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Abstract

Based on data obtained from oral, pancreatic and lung cancers, glioblastoma, and melanoma, we
have established that Natural Killer (NK) cells target cancer stem-like cells (CSCs). CSCs
displaying low MHC class I, CD54, and PD-L1 are killed by cytotoxic NK cells, and are
differentiated by split anergized NK cells through both membrane bound and secreted forms of
TNF-a and IFN-y. NK cells select and differentiate both healthy and transformed stem-like cells,
resulting in target cell maturation and shaping of their microenvironment. In our recent studies, we
have observed that oral, pancreatic and melanoma CSCs were capable of forming large tumors in
humanized bone marrow, liver, thymus (hu-BLT) mice with fully reconstituted human immune
system. In addition, major human immune subsets including NK cells, T cells, B cells and
monocytes were present in the spleen, bone marrow, blood, and tumor microenvironment. Similar
to our previously published /n vitro data, CSCs differentiated with split anergized NK cells prior to
implantation in mice formed smaller tumors. Intravenous injection of functionally potent
osteoclast-expanded NK cells inhibited tumor growth through differentiation of CSCs in
humanized mice. In this review, we present current approaches, advances and existing limitations
in studying interactions of the immune system with tumor, in particular NK cells with CSCs in, in
vivo preclinical hu-BLT mouse model. In addition, we discuss the use of osteoclast-expanded NK
cells in targeting cancer stem-like tumors in humanized mice - a strategy that provides a much-
needed platform to develop effective cancer immunotherapies.
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Osteoclast-expanded human NK cells with superior ability to kill and differentiate cancer stem-
like cells result in growth inhibition of stem-like tumors in BLT humanized mice.
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Natural Killer cells select and differentiate healthy and transformed stem

cells

There is increasing evidence that many human tumors contain a stem-like population, known
as cancer stem-like cells (CSCs), which are capable of self-renewal and sustain tumor
growth. Our lab, as well as others, has previously shown that Natural Killer (NK) cells target
both normal hematopoietic stem cells (HSCs) and malignant stem-like cells [1-3]. NK cells
lose the ability to mediate cytotoxicity and down-modulate CD16 receptor expression upon
interaction with CSCs, while they maintain high levels of interferon- y (IFN-y) secretion, a
functional outcome that we have previously coined as split anergy [4-8]. In contrast,
differentiated tumor cells neither induce down-modulation of CD16 nor induce split anergy
in NK cells [5,9].

Based on our data obtained from a number of tumors including oral squamous cancer cells,
glioblastoma, melanoma, pancreatic and lung cancer, we have established that CSCs with
low major histocompatibility complex (MHC) class I, CD54, and PD-L1 (also known as
programmed death-ligand 1, B7H1) expression are Killed by cytotoxic NK cells, while the
remaining CSCs can be differentiated by split anergized NK cells through cell-cell contact
and secretion of membrane bound and secreted forms of tumor necrosis factor-a (TNF-a)
and IFN-vy, respectively [10]. We have also shown that differentiation by split anergized NK
cells leads to growth inhibition of CSCs and upregulation of MHC class I, CD54 and PD-L1
expression, resulting in resistance of differentiated tumor cells to NK cell-mediated
cytotoxicity [10,11].

Studies conducted using mice have provided valuable insights into the tumor and immune
cell interactions. However, despite overall structural similarity, human and murine immune
systems are significantly different. The major immune cells in human blood are neutrophils
(50-70%), while lymphocytes constitute only 30-50%. The proportions in murine blood are
quite distinct: the majority of cells are lymphocytes (75-90%), with B cells being the most
abundant [12]. Major differences have also been noted between human and mouse innate
immune systems (reviewed in [12]). Although proportions of NK cells in murine and human
blood are similar, their phenotypes and activation dynamics are quite distinct [12,13]. CD37/
CD16*CD56%™ phenotype is typical for human cytotoxic NK cells, whereas the regulatory
CD37/CD16'ow/negcpsabright NK cells mediate differentiation of stem cells in humans
[2,14]. Murine NK cells can be characterized by DX5 expression and CD11b*/CD27~ and
CD11b~/CD27* phenotypes, respectively [13,15,16]. We have recently shown that primary
non-activated human NK cells are able to mediate cytotoxicity, and upon interleukin-2
(IL-2) activation, significantly increase their cytotoxic potential against a number of human

Cancer Immunol Immunother. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kozlowska et al.

Page 3

stem-like tumors after a short period of activation. In contrast, naive murine NK cells do not
mediate significant cytotoxicity and require an extended period of IL-2 activation to become
cytotoxic against the majority of tumor targets [17]. Human NK cells use killer-cell
immunoglobulin-like receptor (KIR) family members as inhibitory receptors for MHC class
I molecules whereas murine NK cells rely on Ly49 protein family members with highly
divergent structures. In addition, human NKG2D receptors bind to MICA, MICB and/or
ULBP 1-6 ligands, whereas mouse ligands for NKG2D include HAE60 and Raelf} [12,13].
Therefore, investigators with an interest in studying the role of NK cells in tumor immunity
should consider these differences when using mice in pre-clinical models of human cancers.

In this review, we discuss current strategies, advances and existing limitations in studying
interactions of the immune system, in particular NK cells with cancer cells in humanized
mice - the best available preclinical model to test novel cancer immunotherapies. In addition,
we present our recent studies that demonstrate the potential use of human NK cells in /in vivo
selection and differentiation of cancer stemlike tumors in hu-BLT mice.

NK cells in xenogeneic implantation of human cells

The use of athymic nude (FoxnZ) mice that are T cell deficient, and severe combined
immunodeficiency (scid) mice initiated an era of immunodeficient mice for
xenotransplantation [18-20]. Nude mice, the oldest mouse model, have an intact humoral
adaptive system and innate immune system characterized by high NK cell activity, which
limits engraftment with most primary solid human tumors and virtually disqualifies
engraftment of normal or malignant human hematopoietic cells ([21], Table 1). The
discovery of the spontaneous “scid” mutation in the C.B17 strain [18], allowed for
engraftments of a broader range of human solid tumors that could not persist in nude mice
([22], Table 1).

The rejection of tumor and hematopoietic xenografts was partially overcome with the
development of the non-obese diabetic (NOD)-scid'strain via introduction of the Prdkcc/@
mutated gene from C.B17-scid mice into a NOD inbred strain with several impairments in
innate immunity [23]. The resulting NOD-scid mice were deficient in NK cells [24,25].
Although NOD-scid mice support the growth of a large number of solid tumors and
hematological malignancies, still a portion of tumors fails to engraft or grow efficiently,
mainly due to the remaining NK cell activity and other residual innate immune functions
([24,26], Table 1).

The most recent introduction of a genetically engineered complete null mutation of the
interleukin 2 receptor subunit gamma (IL2RG) into the NOD-scid mice gave rise to one of
the most immunodeficient strains known to date - NOD-scid IL2RG™!! (NSG) [27]. NSG, as
well as NOD-Rag1"u!L2RGMU!l (NRG) strains are profoundly immunodeficient, which is
the key feature that supports growth of various malignancies, and most importantly,
differentiation of human HSCs into multi-lineage subsets ([28,29], Table 1).
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Various strategies have been implemented to create humanized mice with modifications in
the source and type of donor cells, injection route, recipient age, type of transplanted cells,
irradiation source and surgical implantation of human tissues to support immune cell
reconstitution. One of the simplest approaches involves injection of immunodeficient mice
with human peripheral blood mononuclear cells (PBMCs) obtained from healthy donors or
patients [30,31]. Peripheral blood mononuclear cells circulate in the blood and either die or
migrate to other tissues, but the utility of such mice is limited to short term experiments as
mature immune cells circulating in the body initiate graft versus host (GvHD) disease
against murine recipient [32]. CD34" cells injected into newly born or adult NSG mice
stably engraft bone marrow and are capable of differentiating into all the hematopoietic
lineages of the human immune system. The major limitation of the CD34* humanization
model is the lack of human thymus ([28], Table 1). The hu-BLT represent the most advanced
and complete humanization model created to date [28]. The engraftment protocol includes
surgical implantation of human fetal liver and thymus under the renal capsule of NSG mice
followed by the intravenous injection of CD34* hematopoietic cells from the same donor to
support full reconstitution of human bone marrow [33,34]. Positive and negative selection of
developing T cells in such mice occurs in the presence of human thymus. Hu-BLT is the
only known humanized mouse model that displays mucosal immunity [35]. HSCs develop,
at least to some extent, into T, B, NK cells, monocytes, myeloid-derived suppressor cells
(MDSCs), macrophages, dendritic cells (DCs), erythrocytes, and platelets in tissues of hu-
BLT ([29,36-38], Table 1). Long-term peripheral reconstitution of human CD45* immune
cells is usually within the 30-80% range as detected in the blood, spleen and bone marrow
(Figure 1, manuscript in preparation). Human immune cells are detected in the reproductive
tract of females, intestines and rectum [39,40], and gingiva (manuscript in prep). As
demonstrated by Stoddart et al. hu-NSG-BLT mice have substantially higher levels of human
leukocyte reconstitution in peripheral blood than hu-NOD-sciad-BLT mice [35]. However, the
immune system suffers from several weaknesses, including the poor development of
antigen-specific antibody response [41]. The above features make NSG-based hu-BLT mice
arguably the best available model for studying human immunity, thus far.

Based on our previous data, we selected human oral squamous cancer stem cells (OSCSCs)
as a candidate to test tumor initiation and growth in the presence of the non-
histocompatibility leukocyte antigen (HLA) matched mature immune system in hu-BLT
mice [1,10]. We found that non-HLA matched OSCSCs were not rejected when injected 8—
12 weeks after reconstitution of the human immune system and they could form visible
tumors in the oral cavity of humanized animals. We also observed infiltration of major
human immune subsets including NK cells, T cells, B cells and monocytes in the tumor
microenvironment. Interestingly, OSCSCs that were differentiated with split anergized NK
cell supernatants containing TNF-a and IFN-y prior to injection grew much slower in
humanized mice. Similarly, we demonstrated the growth of cancer stem-like pancreatic
tumors and melanoma in hu-BLT mice, whereas /in vitro differentiation of pancreatic CSCs
before injection led to upregulation of surface receptors including MHC class | and inhibited
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growth of tumor cells, both in culture systems and formation of tumors /7 vivo (manuscript
in preparation). Our data is consistent with JAX laboratories, which demonstrated growth of
Patient-Derived Xenografts (PDXs) of different origins in CD34* hu-mice without prior
matching (unpublished data). However, because differentiation stages of those PDXs were
not known, it is likely that those tumors contained CSC populations, capable of giving rise to
primary tumors in the presence of competent T cells.

In a study by Vatakis, two different melanoma cell lines derived from patients were
successfully implanted in hu-BLT mice and treated with T cell based immunotherapy [42].
Interestingly, in our studies, NSG immunodeficient mice developed relatively larger tumors
with faster kinetics when compared to hu-BLT mice. Similarly, mice bearing K562
erythroleukemia tumors and injected with CD34* HSC progenitors survived significantly
longer in comparison to their K562 bearing immunodeficient Balb/c Rag2~/~ yc 7/~
counterparts suggesting growth inhibition of malignant cells by reconstituted human
immune cells [43].

Our lab have demonstrated that aggressive stem-like tumors, including melanoma, oral and
pancreatic CSCs, are characterized by low classical MHC class | expression and therefore,
may be resistant to recognition and lysis by engrafted allogeneic T cells that could, in part,
explain the lack of rejection of cancer cells in mice by non-HLA-matched immune cells
([1,10,11], manuscript in preparation). However, cancer cells lacking MHC class |
expression should be susceptible to lysis by NK cells. Collectively, the data that we, and
others, have obtained suggest that autologous NK cells reconstituted in humanized mice
might be lower in number and function to effectively prevent CSCs from establishing and
growing.

Little is known about the phenotype and function of NK cells in humanized mice.
Accumulated evidence suggests that NK cell numbers and functions in both CD34" and hu-
BLT mouse models do not precisely reflect those observed in humans [41,44-47]. Along
with others, we have also observed low frequencies and decreased cytotoxicity of NK cells
in blood, bone marrow, spleen and liver of humanized animals in comparison to data
obtained from human blood. Implantation of stem-like tumors further decreased cytotoxicity
and cytokine secretion of reconstituted NK cells (manuscript in preparation).

NK cell development and maintenance is regulated by a variety of factors, 1L-15 being one
of the most important [48,49]. Deficiency in IL-15 has been shown to result in the absence
of mature NK cells in both mice and humans [50,51]. It has been demonstrated that NK cells
were developed in CD34* Balb/c Rag2~/~ IL2Ry™~ humanized mice in the absence of
IL-15, however, they were detected in much lower numbers, mainly in thymus and lymph
nodes [44]. These NK cells displayed CD56P119"/CD16™~ phenotype similar to NK cells
isolated from human lymph nodes. Following 24-hour activation with 1L-2, CD56°riaht/
CD16™ NK cells secreted IFN-vy but did not mediate cytotoxicity [52]. A decrease in
cytotoxicity accompanied by significant IFN-y production and CD56PM9Mt phenotype is also
the hallmark of split anergized NK cells treated with IL-2+CD16mAb [11]. Chen et al. also
showed that human NK cells were detected at very low percentages in blood, bone marrow,
lung, spleen and liver of CD34* NSG hu-mice.
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The delivery of human IL-15/ IL-15Ra, but not 1L-15 alone drastically improved NK cell
development in bone marrow of humanized mice [46]. Strowig et al. demonstrated that NK
cells reconstituted from human HSCs in NSG mice were present in all blood-perfused
organs including spleen, liver, bone marrow and lungs [38]. However, about 50% of those
reconstituted NK cells expressed NKp46* but not CD56, and thus resembled immature
NKp46*/CD56~ NK cells found in human cord blood (CB). Consistently, both reconstituted
NK cell populations and CB NK cells are reported to have decreased cytotoxicity and
significantly lower cytokine production when compared to NK cells from human blood, but
those functions can be restored with either IL-15 or polyinosinic:polycytidylic acid
(poly(I:C)) treatment. Interestingly, several groups reported the presence of NKp46*/CD56~
“resting” or “immature” NK cell phenotype in humanized models that could explain
differential function and activation of reconstituted NK cells in comparison to human
peripheral NK cells [46,53,54]. These findings collectively suggest the pre-activation
requirement for reconstituted NK cells in humanized mice in order to obtain fully functional
and potent NK cells that can mimic human adult peripheral blood NK cells. Whether
NKp46*/CD56~ subsets are immature NK populations or those that have interacted /n vivo
with the targets and subsequently down-modulated CD56 surface receptors requires further
investigation.

NK cell receptor downregulation as the potential mechanism for the

detection of low NK cell frequencies in hu-BLT

Human NK cells are detected and further divided into cytotoxic and regulatory phenotypes
using common NK cell surface receptors such as CD16 and CD56. Among four stages of
NK cell maturation, CD16*CD569MCD69~ NK cells are found to select and kill stem cells,
whereas the regulatory CD16-CD56P119"MCD69* NK cells mediate differentiation [2,55]. In
addition, expression of activating receptors such as NKp30, NKp44 and NKp46 is used to
determine frequency and activation status of NK cells [55,56].

It is known that the cytotoxic function of NK cells is suppressed in the tumor
microenvironment by a number of distinct factors, and decreased peripheral blood NK cell
cytotoxicity has also been reported in cancer patients. In addition, NK cell cytotoxicity is
suppressed after their interaction with undifferentiated cells, such as CSCs or immature
immune cells including monocytes, which leads to a gain in NK cell regulatory function. As
a result of interaction of NK cells with CSCs, downregulation of CD16 receptor, as well as
other activating receptors, has been reported in a variety of tumors, which correlates with
disease progression [57-60]. In this regard, we have also analyzed the frequencies of
circulating CD37/CD147/CD197/CD16~/CD5649™/"¢9 NK cells in stage 111 and IV
progressing melanoma patients, and found higher percentages of CD16 and CD56 receptor
low/negative NK cells in these patients in comparison to stage || melanoma patients
responding to therapy, as well as healthy individuals (manuscript in preparation). The
increased frequencies of such receptor low/negative NK cells in patients with advanced
stages of cancer may be the result of prior receptor triggering, potent signaling and eventual
down-modulation of these NK cell receptors by CSCs, making such NK cells virtually
undetectable if these receptors are used for their identification.
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Similar receptor down-modulation may also occur for NK cells in the xenogeneic
environment of humanized mice. It has been reported that reconstituted NK cells display
“immature” or “anergized” phenotypes that can be characterized by downregulation of
several receptors including CD16 [38,45,47]. NKp46*/CD56M89 NK cells of similar
phenotype to human CB NK cells have also been detected in CD34" humanized mice [61].

The downregulation of receptors commonly used for NK cell detection and phenotyping
raises questions regarding the true frequencies of NK cells in cancer patients as well as in
humanized mice. In our recent /n vivo studies, we have observed that autologous human NK
cells isolated from hu-BLT mice with or without tumors expressed very low levels of
common NK cell receptors and were also poorly cytotoxic. Similar receptor down-
modulation to those of autologous NK cells was also observed when osteoclast-expanded
NK cells were injected into hu-BLT humanized mice (manuscript in preparation).
Interestingly, even though we could see very low numbers of NK cells using common NK
cell markers at the initiation of ex-vivo cultures, we could detect significant expansion and
numbers of NK cells after a week of culture with IL-2. Further ex-vivo expansion and IL-2
activation of such cells not only led to restoration of NK cell receptor expression but also
augmented cytotoxicity.

To track distribution of osteoclast-expanded NK cells in various tissue compartments, those
cells were labeled with Paul Karl Horan fluorescent dye (PKH-26) prior to intravenous
injection into tumor bearing hu-BLT animals. Indeed, PKH-26-stained NK cells could be
detected in various tissue compartments including those in the tumor microenvironment,
even though no or much lower frequencies of NK cells were identified using NK cell
receptor surface expression (Fig. 2, manuscript in preparation). Thus, such observations
underscore the need for novel or improved detection methods to determine the true
frequencies of receptor-low NK cells /n vive.

Adoptive transfer of ex vivo osteoclast-expanded NK cells eliminated

cancer stemlike tumors in hu-BLT mice

As of today, very few reports have shown functional NK cell responses against tumors in
humanized mice. Chen and colleagues demonstrated that IL-15 cytokine-induced NK cells
isolated from CD34* hu-mice mediated cytotoxicity against K562 cells and their treatment
with poly(1:C) or culture with DCs triggered secretion of IFN-y [45]. Consistently, NK cells
that were not activated by IL-15 did not produce IFN-y, even after poly(l:C) treatment. In
addition, CD34" hu-mice injected systemically with K562 erythroleukemia tumors were
able to clear tumors over a long period of time, whereas CD56-depleted animals and
immunodeficient mice were not protected by human CD56* cells and had detectable K562
cells in all major body compartments. Moreover, splenocytes isolated from tumor bearing
animals produced much more IFN-y when re-stimulated with K562 cells in comparison to
naive mice [43].

Wege and colleagues found increased frequencies and activation of NK cells in humanized
tumor mice (HTM) that were generated by simultaneous co-injection of HSCs and tumor
cells [54]. NK cell numbers and activation were higher in HTM in comparison to naive

Cancer Immunol Immunother. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kozlowska et al.

Page 8

tumor-free humanized mice and IL-15/IL-15Ra further increased frequencies of mature
NKp46*/CD56* phenotype, as well as IFN-y production by these cells in HTM.
Collectively, cytokine-activated NK cells have the capacity to interact with NK cell sensitive
human tumors, however the precise mechanisms underlying elimination of these tumors by
NK cells are not known.

In order to overcome the requirement for IL-15 and compensate for the lower frequencies of
NK cells observed in humanized mice, we generated efficient ex vivo osteoclast-expanded
human NK cells for adoptive NK cell transfer therapy of human CSCs, using osteoclasts as
feeder cells. We have previously shown that this myeloid subset is a potent activator of NK
cells, and their effect on the induction of cytotoxicity and secretion of cytokines and
chemokines by NK cells is much stronger than when using monocytes or DCs [62]. Human
osteoclasts produce IL-15, IL-12, IL-18 and IFN-a, but not IFN-y; they express low levels of
MHC class | and 11, CD14, CD11b and CD54, and they do not upregulate MHC class |
surface expression when treated with either the combination of TNF-a and IFN-y or with
activated NK supernatants known to increase MHC class | expression [62]. Low expression
of MHC class | together with increased release of IL-15, IL-12, IL-18 and IFN-a may be the
main mechanisms by which osteoclasts are able to expand functionally potent NK cells
([62], manuscript in preparation). We have found that such osteoclast-expanded NK cells
proliferated to high numbers, displayed high cytotoxicity and much stronger IFN-vy secretion
in comparison to IL-2 and/or split anergized (IL-2+anti-CD16mAb activated) NK cells
freshly purified from the same donors, or even NK cells expanded with dendritic cells.
Indeed, with osteoclasts as feeder cells, we were able to expand and recover from 60 to 300
million highly potent NK cells from each primary NK cell (manuscript in preparation). We
have also shown that a single intravenous injection of one million osteoclast-expanded NK
cells into fully reconstituted tumor bearing hu-BLT mice mediated significant reduction of
oral and pancreatic tumor burden (manuscript in preparation). Osteoclast-expanded NK cell
injections also mediated significant therapeutic effect in a combination with whole cell
cancer vaccine in hu-BLT model of advanced melanoma (manuscript in preparation).
Importantly, no side effects were observed after delivery of allogeneic NK cells within
xenogeneic host microenvironment, and the mice remained active without showing any signs
of morbidity. We observed increased cytotoxicity and proliferation of NK cells isolated from
hu-BLT mice that received osteoclast-expanded NK cell adoptive transfer, with or without
tumors in comparison to autologous/intrinsic NK cells that were originally reconstituted in
hu-BLT mice. Moreover, tumor cells isolated from mice receiving adoptive transfer of
osteoclast-expanded NK cells demonstrated more differentiated phenotype, grew much
slower and had reduced capacity to attach to the plate and proliferate in comparison to non-
NK injected hu-BLT mice injected with the same tumors. Reduced growth rate of cancer
cells correlated with increased immune cell infiltration observed in tumors of expanded NK-
injected animals.

Enhanced function of osteoclast-expanded NK cells after /n vitro re-stimulation from mice is
likely due to activation of NK cells by cytokines and receptor binding and signaling by
osteoclasts. It has been suggested that NK cells which undergo prior cytokine activation
display the capacity to respond more robustly after reactivation with cytokines or via
engagement of activating NK receptors [63].
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It is believed that based on prior exposure, NK cells can significantly change the manner by
which they respond to later activation. It is well-established that freshly isolated “naive” NK
cells are poorly cytotoxic and do not spontaneously produce cytokines without activation
with IL-2, IL-15 or IL-18 cytokines and/or via CD16 receptor triggering [63]. It has been
demonstrated that cytokine pre-activated NK cells produce IFN-y upon transfer into naive
mice but have reduced regulatory capacity after 7 days. However, these cells could easily be
re-stimulated, and their secretory capacity can be restored if stimulated with cytokines
and/or by the engagement of their NK cell receptors with specific ligands, demonstrating
memory-like phenotype [63].

Future approaches in NK cell mediated immunotherapy

We conclude that the hu-BLT is the best available preclinical mouse model to study novel
therapeutic approaches in the context of a fully reconstituted immune repertoire. Decreased
NK cell function in humanized mice can be overcome by the adoptive transfer of ex vivo
derived, osteoclast-expanded human NK cells and/or by the delivery of differentiation-
promoting human cytokines or stable transduction of cytokine genes.

Our previous data [10,11] and current /n vivo studies indicate that NK cells are the main
immune effectors that select and differentiate CSCs, resulting in tumor growth inhibition and
cessation of chronic inflammation [11,1]. CSCs differentiated by NK cells become sensitive
targets for chemotherapeutic and radio therapeutic strategies [10]. Our recent findings show
a great promise for the use of NK cells in cancer immunotherapy since both autologous and
allogeneic NK cells can be expanded ex vivo using osteoclast-based strategy, in order to
substantially increase the numbers and the functional potency of NK cells before their
therapeutic transfer into cancer patients. Moreover, our data also demonstrates that the
adoptive transfer of osteoclast-expanded NK cells into hu-BLT mice initiates and enhances
recruitment of CD8* T cells to the tumor microenvironment. Significant upregulation of
MHC class | and PD-L1 on NK differentiated stem-like tumor cells /n vivo should provide
the means for effective T cell based immunotherapies and susceptibility of tumor cells to
immune checkpoint inhibitors. Therefore, future directions for adoptive NK cell-mediated
therapies in cancer patients should include combined regimens with conventional chemo-
and radiotherapies, as well as immune checkpoint inhibitors and peptides or cancer vaccine-
based therapies.
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effectors

Hu-BLT mice were prepared on NSG background by surgical implantation of pieces of
human fetal liver and thymus under the renal capsule followed by the intravenous injection
of CD34* hematopoietic cells from the same donor to support full reconstitution of human
bone marrow. Percentages of human and murine immune cells were analyzed in cells
isolated from spleen (left) and bone marrow (right) 12 weeks after reconstitution by staining
with anti-human-CD45 and anti-mouse-CD45 antibodies followed by flow cytometry.
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of NK cells in humanized mice
Hu-BLT mice were prepared on NSG background, as described in Figure 1, then

subcutaneously injected with human melanoma cells, followed by therapeutic injection of
osteoclast-expanded NK cells. Percentages of NK cells stained with CD45, CD3 and CD56
anti-human antibodies (a) or PKH-26-labeled expanded NKs (b) were analyzed in isolates
from spleen 4 days after intravenous injection of 2x1076 osteoclast-expanded NK cells by

flow cytometric analysis.
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