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Abstract: Despite significant advances in treatment, breast cancer, especially the metastatic breast cancer, usually
can’t be cured by current therapies and has a poor prognosis. To develop more effective therapy for patients with
breast cancer, we examined the potential of ex vivo expanded natural killer (NK) cells to exert anti-tumor cytotoxicity.
We used K562-mb15-41BBL cells to expand NK cells from peripheral blood mononuclear cells (PBMCs) of healthy
donors (HD). We then investigated the expression of NK cell receptors and NK cell cytotoxicity against breast cancer
cell lines MCF-7, MDA-MB-231, MDA-MB-468 and patient breast cancer cells (n=4), with and without the addition
of neutralizing antibodies. As a result, NK cells were sharply expanded to a mean of 254.4-fold (range: 93.4-436.7,
n=8). Cell expansion led to NK cell receptor activation, with remarkable up-regulation of activating molecules NK-
G2D, NKp30, NKp44, CD26, CD69, CD70 and DNAM-1, and resulted in enhanced cytotoxicity against three breast
cancer cell lines and primary breast cancer cells (n=4), while sparing patients’ normal PBMCs. Blocking studies
confirmed that allogeneic NK cell cytotoxicity is established through these multiple activating receptor-ligand in-
teractions. Taken together, the present study demonstrates that large numbers of NK cells with potent cytotoxicity
against breast cancer cells can be generated from PBMCs of HD, providing a necessary preclinical evidence for
clinical evaluation of these ex vivo expanded NK cells in patients with breast cancer.
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Introduction improve the prognosis of these breast cancer

patients.
Breast cancer is the most common malignancy

and the leading cause of cancer-related death
in women, with more than 1.6 million new can-

Natural killer (NK) cells, capable of killing tumor
cells and virus-infected cells in the absence of

cer cases diagnosed and 52,180 deaths world-
wide in 2012 alone [1]. Despite significant
advances in early detection and treatment, a
considerable amount of breast cancers metas-
tasize to distant parts of the body. These meta-
static breast cancers usually can’t be cured by
current therapies and have a poor prognosis
[2]. In addition, the triple-negative breast can-
cer, accounting for approximately 15-20% of all
breast cancers, also has a poor prognosis
owing in large part to the absence of effective
targeted therapies [3]. Therefore, there is a
high demand for new therapeutic strategies to

specific immunization, are a subset of periph-
eral blood lymphocytes and defined by CD56 or
CD16 expression and absence of CD3 [4].
Previous studies have indicated that NK cells
can exert potent anti-tumor effects on a variety
of malignancies including breast cancer in vitro
and in animal models [5-12]. Infusion of NK
cells obtained from Killer immunoglobulin-like
receptor ligand-mismatched donors can effec-
tively prevent relapse after allogeneic hemato-
poietic stem cell transplantation [13-15].
Moreover, allogeneic NK cells are also associ-
ated with complete remission in patients with
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poor prognosis acute myeloid leukemia [16,
17]. In addition, contrary to T cells, clinical
observations and results of animal models
show that NK-cell infusion is well-tolerated and
does not cause graft-versus-host disease
(GVHD) [15, 16]. This feature, combined with
their broad-spectrum anticancer activity, sug-
gests that NK cell-based immunotherapy is a
promising approach for cancer treatment.

NK cells are equipped with a variety of recep-
tors that can either stimulate NK cell reactivity
(activating receptors) or suppress NK cell reac-
tivity (inhibitory receptors) [18, 19]. The NK cell
cytotoxicity against target cells is regulated by
the balance of inhibitory and stimulatory sig-
nals generated by the interaction between
these NK cell receptors and target cell ligands
[20, 21]. Once the activating signals override
the inhibitory signals, NK cells lyse the target
cells. Moreover, NK cell cytotoxicity is also
affected by the ratio between the number of NK
cells and target cells. Thus, to achieve maxi-
mum anti-tumor effect, a sufficient number of
pre-activated NK cells are needed. Irradiated
K562 cells transfected with 41BBL and mem-
brane-bound interleukin (IL)-15 (K562-mb15-
41BBL) are previously reported to specifically
activate human NK cells and drive these NK
cells into the cell cycle, leading to large num-
bers of highly activated NK cells [22, 23].

In the present study, we used this system to
expand NK cells from peripheral blood mono-
nuclear cells (PBMCs) of healthy donors (HD)
and investigated whether these expanded NK
cells (exp-NK cells) exert potent cytotoxicity
against breast cancer cell lines and patient pri-
mary breast cancer cells in vitro. Furthermore,
we also determined which of the molecular
mechanisms might be involved in the interac-
tion between exp-NK cells and patient breast
cancer cells.

Materials and methods
Cells and reagents

The breast cancer cell lines MCF-7, MDA-
MB-231 and MDA-MB-468 were purchased
from the American Type Culture Collection
(Manassas, VA, USA). MCF7, MDA-MB-231 and
MDA-MB-468 cells were maintained in Dul-
becco's Modified Eagle’s Medium (DMEM,
Gibco, Carlsbad, CA, USA). For all cell lines, the
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media were supplemented with 10% heat-inac-
tivated fetal bovine serum, 100 U/ml penicillin,
100 ug/ml streptomycin (Gibco, Carlsbad, CA,
USA), and 5 pg/ml plasmocin (InvivoGen, San
Diego, CA). The K562-mb15-41BBL cell line
was available in our laboratory. Fresh breast
tumors were received after surgery from 4
newly diagnostic breast cancer patients who
gave informed consent according to proce-
dures approved by the Shanghai Tenth People’s
Hospital Institutional Review Board. Blood
samples were obtained following acquisition of
the study participants’ written informed con-
sent. The tumors were sterilely minced in
DMEM medium to yield less than 2 x 2-mm
pieces and cultured in DMEM containing 20%
FBS and 1% antibiotic-antimycotic (Invitrogen,
Carlsbad, CA) at 37°C with 5% CO,. Attached
cells were propagated after 2-3 weeks. Cells
were used as targets in cytotoxicity assays. All
fluorescently-labeled antibodies to CD3, CD14,
CD19, CD33, CD56, NKG2D, NKp30, NKp44,
NKp46, CD26, CD69, CD70, DNAM-1, 2B4,
NTB-A, KIR2DL1 (CD158a), KIR2DL2/L3 (CD-
158b), KIR3DL1 (NKB1), KIR2DL3 (NKAT2),
CD94, TRAIL and Fas-ligand (L) were purchased
from BD Biosciences (San Jose, CA, USA).
Propidium iodide (Pl) and annexin V were also
purchased from BD Biosciences (San Jose, CA,
USA). Dynabeads CD3 and CD56 were pur-
chased from Miltenyi Biotec (Bergisch Glad-
bach, Germany). Concanamycin A (CMA) was
purchased from Sigma (St. Louis, MO, USA).

Ex-vivo NK cell expansion

NK cells were expanded from PBMCs isolated
from human peripheral blood samples from HD
by density gradient centrifugation. In brief,
PBMCs were incubated with irradiated (100 Gy)
K562-mblL15-41BBL cells at a ratio of 1.5:1 in
RPMI-1640 medium with 10% fetal bovine
serum and 200 IU/ml human IL-2 (R&D Sys-
tems, Minneapolis, MN, USA). Medium was
exchanged every 2 days with fresh medium and
IL-2. The cells then were re-stimulated with
K562 transfectants on day 7 and collected on
day 14 for assays. At day O and day 14 of co-
cultures, the number of NK cells (CD3-CD56%),
NKT cells (CD3*CD56%), T cells (CD3*), B cells
(CD19%), monocytes (CD33*CD14*), myeloid
cells (CD33*CD14") and total cells were detect-
ed by flow cytometry. The number of viable NK
cells was determined by staining with Pl and
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Table 1. The composition of cell population before expansion and after expansion

CD3CD56* CD3*CD56* CD3* T CD19* B CD33*Ch14* CD33*Ch14
Donor NK cells (%) NKT cells (%) cells (%) cells (%) monocytes (%) myeloid cells (%)
Day O Day 14 DayO Day 14 Day O Day14 DayO Dayl4 DayO Day14 DayO Day 14
1 74 71.2 3.6 2.1 59.6 17.3 22.8 9.6 10 1 0.6 1.3
2 6.9 89.3 4.6 3.8 67.5 4.3 13.8 2.9 14.3 0.6 0.3 0.8
3 5.2 76.4 1.8 1.9 71.8 14.6 8.6 6.3 10.5 2.6 3.3 1.7
4 24.8 83.4 25 5.2 44.2 8.4 14.3 35 11.3 15 9.5 0.8
5 4.1 74.5 5.4 3.6 71.7 12.7 11.8 10.5 11.2 0.9 3.1 1.1
6 5.2 96.4 73 1.7 72.3 3 16.4 0.3 19.8 0.8 1 0.9
7 14.8 94.0 3.7 2.9 64.5 2.1 9.5 1.8 8.3 1.2 4.2 0.5
8 12.3 97.0 0.4 0.9 48.1 1.1 25.2 0.3 12.6 0.5 2.9 0.4
Mean 10.1 85.3 3.7 2.8 62.5 7.9 15.3 4.4 12.3 1.1 31 0.9
SD 7.0 10.4 2.2 1.4 11.0 6.2 6.0 4.0 3.5 0.7 2.9 0.4

Range 4.1-24.8 71.2-97.0 0.4-7.3 0.9-5.2 44.2-72.3 1.1-17.3 8.6-25.2 0.3-10.5 8.3-19.8 0.5-2.6 0.3-9.5

0.4-1.7

NK, natural killer; NKT, natural killer T; SD, standard deviation.

annexin V. Fold expansion was calculated by
dividing the number of viable subset cells at
day 14 by the number of the cells at the begin-
ning of the culture.

Phenotypic analysis by flow cytometry

At day O and day 14 of co-cultures, cells were
resuspended at a density of 1 x 108/ml, stained
with fluorescent antibody CD3PerCp, CD56FITC
and PE coupled antibodies against NK cell acti-
vating or inhibitory receptors or indicated anti-
bodies at room temperature away from light for
30 minutes (min), washed with phosphate buf-
fer solution (PBS) for three times, and then
detected by flow cytometry to determine the
cell surface expression. In the analysis, 10,000
cells were scored.

Intracellular staining

Exp-NK cells were stained for intracellular per-
forin (PE-conjugated antibody from BD Pha-
rmingen, San Diego, CA, USA) and granzyme B
(PE-conjugated antibody from BD Pharmingen,
San Diego, CA, USA) after fixation (4% parafor-
maldehyde) and permeabilization (0.1% sapo-
nin, 1% BSA, 0.05% Tween-20 in PBS). They
were evaluated on flow cytometric analysis.
Data were presented in dot plot.

5ICr release cytotoxicity assay

Before and after 14 days of cell expansion, the
CD3CD56* NK cells were separated from
PBMCs by magnetic cell sorting system and the
cell purity was determined to be more than
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95%. If purity of exp-NK cells were > 95%, the
NK cells were directly used in cytotoxicity
assays. Cytotoxicity mediated by NK cells
against MCF-7, MDA-MB-231, MDA-MB-468,
patient breast cancer cells (n=4) and patients’
normal PBMCs was studied using a standard
4-hour (h) 5'Cr release assay. We used 15:1,
7.5:1 and 1:1 of effector-to-target (E:T) ratios
for all assays, except when differently indicat-
ed. Target cells were first labeled with 100 uCi
51Cr sodium chromate for 1.5 h and then
washed extensively. Then effector cells were
co-cultured with target cells in 96-well v-bottom
plate. After 4 h incubation at 37°C with 5% CO,,
the supernatants were collected for the gamma
counter. Specific lysis percentage was calcu-
lated as (test release-spontaneous rele-
ase)/(maximal release-spontaneous release) x
100. All experiments were performed in tripli-
cate wells. For NK cell receptor blocking experi-
ments, we first incubated NK cells with human
IgG (1 ug/10° cells) (Invitrogen, Carlsbad, CA)
on ice for 20 min in order to prevent antibody-
dependent cell-mediated cytotoxicity and then
incubated at room temperature with various
monoclonal antibodies (mAbs) before addition
of target cells. Un-conjugated purified antibod-
ies to: isotype, NKG2D, NKp30, NKp44, NKp46,
CD26, CD69, CD70, DNAM-1, 2B4 and NTB-1
were used alone or in combination in the block-
ing experiment. All mAbs were present at the
final concentration of 10 pg/ml.

Statistical analysis

The data were analyzed using the Student’s
t-test to determine their statistical significance.
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Figure 1. Immunophenotypic features of the cell populations before expansion and after expansion by co-culturing
PBMCs with K562-mb15-41BBL cells in the presence of 200 IU/ml of IL-2 using flow cytometry analysis. A. Distri-
bution of cell populations (CD3.CD56" NK cells, CD3*CD56* NKT cells, CD3* T cells, CD19* B cells, CD33*CD14*
monocytes, CD33*CD14  myeloid cells) before expansion and after expansion. B. Viability of expanded NK cells
(CD56*, Annexin V- PI') at day 14. The data shown are representative of one of eight healthy donors. NK, natural kill;

NKT natural killer T; PI, propidium iodide.

The values were given as mean * standard
deviation (SD). P < 0.05 was considered to be
significant.

Results

NK cells, but not T cells, are significantly
expanded by co-culturing PBMCs with K562-
mb15-41BBL cells

To achieve sufficient human NK cells, we devel-
oped an approach for expansion of NK cells in
vitro by co-culturing PBMCs with K562 trans-
fectants to specifically induce NK cell prolifera-
tion. PBMCs from 8 HD were co-cultured with
irradiated K562 cell transfectants or normal
K562 at a ratio of 1.5:1 for 14 days in the pres-
ence of 200 IU/ml of IL-2 or IL-2 alone. The com-
position of cell populations before expansion
and after expansion is depicted in Table 1 and
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Figure 1A. After two weeks of co-incubation,
the cultures were enriched for NK cells (mean:
85.3%, range: 71.2-97.0%) and contained few T
cells (mean: 7.9%, range: 1.1-17.3%), compared
to PBMCs before stimulation (mean of NK cells:
10.1% and mean of T cells: 62.5%, respective-
ly) (Table 1). The exp-NK cells were > 95% via-
ble (Annexin V- PI) at day 14 (Figure 1B). In
absolute numbers, there was as an average of
254.4-fold (range: 93.4-436.7) expansion of
NK cells in the K562-41BBL-IL15 cultures,
compared to only an approximate 2-fold expan-
sion of NK cells when cultured with normal
K562 or IL2 alone (data not shown). No sign-
ificant proliferation of T cells was observed
(4-fold expansion) at day 14. At the end of incu-
bation, the cell populations only contained a
mean of 2.8% NKT cells (range: 0.9-5.2%),
4.4% B cells (range: 0.3-10.5%), 1.1% mono-
cytes (range: 0.5-2.6%), and 0.9% myeloid cells

Int J Clin Exp Pathol 2017;10(6):6589-6600
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Figure 2. Expanded NK cells have an activated phenotype. Flow cytometry confirms the increased cell surface den-
sity of NKG2D, NKp30, NKp44, CD26, CD69, CD70 and DNAM-1. Dot plots and histogram overlays are gated on
CD3CD56" lymphocytes. Gray lines are isotype controls and black lines with shade are the indicated marker. One
representative donor of 8 healthy donors is shown. NK, natural Kill.
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Figure 3. Cytolytic NK cells are efficiently expanded from PBMCs of healthy donor. A. In the presence of K562-IL15-
41BBL, expanded cells become significantly enriched (P < 0.05) in NK cells (CD56*CD3") after 14 days of culture;
B. Expanded NK cells from one donor were evaluated for cytolytic activity using 4 h 5'Cr release assays. Ex-vivo
expanded NK cells (m), but not freshly purified non-expanded NK cells (A), efficiently lysed breast cancer cell lines
MCF-7, MDA-MB-231 and MDA-MB-468; C. Expanded NK cells (m), but not freshly purified non-expanded NK cells
(A), obviously lysed patient breast cancer cells, but not allogeneic patient’'s PBMC. The mean + SD of percentage
cytotoxicity is shown from triplicate wells from one representative donor. One representative donor of 8 healthy
donors is shown. NK, natural kill; PBMC, peripheral blood mononuclear cell.

(range: 0.4-1.7%). However, cultures with either non-exp-NK cells and exp-NK cells from 8 HD
normal K562 with IL-2 or IL-2 alone completely was performed. The change in cell surface
failed to induce NK cell proliferation and, there- expression of NK cells of one representative
fore, are not described later. donor is shown in both dot plot and histogram

overlays (Figure 2). There was an increased
Ex vivo expansion of NK cells turns the NK cell expression of the C-type lectin-activating recep-
receptor balance towards activation tor NKG2D and natural cytotoxicity receptors

(NKp30, NKp44), which are important to acti-
To determine whether the cell surface expres- vating NK cells [24, 25]. There was also an
sion associated with activating, natural cytotox- elevated expression of other activating mole-
icity and inhibitory molecules of NK cells ex- cules such as CD26, CD69, CD70 and DNAM-1
panded from PBMCs was different from non- on exp-NK cells. However, NKp46, 2B4 and
exp-NK cells, flow cytometry analysis of both NTB-A, which may be involved in inducing NK
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cell cytotoxicity [26, 27], were not significantly
changed. In addition, the repertoire and per-
centage positive of inhibitory KIR receptors
(2DL1, 2DL2/L3, 3DL1, 2DL3 and CD94) was
comparable on the cell surface of exp-NK cells,
when compared with NK cells before expan-
sion. Surface expression profile of these acti-
vating and inhibitory receptors of non-exp-NK
cells and exp-NK cells from all other seven HD
was similar. These data indicate that NK cells
post expansion may have a phenotype associ-
ated with a greater activation state.

Exp-NK cells are highly and specifically cyto-
toxic against both breast cancer cell lines and
patient breast cancer cells

We observed that there was a shift in favor
towards expression of activating molecules on
the surface of exp-NK cells. Using 4 h 5'Cr
release assay, we next tested anti-breast can-
cer potential of exp-NK cells and non-exp-NK
cells from eight HD PBMCs against MCF-7,
MDA-MB-231, MDA-MB-468, patient breast
cancer cells (n=4) and patient non-cancer cells
(patients’ PBMCs, n=2). 5'Cr release assay of
exp-NK cells from 8 donors showed more effi-
ciently killing of MCF-7 (mean: 61%; range:
52-72%), MDA-MB231 (mean: 57%; range:
49-65%), and MDA-MB-468 (mean: 47%; range:
42-56%) at a ratio of 15 NK effectors to 1 tar-
get cell, compared with non-exp-NK cells
against MCF-7 (mean: 16%; range: 13-19%),
MDA-MB231 (mean: 14%; range: 12-18%), and
MDA-MB-468 (mean: 15%; range: 10-18%),
respectively (P < 0.05). Importantly, exp-NK
cells were highly active and killed patient pri-
mary breast cancer cells very avidly in 4 h
5ICr-release assays. The mean lysis of patient
cancer cells (n=4) by exp-NK cells was 48%
(range: 40-55%) at a 15:1 ET ratio, compared
to non-exp-NK cells (mean: 15%; range: 12-
16%). The NK cell activity differences at 15:1
ET ratio against primary breast cancer cells
between non-exp-NK cells and exp-NK cells
were significant (P < 0.05). Notably, there was
no killing of patient normal PBMCs. Figure 3
showed cytolytic capacity of exp-NK cells from
one of eight HD against three breast cancer cell
lines (Figure 3B), two patient tumor cells and
one patient’s PBMCs (Figure 3C), compared
with the capacity of non-exp NK cells. These
data indicate that exp-NK cells achieved much
higher specific lysis of patient tumor cells at
15:1 ET ratios, when compared side-by-side
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with non-exp-NK cells. They may overcome the
inhibitory signaling from patient breast cancer
cells and have potential for clinical immuno-
therapy of patients with breast cancer.

Molecular mechanisms are involved in the
interaction between exp-NK cells and patient
breast cancer cells

Since activating receptors NKG2D, NKp30,
NKp44, CD26, CD69, CD70 and DNAM-1 were
significantly up-regulated in exp-NK cells, we
performed blocking studies by using neutraliz-
ing antibodies, alone or in combination, to
NKG2D, NKp30, NKp44, CD26, CD69, CD70
and DNAM-1 to investigate the contribution of
these activating receptors to the cytotoxicity of
exp-NK cells against patient breast cancer
cells. As expected, exp-NK cell cytotoxicity was
significantly reduced when activating receptor-
ligand interactions were inhibited by these
blocking antibodies (Figure 4). The stronger
inhibition of NK cell killing against patient tumor
cells was observed when used anti-NKG2D,
anti-NKp30 + NKp44, anti-CD26, anti-CD69,
anti-CD70, anti-DNAM-1 or all antibodies, giv-
ing mean of inhibition as 42%, 49%, 23%, 28%,
34%, 39% and 96% in each group, respectively,
at 15:1 E:T ratio (P < 0.05) (Figure 4A). However,
anti-NKp46, anti-2B4 and anti-NTB-A antibod-
ies, which were not significantly changed in
exp-NK cells when compared with non-exp-NK
cells, had no discernible effect on the cytotoxic-
ity of exp-NK cells against primary cancer cells
(P > 0.05) (Figure 4A). These results point to
cooperative role for NKG2D, NKp30, NKp44,
CD26, CD69, CD70 and DNAM-1 in the cytotox-
icity of exp-NK cells against patient breast can-
cer cells. Finally, the primary mechanism of
exp-NK cell killing of patient breast cancer cells
was perforin-mediated, as the perforin inhibitor
CMA greatly reduced killing (P < 0.05), while
blocking TRAIL and Fas-L did not have a signifi-
cantimpact on killing (P > 0.05) (Figure 4B). We
also found that more than 90% of exp-NK cells
have high expression of perforin, granzyme A
and granzyme B, whereas no marked expres-
sion of TRAIL and Fas-L was detected on exp-
NK cells (Figure 4C).

Discussion

NK cells are a type of innate immunocytes that
can directly induce the death of tumor cells and
virus-infected cells in the absence of prior
immune sensitization of the host [12, 28].

Int J Clin Exp Pathol 2017;10(6):6589-6600



Cytotoxicity and mechanism of exp-NK cells against breast cancer

A B 70 4 —e—Exp-NK
100 -
60 1 & Exp-NK+CMA
80 - 50 4
= g —a— Exp-NK+anti-TRAIL Ab
< = 40
§ %07 e —x—Exp-NK+anti-Fas-L Ab
S g 30 -
£ 40 - » —e—Exp-NK+control Ab
x 20 4 &
~_
20 1 10 | o
—
0 - 0 '
d O o P H O O © o XD 15:1 7.5:1 11
& & LS W§ T
P ‘\\L— Qxé\L &) O @) {)@Y’ %\l" ék
5
&
4 4 4 4 4
C '%ad% 990.17% 99.66% 1931.0d% 96.97% 9 30.0d% 0.36% 19 30.0d% 0.40%
W 10°% w0’y | W 103 w 10°1 w 10°3
c < o 5 5 ]
§ 1" g 10 g 107 < 103 & 10°3
@ N PO o > 1 . > ] : o < ]
a i B N : : B i . o _ wo,
10 ) o 10 0, o 10 E £ MR, o, 10 . 10 3 0
0.02% 0.41% & 0.00% 0.17% &5 30.68% - 1.34% - 98.54% 3 99.25%
10° e 10° Ty 10° e 10°- 10° .
10° 10 10" 10° 10° 10° 10" 10" _10° 10° 10" 10" _10° 10 10* 10° 10" 102 10* 10° 10° 10" _10° _10° 10*
CD56 FITC CD56 FITC CD56 FITC CD56 FITC CD56 FITC

Figure 4. Expanded NK cells (one representative donor, unselected, purity > 95%) kill primary breast cancer cells and this killing is mediated by critical activating
receptor-ligand interactions and the perforin pathway. A. Blocking critical NK cell activating receptors on NK cells can inhibit killing of primary tumor cells at 15:1 E:T
ratio; B. HD-derived exp-NK cells kill primary breast cancer cells via a perforin pathway. Blocking effectors with anti-TRAIL or anti-FAS-L antibodies did not significantly
reduce the level of killing whereas the addition of the perforin inhibitor CMA to the assay reduced killing appreciably. The mean + SD from triplicate wells is shown;
C. Exp-NK cells have high cytoplasmic granular contents of Perforin, Granzyme A and Granzyme B. Flow cytometric analysis confirms the presence of cytoplasmic
granules in appreciable amounts in exp-NK cells. Representative FACS plots are shown. The numbers in each quadrant are the percentages based on total CD3
CD56" NK cells. NK, natural kill; Exp-NK, expanded NK; Ab, antibody.
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Recent studies have demonstrated that NK cell
based adoptive cancer immunotherapy is a
promising approach for the treatment of malig-
nant diseases [29]. Because NK cells repre-
sent a small fraction of PBMCs and the NK cells
acquired from HD or patients with cancer
always show low cytotoxicity against tumor
cells [7, 8]. Hence, ex vivo expansion and acti-
vation of NK cells is necessary before applying
them to adoptive cancer immunotherapy.
Several methods for NK cell expansion using
accessory cells like Kb62-mb15-41BBL cells
and HFWT cells or stimulants such as IL-2, IL-15
and OKT3 have been reported [23, 30]. Such
exp-NK cells showed potent antitumor activity
in vitro to a variety of malignancies including
acute myeloid leukemia, Ewing’s sarcoma, mul-
tiple myeloma, gastric, lung, prostate, and
breast cancer [7, 8, 31-33]. In the current study,
we used K562-mb15-41BBL cells to expand
NK cells from PBMCs of HD. The results sug-
gested that NK cells were sharply expanded by
this protocol. Moreover, activation receptors
that mediate target cell killing were increasin-
gly expressed on the exp-NK cells. This indicat-
ed that these exp-NK cells might possess
enhanced cytotoxicity. Indeed, further data
revealed that these exp-NK cells with increased
activation receptors exerted more powerful
cytotoxicity against the breast cancer cell lines
as well as primary breast cancer cells.

In the context of adoptive cellular immunother-
apy, infusions of donor cells containing acti-
vated T cells would possibly result in unaccept-
able GvHD, particularly in recipients of HLA-
haploidentical or mismatched transplants.
Indeed, there are many protocols for NK cell
expansion. Most of these protocols, however,
induce large quantities of T lymphocytes [23,
34]. In contrast, the expansion method used in
our study did not stimulate T cell proliferation.
In the setting of allogeneic NK cell therapy, this
could be an important practical advantage as it
would help to avoid the risk of GvHD. In addi-
tion, the results showed that the exp-NK cells
did not present enhanced cytotoxicity against
allogeneic PBMC from the breast cancer
patients compared with these non-exp-NK
cells, an indication that despite the increased
expression of activation receptors on the exp-
NK cells, the inhibitory signals were dominant
between NK cells and normal PBMC and able
to control the NK cell cytotoxicity against non-
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malignant cells. Taking together, our data sug-
gested that the adoptive cellular immunothera-
py using NK cells expanded by co-culture with
K562-mb15-41BBL cells could be a safe thera-
peutic regimen for patients with breast cancer.

Previous studies have indicated that multiple
NK cell receptors working via different signaling
pathways act together to achieve maximum
cytolytic activity [8, 33, 35, 36]. In the present
study, we postulate that the activating recep-
tors NKG2D, NKp30, NKp44, CD26, CD69,
CD70 and DNAM-1 may be involved in NK cell
cytotoxicity, since the presence of blocking
antibodies against these receptors, alone or in
combination, significantly inhibited the lytic
activity of NK cells. Although no significant
change was observed in NKp46, 2B4 and
NTB-A expression on exp-NK cells, we tested
the involvement of these activating receptors
in allogeneic breast cancer cell cytotoxicity.
The results suggested that NKp46, 2B4 and
NTB-A have nothing to do with the increased
cytolysis of breast cancer cells. The fact that
NK cell cytotoxicity was almost completely
inhibited by a combination of all anti-NKG2D,
NKp30, NKp44, CD26, CD69, CD70 and DNAM-
1 antibodies may indicate that these cytotoxic
receptors may be involved in the interaction
between exp-NK cells and patient breast can-
cer cells. Perforin/granzyme- and Fas-based
cytolytic pathways are two major mechanisms
of NK cell-mediated cytotoxicity. In this study,
the primary mechanism of NK cell killing of
patient breast cancer cells was perforin/gran-
zyme-mediated, as the perforin/granzyme in-
hibitor CMA greatly inhibited killing, while block-
ings of TRAIL and Fas-Ligand did not have a sig-
nificant impact on expanded NK cell lysis of
tumor cells.

In conclusion, the ex vivo exp-NK cells pre-acti-
vated by K562-mb15-41BBL cells might be a
useful cellular source for NK cell adoptive
immunotherapy for the patients with breast
cancer. The activity of exp-NK cells could be
further enhanced by adding a KIR blocking anti-
body, as has been attempted in other malig-
nancies [37]. An important issue that remains
to be addressed is the ability of adoptive NK
cells to infiltrate into solid tumor. We postulate
that such ability may be enhanced by transfect-
ing NK cells with chimeric receptors specific for
cell surface molecules expressed on breast
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cancer cells. Clinical studies are needed to con-
firm this hypothesis, as well as to evaluate the
therapeutic potency and safety of infusion of
large amounts of ex-vivo expanded allogeneic
NK cells in breast cancer patients.
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