/trajectory.



