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Abstract: Triple-negative breast cancer (TNBC) is the most invasive form of breast cancer due to an absence of
estrogen (ER), progesterone (PR), and human epidermal growth factor-2 (HER2) receptors on the cell surface. TNBC
accounts for approximately 12 to 20 percent of all breast cancer cases. The absence of ER, PR, and HER2 receptors
on TNBCs and its ability to develop drug resistance renders it difficult to eradicate or retrogress tumor growth with
hormonal therapy and chemotherapy. Triple-negative breast cancer is associated with poorer prognosis, increased
chance of relapse, and lower chance of survival. Patients with TNBC have poorer outcome to conventional treat-
ments than patients with other types of breast cancer. Natural killer cell-mediated immunotherapy is a promising
therapeutic option for patients with TNBC. Natural killer cells contribute to the immune system by recognizing tumor
cells through interactions between ligands on tumor cells and natural killer cell receptors. NK cell function is regu-
lated by a net balance of signals from activating and inhibitory receptors interacting with ligands on target cells.
Lectin-like Transcript-1 (LLT1, CLEC2D, OCIL) is a ligand that interacts with NK cell receptor NKRP1A (CD161) and
inhibits NK cell activation. In this study, we have identified expression of LLT1 on TNBC cell lines MDA-MB-231 and
MDA-MB-436 through flow cytometry, western blot, and confocal microscopy. We have demonstrated that blocking
LLT1 on TNBCs with antibodies disrupts interaction with NKRP1A and enhances lysis of TNBCs by primary natural
killer cells. We have also shown that a gene knockdown of LLT1 decreases cell surface expression of LLT1 on TNBCs
and increases NK cell-mediated lysis of these TNBCs. The results suggest that LLT1 on TNBCs function as a method
of evasion from immunosurveillance by NK cells. Blocking LLT1-NKRP1A interaction activates lysis by NK cells and
will potentially open a new immunotherapeutic strategy for treatment of TNBC.
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Introduction

Breast cancer is the second most common
type of cancer and the second leading cause of
death of all cancers for women in the United
States [1]. It is estimated that 252,710 new
cases of breast cancer will be diagnosed in
women and 40,610 women will die from breast
cancer in 2017 [1]. Among the subtypes of
breast cancers, triple-negative breast cancer
(TNBC) is considered the most invasive subtype
as patients with TNBC have poorer outcome
and response to conventional chemotherapeu-
tic treatments [2, 3]. TNBC is a subtype of

breast cancer that is characterized by the
absence or low expression of estrogen (ER),
progesterone (PR), and human epidermal
growth factor-2 receptors (HER2) on the sur-
face of these tumor cells [4]. Breast cancer
cells with the triple-negative phenotype (ER" PR
HER2) have limited response to endocrine ther-
apy, trastuzumab, and chemotherapy due to the
lack of these three receptors [2, 4, 5]. Although
chemotherapy is still a standard treatment for
TNBC with doxorubicin or taxane favored,
patients in this group consistently have worse
outcome after chemotherapy treatment in com-
parison with groups of patients diagnosed with
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other subtypes [5]. TNBC is estimated to acc-
ount for approximately 12-20% of all cancer
cases and has the poorest prognosis of all sub-
types [5, 6]. Considering the low success with
standard chemotherapy and endocrine thera-
py, immunotherapy has emerged in further
development as a novel treatment for this
aggressive form of breast cancer such as
immune checkpoint inhibitors and monoclonal
antibodies [7].

Utilizing natural Killer (NK) cells to target tumor
cells has shown potential as an immunothera-
peutic option in different types of cancers such
as multiple myeloma and prostate cancer [8].
NK cells are part of the innate lymphoid cell
family and are known to secrete interferon-y
(IFN-y) when stimulated by specific interactions
of ligands on target cells with NK cell receptors
[9]. NK cell function is triggered and regulated
by a balance of inhibitory and activating NK
receptors interacting with ligands on target
cells [10]. NK cells contribute to the immune
system by recognizing tumor and infected cells
through either deficiency of major histocompat-
ibility complex (MHC) class | receptors or an
increase of activating ligands [9]. NK cell inhibi-
tory receptors such as killer cell immunoglobin-
like receptors (KIRs), TIGIT, Tactile (CD96), and
PD1 (CD279) recognize ligands on target cells
and inhibit cytolytic lysis against the targeted
cell [10, 11]. In contrast, ligands on target cells
binding to NK cell activating receptors such as
FcyRIIIA (CD16a), NKp30, NKp44, NKp46, nat-
ural killer gene 2D (NKG2D), and CD2 subset 1
(CS1, CRACC) can overcome inhibitory signals
and induce the NK cell to lyse the target cells
[9-12].

There is an increasing interest in developing
targeted therapies for patients with TNBC.
Current chemotherapeutic treatments for this
group of patients include anthracyclines such
as doxorubicin, ixabepilone, taxanes, and plati-
num agents such as carboplatin and cisplatin
[13-15]. Although it has been supported by vari-
ous studies on neoadjuvant chemotherapy that
TNBCs have increased sensitivity and suscepti-
bility to chemotherapy compared with other
subtypes, chemotherapy still brings adverse
side effects from physical and immune compli-
cations to long-term cognitive impairment with
some studies reporting executive function
impairment [13, 16-20]. Developing immune
targeted therapies by stimulating natural killer

1051

cells to lyse TNBCs with monoclonal antibodies
targeting specific ligands could open a novel
strategy to treating TNBC with fewer and less
adverse side effects [21].

One particular ligand of interest for NK cell tar-
geting on TNBCs is Lectin-Like Transcript 1
(LLT1, CLEC2D, OCIL). LLT1 is part of the C-type
lectin-like receptor superfamily (CTLR) which is
encoded by CLEC2 genes within the human
natural killer gene complex [22]. LLT1 is
expressed on lymphocytes such as B cells, NK
cells, and T cells as well as on activated den-
dritic cells [22, 23]. Crystallography has re-
vealed that LLT1 forms a homodimer at its
cell surface [22, 24]. This highly glycosylated
homodimer enables LLT1 to serve as a ligand
for the NKRP1A receptor [25, 26]. At the gene
expression, northern blot analysis conducted
by Germain et al. have supported that LLT1 has
five alternatively spliced variants (excluding iso-
form 3 which is a RNA decay product) of the
CLEC2D gene [27]. Isoform 1 that codes for
LLT1 was identified as a surface protein that
interacts with NKRP1A receptor [27].

The receptor NKRP1A is encoded by a single
gene KLRB1 and is expressed on NK cells,
CD4* and CD8* T cells, invariant NKT cells,
yO-TCR* T cells, and a subset of CD3* thymo-
cytes [26, 28]. Studies have found that NKRP1A
expression contribute to the role of differentia-
tion of lymphocytes and can be acquired at the
surface of T cells and NK cells by cytokines
[29]. It was also shown that NKRP1A was
expressed on both dendritic cells and during
monocyte differentiation from both the bone
marrow and precursors in the thymus [29].
From the same study by Poggi et al., functional
analysis has shown that antigens binding to
NKRP1A leads to an increase in intracellular
calcium in human monocytes and dendritic
cells and production of interleukins IL-13 and
IL-12 by non-activated monocytes and dendritic
cells [29]. The induced production of IL-12 fur-
ther allows an upregulation of NKRP1A expres-
sion in human NK cells which can play a role in
regulating activation of NK cells [30]. Interaction
between LLT1 on target cells and natural killer
cell receptor NKRP1A leads to inhibition of
NK-cell mediated cytolytic targeting [26]. It was
found that cross-linking of LLT1 with monoclo-
nal antibodies induces production of interfer-
on-gamma (IFN-y) by natural Killer cells through
the ERK signaling pathway [31, 32]. The role of
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interaction between LLT1 and NKRP1A in mod-
ulating immune responses was observed when
upregulation of LLT1 was induced by pathogens
and expression of NKRP1A was found on NK,
Th1, and Th17 cells [33]. LLT1 expression on B
cells inhibits NK cell function and cross-linking
of NKRP1A with CD3 on T cells increases secre-
tion of IL-17 [33]. Furthermore, overexpression
of LLT1 was observed on prostate cancer cells
and leads to inhibition of NK cell mediated cyto-
lytic killing against these prostate cancer cells
[8].

For this study, we have observed an expression
of LLT1 on TNBC cell lines MDA-MB-231 and
MDA-MB-436 through flow cytometry, western
blot, and confocal microscopy. Blocking LLT1
on the cell surface of TNBCs by anti-human
LLT1 antibodies have increased cytolytic target-
ing by primary natural killer cells isolated from
peripheral blood mononuclear cells (PBMCs).
Knockdown of the gene LLT1 on MDA-MB-436
by transfection with small interference RNAs
(siRNA) also has increased cytolytic Killing by
primary natural Killer cells. Hence, we conclude
that blocking LLT1-NKRP1A interaction and
decreasing cell surface expression of LLT1
increases susceptibility of the TNBC cells to
NK-cell mediated cytolytic killing and will poten-
tially introduce a novel immunotherapeutic
strategy for patients diagnosed with invasive
and difficult-to-treat triple-negative breast
cancer.

Materials and methods
Cell culturing

All cell lines used were acquired from American
Type Culture Collection (ATCC). MDA-MB-231
and MDA-MB-436 were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco Life
Technologies, Carlsbad, CA) with 10% fetal
bovine serum (FBS), 2 mM L-glutamine, and 10
ml of penicillin-streptomycin. MCF10A was
cultured in Medium 171 (Life Technologies
Corporation, Carlsbad, CA) supplemented with
Mammary Epithelial Growth Supplement (Gibco
Life Technologies Corporation, Carlsbad, CA).
Cells were grown to 80 to 90% confluence on
sterile culture flasks or well plates ina 37°C 5%
CO, incubator and then passaged by aspirating
the cells with 1x PBS with ethylene-diamine-
tetracetic acid (EDTA) or Trypsin-EDTA (for
MCF10A) for further growth or use.
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Isolation of human peripheral blood mono-
nuclear cells (PBMCs) and primary natural
Killer cells

Peripheral blood mononuclear cells (PBMCs)
were isolated from EDTA-treated whole blood
samples by Histopaque-1077 (Sigma-Aldrich,
Saint Louis, MO) density centrifugation. Whole
blood samples were collected from healthy
individuals with consent and approval by the
University of North Texas Health Science Center
Institution Review Board. Primary natural killer
cells were isolated from PBMCs by using a NK
cell isolation kit (Miltenyi Biotec, San Diego, CA)
which utilizes a column in the magnetic field of
a MACS Miltenyi Biotec Separator to collect the
flow-through fluid containing NK cells. Primary
natural Killer cells were cultured in 4+ Roswell
Park Memorial Institute complete medium
(RPMI medium 1640, Gibco Life Technologies,
Carlsbad, CA) with 15% FBS.

Flow cytometry analysis

Surface expression of LLT1 was detected by
flow cytometry analysis. Cells were grown to 80
to 90% confluence on sterile culture flasks
(Thermo Scientific, Rockford, IL) or well plates
(Corning, Inc., Corning, NY). Cells were aspirat-
ed with 1x PBS-EDTA for collection and count.
Cells were checked for viability by staining with
Trypan Blue and counted on a hemocytometer.
All cell lines were incubated with Human Fc
fragment (Rockland, Inc.) and then were stain-
ed with anti-human LLT1-PE antibodies (R&D
Systems, Clone #402659, Minneapolis, MN)
or isotype control mouse IgG,-PE antibodies
(Biolegend, Clone #MOPC-21, San Diego, CA).
Cells were then detected and analyzed by flow
cytometry using the Beckman Coulter Cytomics
FC500 Flow Cytometer (University of North
Texas Health Science Center Flow Cytometry
Core Facility, Fort Worth, TX). FlowJo v10 soft-
ware (FlowJo, LLC, Ashland, OR) was used to
analyze data collected from flow cytometry.

Transfection of cells with small interference
RNAs (siRNAs) and confirmation of knockdown
by flow analysis

MDA-MB-436 were grown to 80% to 90% con-
fluence on sterile 96-well plates. SMARTpool:
ON-TARGETplus CLEC2D (LLT1) 5 nmol small
interference RNAs (siRNAs) and ON-TARGETplus
non-targeting 5 nmol siRNA #2 (GE Healthcare
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Figure 1. Triple-negative breast cancer cell lines display a higher expression of LLT1 at the cell surface than normal
breast cells. A. Cell surface expression of LLT1 on TNBC cell lines MDA-MB-231 and MDA-MB-436 and non-tumor-
igenic breast cell line MCF10A was determined by flow cytometry analysis. Dotted lines (white shade) represents
cells stained with isotype control IgG -PE antibodies and solid line (dark gray shade) represents cells stained with
anti-LLT1-PE antibodies. B. Median fluorescence intensity ratios (MFIRs) and percentage of cells displaying positive
expression of LLT1 from 3 independent experiments were averaged. *P < 0.05 & **P < 0.01, One-way ANOVA with

Dunnett’s multiple comparisons post-hoc.

Dharmacon, Inc., Lafayette, CO) were diluted
from a 20 pM stock to a 5 uM working stock
with 1x siRNA buffer (diluted from 5x siRNA
buffer, GE Healthcare Dharmacon, Inc., La-
fayette, CO). Transfection optimization condi-
tions were determined by GE Healthcare Dhar-
macon. Manufacturer protocol on transfection
was followed (Dharmacon). Cells were trans-
fected with either CLEC2D siRNA or non-target-
ing siRNA for 63 hours in the 37°C 5% CO,, incu-
bator. Final concentration of CLEC2D siRNA or
non-targeting siRNA was 25 nM. After 63 hours
of transfection, confirmation of knockdown of
cell surface LLT1 on MDA-MB-436 was con-
firmed by flow cytometry using anti-human

1053

LLT1-PE antibodies or isotype control mouse
IgG,-PE antibodies.

Immunofluorescence confocal microscopy

MDA-MB-231 and MDA-MB-436 were cultured
on coverslips overnight and fixed with 2% para-
formaldehyde. All samples were incubated with
blocking solution containing human Fc frag-
ment (R&D Systems, Minneapolis, MN) to pre-
vent nonspecific binding. Cells were then
stained with mouse anti-human LLT1-PE anti-
body (R&D Systems, Minneapolis, MN) over-
night at 4°C. After washing in PBS, the cover-
slips were mounted on slides using Aqua-Mount

Am J Cancer Res 2018;8(6):1050-1063
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MDA-MB-231
TNBC cell line

MDA-MB-436
TNBC cell line

Results

Morphology

Cell Surface
LLT1 Expression

Figure 2. Triple-negative breast cancer cells expressed LLT1 at the cell sur-
face. Triple-negative breast cancer cells MDA-MB-231 and MDA-MB-436
were fixed, blocked with human Fc fragment, and stained with anti-human
LLT1-PE antibody. The cells were examined with a Zeiss LSM 510 Confocal
Laster Microscope at 40x objective. Scale bar is 10 ym.

(Thermo Scientific, Rockford, IL), and imaged
on the Zeiss LSM 510 Confocal Laster Mic-
roscope using the 40x, 1.2 NA, 0.28 WD
(water), C-Apochromat objective utilizing 488
nm wavelength.

5ICr release assay

MDA-MB-231, MDA-MB-436, MCF10A, and
siRNA transfected MDA-MB-436 cells were
incubated with *'Cr in a 37°C 5% CO, incubator
for 90 minutes. After incubation, ®!Cr-labeled
cells were treated with either 1 pg of unconju-
gated goat anti-human CLEC2D antibody
(Thermo Fisher Scientific, Rockford, IL) or
goat IgG isotype control antibody (Abcam,
Cambridge, MA).

Primary NK cells were isolated from peripheral
blood mononuclear cells from healthy individu-
als as previously stated. Primary NK cells were
incubated with human Fc fragment and then
were co-incubated with %'Cr-labeled target cells
at effector-to-target cell ratios of 25:1, 5:1, and
1:1 for 3.5 hours in the 37°C 5% CO, incubator.
Supernatants were collected and quantified
with a scintillation counter. Percent specific
lysis were then calculated.
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Triple-negative breast cancer
cells express LLT1

Expression of LLT1 at the cell
surface of TNBCs were identi-
fied through flow cytometry
analysis. Non-tumorigenic br-
east cell line MCF10A and
TNBC cell lines MDA-MB-231
and MDA-MB-436 were treat-
ed with human Fc fragment,
then were subsequently stain-
ed with either anti-human
LLT1-PE antibodies or isotype
control 1gG,-PE antibodies.
Two TNBC cell lines’ cell sur-
face LLT1 expression was
compared to non-tumorigenic
breast cell line MCF10A to
determine if there is greater
LLT1 expression on TNBCs
than normal breast cells. In
one representative, TNBC cell
line MDA-MB-231 displayed the highest cell
surface expression of LLT1 at median fluores-
cence intensity ratio (MFIR) of 1.84 with 13.3
percent of cells positive for cell surface LLT1
expression (Figure 1A). TNBC cell line MDA-
MB-436 also displayed cell surface expression
of LLT1 at MFIR of 1.36 with 4.4 percent of
cells positive for LLT1 (Figure 1A). Both TNBC
cell lines have significantly higher expression of
LLT1 based on MFIR and percent of cells posi-
tive for LLT1 compared to normal breast cell
line MCF10A.

To confirm consistency in detecting cell surface
LLT1 expression, 3 independent experiments of
flow cytometry analysis were performed for
each cell line tested (Figure 1B). MFIRs and
percentage of cells that were positive for LLT1
expression from these 3 independent experi-
ments were averaged. We have observed that
both TNBC cell lines MDA-MB-231 and MDA-
MB-436 have significantly greater expression
of cell surface LLT1 than normal breast cell line
MCF10A (Figure 1B). MDA-MB-231 mean of
MFIRs of 1.80 and its mean percent LLT1" cells
of 14.67% is statistically significantly higher
(Mean of MFIRs and % LLT1* **P < 0.01, Figure
1B) than non-tumorigenic breast cell line
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Figure 3. Anti-LLT1 antibody dose-dependent treatment on TNBC MDA-MB-231
demonstrates enhanced killing by primary NK cells. TNBC cell line MDA-
MB-231 was treated with either anti-human LLT1 antibodies («LLT1) or isotype
control antibodies. MDA-MB-231 cells were treated with anti-LLT1 antibodies
at four different concentrations. There is greatest lysis of TNBCs when treated
with anti-LLT1 antibodies at 1 ug per well compared to other concentrations
and isotype 1gG control (P = 0.08, student paired t-test). Cells were labeled with
51Cr and then were co-incubated with primary NK cells isolated from PBMCs
derived from whole blood of healthy volunteers at effector-to-target ratios (NK-
t0-5000 TNBCs) of 25:1, 5:1, and 1:1 for 3.5 hours. Specific lysis of labeled
cells was subsequently quantified and calculated. This assay was performed in
triplicates and error bars indicate standard deviations.

MCF10A’s respective values of 0.95 and 0.56%
LLT1* cells. MDA-MB-436 does show a higher
expression of LLT1 based on mean of MFIRs of
1.34 and mean percent LLT1* cells of 6.54%
than MCF10A, but still much lower than MDA-
MB-231 respective values. Hence, flow cytom-
etry analysis under the same culture conditions
and stained with the same anti-LLT1-PE anti-
bodies have consistently shown that TNBCs
show higher cell surface expression of LLT1
than non-tumorigenic breast cell line MCF10A.
These results demonstrate that LLT1 may serve
as a possible target of interest.

surface than MDA-MB-436
(Figure 2). These results
suggest that expression of
LLT1 as an inhibitory ligand
on TNBCs could play a role
in the TNBC cells evading
NK cell-mediated lysis. Ex-
pression of LLT1 on TNBCs
shown by both flow cytome-
try analysis and immunoflu-
orescent staining leads to
LLT1 as a target of interest
in blocking LLT1-NKRP1A
interaction between TNBCs
and primary NK cells.

Blocking LLT1 with anti-
bodies at the cell surface
of TNBCs increased NK
cell-mediated lysis against
these tumor cells

To assess the function of
LLT1, TNBC cell lines MDA-
MB-231 and MDA-MB-436
and non-tumorigenic cell
line MCF10A were radiola-
beled with %*Cr and treated
with anti-human LLT1 anti-
bodies or isotype IgG anti-
bodies. The labeled cells
blocked with its antibodies
were co-incubated with pri-
mary NK cells for 3.5 hours

at effector-to-target ratios (ET) of 25:1, 5:1,
and 1:1. Cytolytic activity, percent of cells lysed
by primary NK cells, were subsequently quanti-
fied. We used primary NK cells isolated from
peripheral blood mononuclear cells derived
from whole blood. Fc receptors on primary NK
cells were blocked with human Fc fragment
to prevent antibody-dependent cell-mediated
cytotoxicity (ADCC) from occurring.

We have performed a treatment of TNBC cell
lines MDA-MB-231 with anti-LLT1 antibodies at
four concentrations to determine the concen-

tration of antibody to use for targeting LLT1 on

To further confirm expression of LLT1 on TNBCs,
we performed immunofluorescent staining
on TNBC cell lines MDA-MB-231 and MDA-
MB-436. Both TNBCs were treated with human
Fc fragment and then were stained with anti-
human LLT1-PE antibodies. MDA-MB-231 also
showed higher expression of LLT1 at the cell
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TNBCs (Figure 3). Based on the effects of lysis
based on the different concentrations of anti-
LLT1 antibody, we have then proceeded with
targeting LLT1 on TNBC cell lines with treat-
ment of 1 pg of anti-LLT1 antibody (Figure 4).
Blocking LLT1 on both TNBCs MDA-MB-231
and MDA-MB-436 enhanced specific lysis by
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NK cells (Figure 4B, 4C). MDA-MB-231 and
MDA-MB-436 had increased specific lysis by
NK cells when LLT1 was blocked than cells
treated with isotype IgG antibodies.

At 25:1 E:T ratio, there was a statistically signifi-
cant difference in percent specific lysis of MDA-
MB-231 cells between cells treated with anti-
LLT1 antibodies compared to cells treated with
IgG isotype antibody and cells not treated with
antibodies (Figure 4B). At 25:1 ratio, 19.71% of
MDA-MB-231 treated with anti-LLT1 antibodies
were killed by primary NK cells compared to
2.02% of MDA-MB-231 cells treated with IgG
isotype antibody. There was a distinct differ-
ence between the percent specific lysis of
MDA-MB-231 cells treated with anti-LLT1 anti-
bodies compared to non-tumorigenic breast
MCF10A cells treated with the same anti-LLT1
antibody at the 25:1 ET ratio. At 25:1 ratio,
7.54% of MCF10A cells treated with anti-LLT1
antibody were Killed by primary NK cells com-
pared to 2.96% of MCF10A cells treated with
IgG isotype antibody. At 5:1 E:T ratio, there was
a statistically significant difference in percent
specific lysis of MDA-MB-231 cells treated with
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Figure 4. Blocking LLT1 on triple-negative breast can-
cer cells increased lysis of TNBCs by NK cells. A-C.
Blocking LLT1 at the cell surface of TNBC cell lines
MDA-MB-231 and MDA-MB-436 enhanced lysis
of these cells by primary NK cells. MCF10A, MDA-
MB-231, and MDA-MB-436 were blocked with anti-
human LLT1 antibodies (&LLT1 in legend) or goat IgG
isotype control antibodies (isotype control in legend).
Cells were labeled with 5'Cr and then were co-incubat-
ed with primary NK cells at effector-to-target (E:T) ra-
tios of 25:1, 5:1, and 1:1 for 3.5 hours. Specific lysis
of cells was subsequently quantified. These assays
were performed in triplicates and error bars indicate
standard deviations. *P < 0.05 & **P < 0.01, Stu-
dent paired t-test compared to isotype control.

anti-LLT1 antibodies compared to treatment
with isotype antibodies.

We also have tested the effects of blocking
LLTA1-NKRP1A interaction by treating TNBC cell
line MDA-MB-436 with anti-LLT1 antibodies
(Figure 4C). There was a lower percentage of
MDA-MB-436 cells killed by NK cells than MDA-
MB-231 cells at all the ET ratios. The lower per-
centage of MDA-MB-436 cells killed can be
attributed to the lower expression of cell sur-
face LLT1 on this cell line in contrast to MDA-
MB-231 LLT1 expression as shown in flow
cytometry analysis. At 25:1 E:T ratio, 8.39% of
MDA-MB-436 cells treated with anti-LLT1 anti-
bodies were killed while 4.75% of cells treated
with isotype antibodies were killed.

In summary, treating MDA-MB-231 and MDA-
MB-436 cells with anti-LLT1 antibodies allowed
an increase of killing by primary NK cells.
Furthermore, MDA-MB-231 cells treated with
anti-LLT1 antibodies had a greater percent of
cells killed compared to non-tumorigenic breast
cell line MCF10A treated with anti-LLT1 anti-
bodies. The greater percentage of MDA-MB-231
cells killed when targeting LLT1 with antibodies
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Figure 5. Knockdown of LLT1 at the cell surface of triple-negative breast cancer cells increased lysis of TNBCs by NK
cells. A. TNBC cell line MDA-MB-436 was transfected for a period of 63 hours with scramble siRNA control or siRNA
targeting LLT1 gene. Knockdown of LLT1 at the cell surface of MDA-MB-436 was confirmed by flow cytometry which
displayed negligible expression of LLT1 at the cell surface (MFIR < 1.00). MFIR is median fluorescence intensity
ratio. B. Transfected MDA-MB-436 cells with confirmed LLT1 knockdown at the cell surface were labeled with 5'Cr
and co-incubated with primary NK cells at E:T ratios of 25:1, 5:1, and 1:1 for 3.5 hours. Specific lysis of transfected
MDA-MB-436 cells killed by NK cells was quantified. This assay was performed in triplicates and error bars repre-
sent standard deviations. P = 0.07 at 25:1 ratio, Student paired t-test compared to isotype control.

than MCF10A cells was consistent with flow
cytometry analysis demonstrating that MDA-
MB-231 cells had a statistically significant high-
er expression of cell surface LLT1 in contrast to
LLT1 cell surface expression on MCF10A. The
lower percent of MCF10A being killed when tar-
geting LLT1 with anti-LLT1 antibodies supports
that LLT1 may serve as a possible target that
would favor killing TNBCs while minimizing kill-
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ing healthy breast cells. Blocking LLT1 with anti-
bodies on TNBC cells increases cytolytic target-
ing by primary NK cells. Hence, blocking LLT1
interaction with NK cell receptor NKRP1A sup-
presses inhibitory signal transduction in NK
cells. These results suggest that the function of
LLT1 on TNBC cells inhibits NK cell activation of
cytolytic function against TNBCs expressing
LLT1 due to the LLT1-NKRP1A interaction.
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Expression of LLT1 on triple-negative breast
cancer cells serves a role in evading immuno-
surveillance by NK cells.

Gene knockdown of LLT1 decreased cell
surface expression of LLT1 on TNBCs and en-
hances NK cell-mediated lysis of TNBCs

To further assess the function of LLT1 as an
inhibitory ligand on TNBC cells, we have per-
formed a gene knockdown of LLT1 on the MDA-
MB-436 cell line to decrease the expression of
LLT1 at the cell surface. TNBC MDA-MB-436
was transfected with lipid-mediated small inter-
ference RNAs (siRNA) that targets the LLT1
gene for 63 hours. As a negative control, TNBC
cell line MDA-MB-436 was transfected with
non-targeting siRNAs (scramble siRNA) which
does not target the LLT1 gene. Knockdown of
cell surface LLT1 was confirmed by flow cytom-
etry analysis after 63 hours of transfection
before testing the transfected cells for killing by
primary NK cells. MDA-MB-436 LLT1 siRNA-
transfected or scramble siRNA-transfected ce-
lls were blocked with human Fc fragment and
stained with anti-human LLT1-PE antibodies.
MDA-MB-436 cells transfected with LLT1 siRNA
showed negligible expression of LLT1 at the cell
surface (Figure 5A, MFIR 0.31) versus MDA-
MB-436 cells transfected with scramble siRNA
(Figure 5A, MFIR 1.09). After confirming de-
creased expression of LLT1 at the cell surface
of MDA-MB-436, we proceeded with testing
that knockdown of LLT1 enhances natural killer
cell-mediated lysis of these transfected triple-
negative breast cancer cells.

Upon confirmation of knockdown, to assess
that knockdown of LLT1 increases killing of
TNBC cells, MDA-MB-436 transfected with
either LLT1 siRNA or scramble siRNA were
labeled with %1Cr and then were co-incubated
with primary NK cells for 3.5 hours MDA-
MB-436 with confirmed knockdown of LLT1
had a higher percent specific lysis at both 25:1
and 5:1 ET ratios in contrast to its scramble
siRNA transfected cells (Figure 5B). At 25:1 E:T
ratio, 63.38% of MDA-MB-436 LLT1 siRNA-
transfected cells were killed by NK cells com-
pared to 42.18% of MDA-MB-436 scramble
siRNA-transfected cells killed (Figure 5B, P =
0.07 compared to scramble siRNA control). At
5:1 ET ratio, 21.83% of MDA-MB-436 LLT1
siRNA-transfected were killed compared to
18.87% of scramble siRNA-transfected cells.
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Hence, transfecting MDA-MB-436 cells with
SiRNA targeting the LLT1 gene decreases ex-
pression of LLT1 at the cell surface. Decreasing
the expression of cell surface LLT1 prevents
interaction of LLT1 with NKRP1A on primary NK
cells. These results indicate that knockdown of
LLT1 at the cell surface of TNBC cells enhances
specific lysis by NK cells. Disrupting the LLT1-
NKRP1A interaction prevents inhibitory signal
transduction to NK cells thus favoring activa-
tion of natural killer cells to lyse these TNBC
cells. These results further confirm that the
function of LLT1 on the cell surface of TNBC
cells allows evasion of immune system recogni-
tion and cytolytic targeting by NK cells.

Discussion

Utilizing NK cells to target tumor cells has
shown great potential in immunotherapy in
treating several types of cancers [8-10]. NK
cells employ its ability to recognize and lyse
tumor cells through its receptor interacting with
ligands on the surface of tumor cells [45].
Interaction between NK cell receptors and
ligands on tumor cells sends transducing sig-
nals that either inhibits or activates NK cell
cytolytic function [9, 10, 45]. As a result of
ligand-receptor interactions, NK cell functions
in antitumor immune response include cyto-
Kine secretion, inducing cytotoxicity to lyse
tumor cells, and mediating anti-dependent cell-
mediated cytotoxicity (ADCC) with its CD16
(FcyRllla) receptors [9, 46]. Our study charac-
terized the role of expression of LLT1 on TNBCs
interacting with NK cell receptor NKRP1A. We
have demonstrated that LLTZ-NKRP1A interac-
tion sends an inhibitory signal to NK cells which
suppresses cytolytic activity against TNBCs.
Blocking the interaction of LLT1 with NKRP1A
with anti-LLT1 antibodies and gene knockdown
of LLT1 enhances activation of NK cells to lyse
TNBCs. Interestingly, we have determined that
the function of LLT1 on TNBCs is similar to the
role of LLT1 expressed on activated B cells and
dendritic cells in inhibiting NK cell function [22,
23, 33].

The role of LLT1-NKRP1A interaction centers
around modulating immune functions and
responses [26]. There have been numerous
studies that show the expression and function
of LLT1 on immune cells such as germinal cen-
ter B cells, plasmacytoid dendritic cells, NK
cells, and T cells [33, 47, 51, 52]. Immune cells
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express and upregulate LLT1 to enhance its
own function of targeting pathogens, present-
ing antigens to other cells, secrete cytokines, or
enhance its receptor interactions with ligands
on immune cells with intent for co-stimulation
[31, 33, 47, 52]. In addition, certain immune
cells have anti-tumor effects such as CD8" T
cells and NK cells by recognizing tumor-associ-
ated antigens presented on the major histo-
compatibility complex | of tumor cells [53]. It
may sound convenient for immune systems to
recognize every tumor cell by its tumor-associ-
ated antigens being presented, but this is not
always the case. The cancer immunoediting
process describes how tumor cells can develop
resistance to the immune system by acquiring
mutations, ligands, receptors, and producing
cytokines that will prevent immune systems
from recognizing them [54]. For the case of the
interaction between NK cells and tumor cells,
the expression of inhibitory ligands such as
LLT1 on cancer cells allows cancer cells to
escape immune surveillance.

A study conducted by Llibre et al. showed that
LLT1 was highly expressed on germinal center
B cells in tonsillar tissue, spleen, lymph nodes,
and Peyer's patches [47]. The same study
observed that NKRP1A was expressed on acti-
vated follicular dendritic cells and determined
that NKRPZ1A on follicular dendritic cells inter-
acts with LLT1 on germinal center B cells which
allows activation and maturation of B cells with-
in the germinal center [47]. Mathew et al. dem-
onstrated that the expression of LLT1 on NK
cells induces interferon-y (IFN-y) production by
NK cells without inducing activation of cytolytic
function of NK cells which suggests that induc-
tion of IFN-y production by LLT1 upregulation
plays a role in early innate immune response to
pathogens [31-33]. LLT1 expression on immune
cells and its overall function in modulating
immune response may provide an advantage
for tumor cells expressing LLT1 in evading from
immunosurveillance. There have been studies
showing expression of LLT1 on tumor cells
including germinal center-derived B-cell non-
Hodgkin’s lymphomas, glioblastoma, and pros-
tate cancer [8, 48, 49]. Germain et al. showed
that LLT1 expressed on germinal center-derived
B-cell lymphomas functions as an inhibitory
ligand interacting with NKRP1A and blocking
this LLT1-NKRP1A interaction increased NK cell
degranulation, increased IFN-y production, and
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enhanced NK cell-mediated lysis [48]. Roth et
al. reported that LLT1 expressed on malignant
glioma cells counteracted NK cell targeting and
that transforming growth factor-f upregulated
LLT1 expression [49]. Mathew et al. showed
that overexpression of LLT1 on prostate cancer
cells inhibits NK cell-mediated lysis against
prostate cancer cells [8]. These findings sup-
port that LLT1 on tumor cells function as an
inhibitory ligand against NK cell activation and
serves as a suitable candidate to target with
NK cell-mediated immunotherapy such as
antibodies.

We have observed expression of LLT1 at the
cell surface of TNBCs by flow cytometry analy-
sis and immunofluorescent confocal studies.
We have tested for LLT1 expression on two
TNBC cell lines and compared its expression to
non-tumorigenic breast cell line MCF10A. In
order to determine if LLT1 could serve a possi-
ble candidate for targeting with antibodies,
comparing the expression of LLT1 on TNBCs to
MCF10A was needed to minimize off-target
effects against normal breast cells. Based on
flow cytometry analysis of three independent
experiments under the same culturing condi-
tions and using the same anti-LLT1 antibody,
the non-tumorigenic breast cells MCF10A
expressed significantly low levels of LLT1 than
all the breast cancer cell lines tested.

Based on our findings, we are interested in
determining the function of LLT1 expressed on
TNBCs. Therefore, we have used an anti-LLT1
antibody specific for binding to LLT1 on the
TNBC cell lines in a chromium-release cytotox-
icity with primary NK cells to determine the
effects of blocking LLT1-NKRP1A interaction.
Based on the previous studies detailing the
function of the LLT1-NKRP1A interaction, we
have hypothesized that LLT1 functions as an
inhibitory ligand on TNBCs and that blocking
LLT1-NKRP1A interaction will enhance killing of
TNBCs. We have observed that anti-LLT1 anti-
bodies binding to LLT1 on TNBC cell lines have
prevented LLT1 from interacting with NKRP1A
on primary NK cells. Utilizing antibodies to
block interaction between LLT1 and NKRP1A
has increased lysis of TNBC cell lines MDA-
MB-231 and MDA-MB-436. Furthermore, tar-
geting LLT1 on TNBCs has shown greater killing
than normal breast cells MCF10A being treat-
ed with anti-LLT1 antibodies. Our results have
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demonstrated that the lower killing of normal
breast cells and greater killing of TNBCs indi-
cate that using LLT1 as a target can be distin-
guished between normal breast cells versus
TNBCs due to this difference in expression.

We have also utilized another method of block-
ing LLTA1-NKRP1A interaction by using small
interference RNA targeting the LLT1 gene. We
have determined that decrease of LLT1 cell sur-
face expression have prevented LLT1 from
interacting with NKRP1A on primary NK cells.
By preventing this interaction, we have
observed an increase in killing of TNBCs. Using
siRNA-mediated downregulation of LLT1 has
been shown to be successful in NK-mediated
killing of glioma cells [49]. Likewise, when we
used siRNA-mediated downregulation (CLEC2D
siRNA purchased from Dharmacon), there was
an increase in killing of TNBC MDA-MB-436
LLT1-siRNA-transfected cells by 21% compared
to the same cell line treated with scramble
siRNA with LLT1 expressed (Figure 5B).

Hence, our results have tested for the expres-
sion and function of LLT1 on TNBCs. We have
determined that there was greater LLT1 expres-
sion on TNBC cell lines than normal breast
cells. The significant difference in cell surface
expression of LLT1 between TNBCs and normal
breast cells indicates that LLT1 can be used to
target TNBCs while sparing majority of normal
breast cells based on our findings. This differ-
ence in cell surface LLT1 expression between
TNBCs and normal breast cells has been tested
when TNBCs and normal breast cells were
treated with anti-LLT1 antibodies. Our findings
have demonstrated that cell surface LLT1
expression on TNBCs serves as an inhibitory
ligand that suppresses NK cell activation when
it interacts with NKRP1A. We have also shown
that blocking LLT1-NKRP1A interaction by two
methods, with anti-LLT1 antibodies and siRNA,
have enhanced killing of TNBCs by primary NK
cells. Furthermore, much like what other stud-
ies have shown when LLT1 was expressed on
other types of cancers, TNBCs utilize LLT1 as
one of its mechanisms in evading immunosur-
veillance from NK cells. Therefore, targeting
LLT1 on TNBCs with monoclonal antibodies
may introduce another strategy for patients
diagnosed with TNBC.

There is still a major challenge that convention-
al treatments options, such as hormonal thera-
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py, surgery, radiation therapy, and chemothera-
py, has not been as successful in treating TNBC
due to the absence of the ER, PR, and HER2
receptors [13, 37]. Chemotherapy has been
successful in treating first-time patients with
TNBC; however, over time TNBCs develop resis-
tance to these conventional treatments in-
creasing occurrences of relapse and metasta-
sis [38-42]. Mechanisms of how TNBCs devel-
op resistance to chemotherapy is largely debat-
ed, but it is well known that TNBCs have chro-
mosomal instability enhances its ability to
adapt to future chemotherapy treatments [42-
44]. Another limitation of chemotherapy is that
chemotherapy presents adverse side effects
from physical and immune complications to
long-term cognitive impairment [5, 13, 16-20].
Considering the low success and side effects of
hormonal therapy and chemotherapy, NK cell-
mediated immunotherapy has become a prom-
ising novel strategy in tumor immunology [9,
10]. We have demonstrated that LLT1 expres-
sion on TNBC cells function as an inhibitory
ligand that interacts with natural killer cell
receptor NKRP1A. By blocking LLT1-NKRP1A
interaction with anti-LLT1 antibodies and siR-
NA-mediated decrease of LLT1 expression,
cytolytic activity by NK cells increased in lysing
TNBCs. Hence, targeting LLT1 on TNBC cells
with antibodies will activate lysis by NK cells
and could potentially lead to a new immuno-
therapeutic treatment for patients diagnosed
with TNBC.
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