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We thank Melsen et al. for their interest in our study. Their remarks
allow us to clarify key aspects of our work on human bone marrow
NK cell biology.1

Our study reports the unsupervised single-cell analysis of NK
cells from eight healthy donors and eight acute myeloid leukemia
(AML) patients.1 First, we detected an adaptive NK cell subset that
correlated with the cytomegalovirus (CMV) positivity status of the
donors. In agreement with previous studies, not all CMV-
seropositive donors possessed this additional NK cell population,
at least at the transcriptomic level.2 We further showed that
healthy human bone marrow NK cells encompassed three
transcriptionally distinct populations in all donors, one CD56dim

(hNK_Bm1) subset and two CD56bright (hNK_Bm2 and hNK_Bm3)
subsets. Machine learning algorithms supported the robustness of
our analysis and further validated this segregation.
We then explored the heterogeneity of the bone marrow NK

cell compartment in AML patients at diagnosis and revealed
patient-dependent transcriptomic profiles of NK cells that
prevented subset assignment. However, the transcriptomic
signature revealed a profound impact associated with AML on
bone marrow NK cells. In particular, downregulation of CD160
mRNA expression was observed in AML patients compared to
healthy donors and was confirmed at the protein level.
Remarkably, higher CD160 levels correlated with better survival,
suggesting that CD160 could be a marker of interest in AML.
Finally, we uncovered a developmental path between the three

bone marrow NK cell subsets identified in healthy donors using
the pseudotime algorithm Monocle DDRTree, which computa-
tionally orders the transcriptomic profiles of cells along a
trajectory without prior information about their clustering.
hNK_Bm3 intersected with two pseudotime branches, giving rise
to CD56dim-hNK_Bm1 and CD56bright-hNK_Bm2, which resembled
the NK1 and NK2 subsets that we previously described in the
spleen and blood, respectively.3 CD56bright hNK_Bm3 was thus
referred to as NK0. When we reanalyzed a previous dataset,3 NK0
cells were also found in the spleen (CD56bright-hNK_Sp3), and this
subset was predicted to give rise to both NK1-like CD56dim-
hNK_Sp1 and NK2-like CD56bright-hNK_Sp2 cells. These results
were further strengthened by a transcriptional maturity gradient,
with NK0 cells being the less mature bone marrow NK cell subset.
NK0 cells could be distinguished from NK2/CD56bright-NK_Bm2
cells based on higher levels of CD52 and CD127 and lower levels
of CD160 expression.

Melsen et al. recently used bulk RNA-seq and provided the
transcriptomic profile of a purified CD69+ CXCR6+ NK cell
population in human lymphoid tissues, further referred to as
lymphoid tissue NK (ltNK) cells.4 In their comment on our
findings,5 they proposed that the hNK_Bm2 subset that we
identified1 corresponded to the tissue-resident ltNK subsets that
they found earlier4. We explored this possibility along two distinct
axes, as follows.

(1) As previously published,1 the comparison of both datasets
revealed that “the transcriptomes of the hNK_Bm3 and
hNK_Sp3 tissue-resident subsets (NK0) were not enriched in
the transcriptomic signature of ltNK cells”. In addition, we
now show here (Fig. 1a) that hNK_Bm1 cells resembled the
CD56dim NK cell transcriptomic profile isolated from the
peripheral blood by Hanna et al.,6 while both hNK_Bm2 and
bone marrow NK0 (hNK_Bm3) cells had a stronger enrich-
ment in the CD56bright signature. These gene signature
enrichments were relatively weak when comparing our NK
cell subsets to the bone marrow CD56dim and CD56bright

identified by Melsen et al., but the findings still confirmed
that the profiles of hNK_Bm1 cells and BM CD56dim cells
matched.7 In addition, the bone marrow NK0 (hNK_Bm3)
gene signature did not appear similar to that of ltNK cells, as
we previously stated.1 Despite the weakness of this
transcriptomic relatedness, the ltNK signature was enriched
to some extent in the hNK_Bm2 population, as indicated by
Melsen et al. in their commentary.5 However, our study1 and
those of Melsen et al.4,7 did not compare the same cells.
While we performed a nonsupervised analysis of unsorted
CD45+CD3−CD19−CD56+ human bone marrow NK cells
by single-cell RNA-seq, while Melsen et al. sorted
their populations from a CD45+CD3−CD19−CD7+CD56+

gate and performed bulk RNA-seq sequencing.4 This
difference would explain why ltNK cells exhibit a transcrip-
tomic signature that is significantly different from that of
bone marrow-derived CD56bright and CD56dim NK cells, even
though these cells constitute an intermediate NK cell
population in terms of CD56 expression.5 This finding is
consistent with CD7 expression that goes beyond NK cells
and is observed on progenitor and mature ILCs.8 It is not
clear whether the ltNK population constitutes bona fide
NK cells.
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Fig. 1 a Heatmap showing the hNK_Bm1, hNK_Bm2, and hNK_Bm3 gene expression profiles of peripheral blood (PB) NK cells from Hannah
et al.6 and for bone marrow (BM) NK cells from Melsen et al.7 b Violin plot representing the distribution of module scores for CD69, CD62L, and
CD44 for each indicated NK cell subset grouped by tissue of origin. c Heatmap showing the hNK_Bl1 and hNK_Bl2 gene expression profiles of
each of the three healthy human bone marrow and the four splenic NK cell subsets. d Violin plot representing the distribution of the module
score for CD160 for each indicated NK cell subset grouped by tissue of origin.

Reply to ‘Comment to: Single-cell profiling reveals the trajectories of. . .
A Crinier et al.

1351

Cellular & Molecular Immunology (2021) 18:1350 – 1352



(2) We showed that hNK_Bm2 cells resembled hNK_Sp2 cells
and that hNK_Bm3 cells were similar to hNK_Sp3 cells.1,3 In
addition, we found no difference in CD69 expression
between the hNK_Bm2 and hNK_Bm3 subsets but an
enrichment in CD44- and CD62L-encoding adhesion mole-
cules associated with homing and anchorage in the bone
marrow in the hNK_Bm3 transcriptomic signature (ref. 1 and
Fig. 1b). We thus originally proposed that NK0 cells
(hNK_Bm3 and hNK_Sp3) were tissue resident. However,
tissue residency features do not only rely on the expression
of few surface molecules but should be demonstrated by
formal recirculation experiments. In the absence of such
formal demonstration, NK0 (hNK_Bm3 and hNK_Sp3) cells
should rather be referred to as a “tissue-specific” rather than
a “tissue-resident” NK cell subset. However, we reanalyzed
our data and compared the blood, splenic and bone marrow
NK cell subsets. Both hNK_Bm2 and bone marrow NK0
(hNK_Bm3) cells exhibited similar enrichment in the
hNK_Bl2 transcriptomic profile (Fig. 1c, upper panel). The
same pattern was observed when comparing the hNK_Sp2
and splenic NK0 (hNK_Sp3) subsets to the hNK_Bl2 subset
(Fig. 1c, lower panel). These results suggested that an
intermediate NK0/NK2 CD56bright subset could be found in
the blood. We stated and showed at both the transcriptomic

and protein levels that CD160 and CD52 could be used to
differentiate NK0 (CD52+CD160−) and NK2 (CD52−CD160+)
CD56bright subsets in the spleen and bone marrow.1,3

However, in line with its absence at the transcriptomic level
in the blood (not found in the hNK_Bl2 gene signature)
(Fig. 1d) and in agreement with Melsen et al. comment,5 we
should have made it more clear that CD160 was not present
in the blood at the protein level. As such, we would like to
offer a modified version of our original Supplementary Fig.
4, in which the blood contains two subsets of NK cells, one
resembling CD56dim-NK1 cells and one resembling
CD56bright-NK0/2 cells, the latter subset representing an
intermediate population between tissue-specific “true”
CD56bright (NK2) cells and NK0 progenitors1 (Fig. 2).

In conclusion, given the current data available, we maintain that
across all healthy donors, only two subsets of NK cells were found
in the blood, while three were identified in the bone marrow and
spleen. A minor subset of the CD56bright/NK0 NK cell population
expressing CD52 possibly generates both the CD56dim-like/NK1
NK cell subset and the other CD56bright/NK2 NK cell subset
expressing CD160.
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Fig. 2 Schematic representation of NK0 CD56bright subset differ-
entiation into NK1 CD56dim and NK2 CD56bright subsets in the bone
marrow and spleen. Dichotomous cell surface expression of CD52
and CD160 distinguished the NK0/CD56bright subset from the NK2/
CD56bright subset in organs. In the blood, the NK1 subset is present
with a CD56bright-NK0/2 subset, and the latter represents an
intermediate population between tissue-specific “true” CD56bright

cells and progenitors. HuNK_Sp4 appears to be a more mature state
of NK1 cells that was found only in the spleen.
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