
Potential of autologous NK cell therapy
to eradicate leukemia

“Education is [not] the best provision
for old age” -Aristotle
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B-precursor acute lymphoblastic leukemia (BP-ALL) patients are immunocompromised. We recently reported that
functional natural killer (NK) cells can be grown from patient bone marrow and blood samples at diagnosis. Surprisingly,
such NK cells exhibit cytotoxicity against autologous BP-ALL cells. Here, we outline unanswered questions, challenges
and possible applications associated with these findings.

BP-ALL involves massive expansion of
one type of hematopoietic cell at the
expense of normal hematopoiesis, which
may be further compromised by chemo-
therapy. As a consequence, numbers of
endogenous innate immune effectors,
such as NK cells, are likely to be severely
reduced. In addition, it is not clear if
residual NK populations include cells
with ability to mount spontaneous or anti-
body-stimulated cytotoxicity against ‘self’
BP-ALL cells.

Classical NK cells are part of the
innate immune system and are generated
de novo from bone marrow precursors.
However, it is possible to significantly
expand NK cell numbers even from
peripheral blood by ex vivo co-culture
with artificial antigen-presenting cells.1-3

When we found that clinical pediatric
BP-ALL samples retained at least some
NK cells, we asked whether it would be
possible to expand their numbers
through co-culture with artificial anti-
gen-presenting K562 cl9.mbIL-21 cells.
Surprisingly, CD56C CD3-NK cells
grew out from all 19 primary pre-B ALL
peripheral blood or bone marrow co-cul-
ture samples. Moreover, we measured
significant autologous spontaneous and

antibody-stimulated activity of NK cells
amplified from four pediatric BP-ALLs
samples.4

Autologous adoptive cell therapy with
ex vivo expanded NK cells could have sig-
nificant applications. However, many
questions are raised, and answering them
would seem critical to be able to formulate
the most effective uses. The exact mecha-
nisms that yield a cohort of NK cells able
to lyse autologous BP-ALL cells in the
presence or absence of antibodies are
unknown. The initial population of NK
cells used for expansion presumably lacks
anti-leukemia activity (Fig. 1A). Up to
30,000 phenotypically distinct NK subsets
may exist, probably generated by environ-
mental cues.5 Thus, ‘educated’ cells within
NK populations in the microenvironment
of BP-ALL may express excessive inhibi-
tory KIRs for MHC class I and ‘non-edu-
cated’ NK cells may also be present that
became anergic due to chronic overstimu-
lation by the presence of BP-ALL cells.6

Although we do not know if co-culture
with K562 cl9.mbIL-21 cells in the pres-
ence of IL-2 causes selective outgrowth of
a specific subset of NK cells present as a
minority in the original population, it is
plausible that all the NK cells expanded in

the absence of autologous MHC class I
are ‘uneducated’ and also express high lev-
els of activating receptors (Fig. 1B). In
view of the probable plasticity of NK
cells,7 the question then arises to what
extent these cytotoxic properties persist
when these cells are re-introduced into the
microenvironment of the BP-ALL cells
(Fig. 1C). If the tumor burden is high,
NK cells may be overwhelmed by frequent
encounters with autologous ALL cells in
the bone marrow, leading to loss of cyto-
toxic phenotype (Fig. 1D). This could be
exacerbated by a low glucose/high lactate
microenvironment modified by the pres-
ence of massive numbers of BP-ALL cells,
or the lack of NK activity-promoting cyto-
kines. Based on this, we propose that
adoptive cell therapy with expanded NK
cells alone or in combination with anti-
bodies may be most effective under cir-
cumstances in which lower BP-ALL cell
numbers are present and the bone marrow
microenvironment is pro-inflammatory,
that is, after induction therapy and upon
evidence for the presence of minimal
residual disease.

On the other hand, a renewed encoun-
ter with autologous BP-ALL cells in the
bone marrow may be a stimulus for
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persistent cytotoxicity of expanded NK
cells (Fig. 1E). There is now evidence
from mice that NK cells can remember
and react strongly to previously encoun-
tered antigens. The 900-fold expansion of
mouse NK cells when re-exposed to
MCMV 8 in vivo suggests that the co-cul-
tures used by us and others to expand NK
cells may be an approximation of what
happens in nature. Since K562 cl9.mbIL-
21 cells are (Ph-positive) leukemia cells,
and were moreover engineered to express
a truncated form of the B-lineage marker
CD19, NK cells co-cultured with them
may have been programmed to express a
combination of activating and inhibitory
receptors that are particularly useful to
attack BP-ALL cells.

If the activated NK cell phenotype is
rapidly lost in vivo, repeated infusions of
very large numbers of ex vivo-activated
NK cells may be needed. Because these are
autologous cell preparations, the concern
for contaminating T cells that could cause
GvHD does not seem to be an issue. Also,
no past clinical or preclinical studies have
documented any adverse effects attribut-
able to NK cells obtained and expanded
using a variety of methods, providing

empirical evidence for the general ability
of NK cells to distinguish ‘cancer self’
from ‘non-cancer self’. Nonetheless, it is
currently not clear if the changes in acti-
vating and inhibiting receptor expression
that we and others have measured by
FACS on the surface of activated NK
cells1-4 and that are consistent with expan-
sion of an NK subset that is not
‘educated",6 could also result in targeted
or accidental elimination of non-cancer
cells such as those of the endothelium.

Specificity and effectiveness of NK
cells could be enhanced by use of anti-
bodies, such as those against the BAFF-
R.9 A relatively proximal clinical appli-
cation of autologous expanded NK cells
could be in purging of stem cell grafts
for autologous bone marrow transplants
in elderly patients. The presence and
carryover of possible contaminating
T-cells in the NK cell preparation
would not be a confounding factor, and
the eradication of residual leukemia
cells in this application would be rela-
tively easy to accomplish because NK cells
can be used that are freshly activated. An
important question in this context is if there
is a decline in replicative potential of NK

cells from older, or elderly leukemia patients.
Although Denman et al. 1 reported
increased telomere length in NK cells from
normal donors expanded on K562 cl9.
mbIL-21, it is not known if replicative senes-
cence will be reached much earlier in co-cul-
tures with older NK cells.

As cellular anti-leukemia therapy,
autologous NK cells combined with anti-
bodies have distinct advantages compared
to T-cells, including the lack of require-
ment for prior antigen exposure and sensi-
tization for initial function. However, as
reviewed by Bachanova and Miller,10 poor
in vivo survival of NK cells is one of the
limitations noted for NK cell therapies
tested in the past. Thus experiments will
need to be performed to address how
degranulation can be prevented, and sur-
vival ensured, of these highly activated
NK cells after injection into the circula-
tion. We also need to determine if acti-
vated NK cells need to be programmed to
migrate into the protective bone marrow
niche where minimal residual disease BP-
ALL cells can persist. Solving these prob-
lems may finally allow us to remove the
word ‘potential’ associated with the term
‘NK cell therapy’.

Figure 1. Fate of autologous NK cells expanded ex vivo. NK cells express a number of different activating (green) or inhibitory (red) receptors. NK cells
present in the bone marrow of patients with BP-ALL are presumed to not, or no longer, react to autologous leukemia cells, which should be recognized
as abnormal (A). Once removed from the tumor microenvironment and exposed ex vivo to artificial antigen-presenting K562 cl9 mbIL21 cells, the NK cells
encounter a novel combination of co-stimulatory signals in the absence of self MHC class I, resulting in vigorous outgrowth and increased expression of
CD16 and NKG2D (B). These expanded NK cells now ‘see’ autologous BP-ALL cells as valid targets for cytotoxicity (C). The long-term persistence of this
phenotype in vivo is unknown, and can result in the renewed development of ignorance/indifference regarding the presence of abnormal autologous
BP-ALL cells (D) or eradication of BP-ALL (E).
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