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Orphan NKs! The mystery of
the self-renewing NK cells
-----------------------------------------------------------------------------------------------------

Kate Stringaris NATIONAL INSTITUTES OF HEALTH

Like children alive when their parents have not been born, there is a population of
natural killer (NK) cells which appear to be self-renewing, according to 2 articles
in this issue of Blood. Corat et al and Schlums et al take us closer to this
mystery by answering the question: is ongoing production from hematopoietic
stem and progenitor cells (HSPCs) required to maintain NK-cell homeostasis
in humans?1,2

What is the answer? NK cells, comprising
2% to 10% of our lymphocyte

population, are important first-line killers of
virally infected or malignant cells. NK cells are
thought to develop directly from bone marrow
HSPCs, maturing in the periphery from
CD56bright NK cells to cytotoxic CD56dim

cells. When they come across a malignant or
virally infected cell, mature CD56dim NK cells
kill via release of granules containing perforin
and granzyme, production of cytokines
interferon g (IFN-g) and tumor necrosis factor
a, and engagement of death receptors. The
signal to kill occurs via direct contact of NK

surface receptors with a target cell, via
stimulation with humoral cytokines including
interleukin-12 (IL-12) and IL-18, or
engagement of the low-affinity FcR CD16.

Typical NK cells (the authors use the
Greek-derived word “canonical” to describe
these) have a half-life of 14 days.More recently,
a new population of “adaptive” NK cells
has been described in the context of
cytomegalovirus (CMV) infection or response
to vaccines. Although the mechanism for
memory maintenance is unclear given the lack
of rearranged antigen receptors, these cells can
maintain immunological memory long-term
similar to T cells.3-5 Adaptive NKs show
diminished responses to IL-12 and IL-18 but
retain the ability to degranulate and produce
cytokines in response to FcR CD16
engagement.6,7 Schlums et al and Corat et al
provide evidence for long-lived NK cells of
the adaptive phenotype. One of the striking
features of these NK cells is that they do not
require ongoing production fromHSPCs; they
are, in a way, self-renewing.

Recent evidence for self-renewing NK cells
in macaques by Dunbar et al using bar-coding
studies showed limited clonal overlap between
CD56dim NK and other hematopoietic cells
including CD56bright NK cells.8 Clinical
and murine adoptive transfer studies have
also recently provided evidence for in vivo
proliferation and persistence of mature NK
cells.9,10 The authors take this 1 step further in
human patients by making innovative use of
naturally occurring disease models to identify
hematopoietic progenitors and their progeny
and show that there is a population of adaptive
NKs circulating which are maintained
independently from HSPCs for many years.

Schlums et al use the model of GATA-2.
Patients with autosomal-dominant loss-of-
functionmutations inGATA-2 (a transcription
factor required for HSPC survival and
proliferation) have high mortality. They
generally lose their hematopoietic progenitors,
resulting in a progressive loss of monocytes,
dendritic cells, andB andNK cells, and present
with severe infections from mycobacteria,
human papillomavirus and herpesviruses,
cytopenias, myelodysplastic syndrome, or
acute myeloid leukemia. In GATA-2–mutated
patients without NK progenitors, or in
whom hematopoietic progenitors have been
lost, we expect no mature NK cells, yet
Schlums et al detect NK cells in the peripheral
blood of these individuals. They are,
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however, NK with a twist, having this atypical
phenotype recently described as “adaptive”
that resembles T cells in some ways. Unlike
the typical mature CD56dimNKcells described
above, adaptive NK cells have a particular
phenotype (PLZFlow, FceRg2, SYK2,
EAT-22). In vitro functional studies prove
these long-lived NK cells can produce IFN-g
in response to FcR engagement but not
following IL-12 and IL-18 stimulation,
consistent with previous descriptions of
adaptive NK cells.

Corat et al shed yet more light on the
mystery of orphan NK cells using the model of
paroxysmal nocturnal hemoglobinuria (PNH).
Patients with this disease have somatic
X-linked mutations in PIGA which encode
an enzyme essential for the synthesis of
glycosylphosphatidylinositol (GPI) cell
membrane proteins, including those protecting
cells from complement-mediated red cell lysis.
Patients can have stable levels of GPI-positive
(GPIpos) and GPI-negative (GPIneg) red cells
and neutrophils for many years, reflecting
ongoing output from both mutated and
unmutated HSPCs. In PNH, offspring of
mutated and unmutated HSPCs can be
identified by flow cytometric quantification
of their surface GPI anchors. Knowing
neutrophils mature directly from HSPCs, the
authors use neutrophil GPI expression as an
indirect measure of what is happening at the
progenitor level in real time. If NK cells were
all produced continuously from the same pool
of HSPCs, we would expect the proportion of
GPIneg NK cells to be similar to the proportion
of GPIneg neutrophils. However, we find that
circulating NK populations, particularly
adaptive NK, have only small proportions
of GPIneg cells and NK cells from clones still
normally expressing GPI persist longer than
would be expected, suggesting the circulating
GPIposNKcells are propagating independently
of HSPCs (see figure). The lower proportions
of GPIneg NK cells in the circulation are in
fact close to that of T cells which we know
can propagate independently, suggesting
NK cells do likewise.

The concept of self-renewing NK cells is
very recent and characterizing them in humans
is novel. These articles also make unique
use of naturally occurring stem cell mutations
to track progeny, which in these days of bar
coding and cell trackers, is elegantly simple.
These articles challenge current thinking about
NK-cell development.

But what does all of this mean? What
is the clinical significance of these longer-
lived NK cells? Can they be harnessed to
improve longevity of NK cellular therapies?
Certainly there is potential for the detailed
characterization provided in these articles to be
exploited in this way. With a typical 2-week
half-life, NK-cell therapy is a short-lived
anticancer strategy that can be repeated if
necessary. Strategies are under way to improve
the proliferation and persistence of adoptively
transferred NK-cell therapy using cytokines
such as IL-15, but selecting or specifically
expanding long-lived self-renewing NK cells
to transfer could avoid the potential side effects
of this and provide a pool of NK cells ready to
respond to relapse. Further questions remain
as to whether these newNK cells can kill tumor
or virally infected cells and ensure they are not
“exhausted” cells. If fully functional, as recent
data suggest,11 the findings presented could
potentially open the door to a new era of long-
lived NK-cell therapies.
Conflict-of-interest disclosure: The author declares

no competing financial interests. n

REFERENCES
1. Corat MAF, Schlums H, Wu C, et al. Acquired
somatic mutations in PNH reveal long-term maintenance
of adaptive NK cells independent of HSPCs. Blood. 2017;
129(14):1940-1946.

2. Schlums H, Jung M, Han H, et al. Adaptive NK cells
can persist in patients with GATA2 mutation depleted
of stem and progenitor cells. Blood. 2017;129(14):1927-1939.

3. Reeves RK, Li H, Jost S, et al. Antigen-specific
NK cell memory in rhesus macaques. Nat Immunol. 2015;
16(9):927-932.

4. O’Leary JG, Goodarzi M, Drayton DL, von Andrian
UH. T cell- and B cell-independent adaptive immunity
mediated by natural killer cells. Nat Immunol. 2006;7(5):
507-516.

5. Sun JC, Beilke JN, Lanier LL. Adaptive immune
features of natural killer cells. Nature. 2009;457(7229):
557-561.

6. Lee J, Zhang T, Hwang I, et al. Epigenetic modification
and antibody-dependent expansion of memory-like NK
cells in human cytomegalovirus-infected individuals.
Immunity. 2015;42(3):431-442.

7. Schlums H, Cichocki F, Tesi B, et al. Cytomegalovirus
infection drives adaptive epigenetic diversification of NK
cells with altered signaling and effector function. Immunity.
2015;42(3):443-456.

8. Wu C, Li B, Lu R, et al. Clonal tracking of rhesus
macaque hematopoiesis highlights a distinct lineage origin
for natural killer cells. Cell Stem Cell. 2014;14(4):486-499.

9. Szmania S, Lapteva N, Garg T, et al. Ex vivo-
expanded natural killer cells demonstrate robust
proliferation in vivo in high-risk relapsed multiple
myeloma patients. J Immunother. 2015;38(1):24-36.

10. Sun JC, Beilke JN, Bezman NA, Lanier LL.
Homeostatic proliferation generates long-lived natural
killer cells that respond against viral infection. J Exp Med.
2011;208(2):357-368.

11. Romee R, Rosario M, Berrien-Elliott MM, et al.
Cytokine-induced memory-like natural killer cells exhibit
enhanced responses against myeloid leukemia. Sci Transl
Med. 2016;8(357):357ra123.

DOI 10.1182/blood-2016-12-755546

l l l LYMPHOID NEOPLASIA

Comment on Rossi et al, page 1947

A flood of information
from drops of blood
-----------------------------------------------------------------------------------------------------

Eric D. Hsi CLEVELAND CLINIC

In this issue of Blood, Rossi et al demonstrate that the “liquid biopsy” has a future
in the management of patients with lymphoma.1

C irculating tumor DNA (ctDNA) is the
component of cell-free DNA (cfDNA)

released into serum from tumor cells as a result
of apoptosis, necrosis, and secretion. Over the
last few years, researchers have begun to
explore the possibility of diagnosis and
monitoring of solid tumors using cfDNA.

In this proof-of-principle study, plasma
samples were collected pretreatment, during
rituximab-cyclophosphamide-doxorubicin-
vincristine-prednisone (R-CHOP)

immunochemotherapy, after therapy, and at
progression from 30 patients with de novo
diffuse large B-cell lymphoma (DLBCL).
cfDNA was isolated and subjected to next
generation sequencing (NGS) using a target
capture strategy designed to test for mutations
in 59 lymphoma-associated genes to a depth
of at least 1000 times coverage in 80% of
gene targets. Germ line DNA from patient
granulocytes was also evaluated to ensure
mutations detected were not spurious. At
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