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Abstract: Anti-estrogens as hormone therapy are the mainstay treatment for estrogen receptor (ER)-positive breast
cancer. ER inhibitors through modulating the transcriptional function of ER have been the frontline anti-estrogens to
which refractory phenotype often developed in advanced cancer. The anti-estrogen fulvestrant is currently the only
clinically approved pure anti-estrogen which causes ER degradation. However, resistance to fulvestrant still occurs
and unfortunately it leaves few choices other than chemotherapy as the later-line treatments to fulvestrant-resistant
tumors. Here we show that fulvestrant resistance was accompanied by increased expression of a number of innate
immune response genes including the natural killer (NK) cell ligand B7-H6 on the cell surface. In an attempt to
overcome the drug resistance phenotype, a NK-based molecular approach taking advantage of a chimeric antigen
receptor (CAR) system targeting B7-H6 was established and tested in cells with acquired resistance to fulvestrant.
The results demonstrate that the cell therapy approach as a single agent can effectively induce cell death of the
resistant cancer cells which is enhanced by the increased expression of cell surface B7-H6. This approach departs
from the traditional strategies of conquering anti-estrogen resistant breast cancer and offers a new avenue to eradi-
cate hormone-refractory malignant solid tumors.
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Introduction

More than 70% of metastatic breast cancer is
of luminal origin and expresses estrogen recep-
tor (ER) [1]. Anti-estrogens of specific ER modu-
lators (SERM) and the aromatase inhibitors (Al)
such as tamoxifen and letrozole, respectively,
are the mainstay treatments for ER-positive
patients [2, 3]. Although most early-stage ER-
positive breast cancer responds to these con-
ventional anti-estrogens, including tamoxifen
and the aromatase inhibitors [3], resistant tu-
mors eventually develop following prolonged
treatment [4-6].

Started as a second-line anti-estrogen therapy
in 2002 [7], fulvestrant (IC1182,780; Faslodex)
has become the mainstay in latest develop-
ment of frontline anti-estrogen therapy [8-11].
Fulvestrant as a specific ER degrader (SERD)
suppresses ER transcriptional activity by direct-
ly binding to ER [5, 12-14]. Interaction between
fulvestrant and ER also induces degradation of
ER through a proteasome-dependent manner
[12]. At present and for the foreseeable fu-
ture, fulvestrant is the only pure anti-estrogen
approved by the FDA to treat breast cancer
refractory to other hormonal therapy. However,
numerous laboratory studies [15-17] and clini-
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cal observations [5, 6, 18, 19] have shown that
breast cancer cells retain the ability to pro-
gress on fulvestrant treatment, often accompa-
nied with deadly metastasis. Options of clinical
intervention for these patients are limited and
efficient regimen has yet to be developed.

Multiple mechanisms underlying the develop-
ment of resistance to fulvestrant have been
demonstrated, such as mutation of the ER cod-
ing gene ESR1 [20], aberrant activation of the
PI3K/AKT pathway [21], and deregulated insu-
lin-like growth factor 1 receptor (IGF1R) signal-
ing [22]. Given that tumor tissues have high
degree of inherent heterogeneity, developing
molecular targeted intervention for fulvestrant-
refractory tumors has been a challenging task.
The strategy of chimeric antigen receptors
(CAR) entails an extracellular receptor recogniz-
ing cell surface antigens of the target cells
which is linked with designhated transmem-
brane and intracellular domains with signaling
functions [23]. The intracellular domain of the
chimeric receptor is adopted from natural cell
surface proteins such as CD3({ which mediates
activation of immune response when the extra-
cellular receptor domain recognizes the ligand
and the induced conformation changes con-
sequently stimulate signaling through the im-
mune-receptor tyrosine-based activation mo-
tifs (ITAM) [24].

Innate immunity is a major cellular mechanism
in the heterogeneous cancer microenvironment
playing important role in tumor suppression
[25]. Natural killer (NK) cells represent the
major anti-cancer taskforce in innate immunity
and play an important function in regulating the
adaptive immune activities [26]. The function
of NK cells are regulated through an array of
receptors on the cell surface. For example,
engagement of the membrane receptor NKp30
(NCR3) of NK cells with its ligand B7-H6 results
in activation of NK cells for secretion of cyto-
Kines, interferons, and cytolytic factors [27].
This activation is mediated by coupling NKp30,
which has no major intracellular domain for
activation signaling, with CD3§ and FceRly in
trans through an opposing charge contacts
within the corresponding transmembrane do-
mains of these proteins [28]. In this study, a chi-
meric molecule is constructed in which the
NKp30 including its extracellular ligand-binding
domain, the transmembrane domain, together
with the intracellular stub is linked to the intra-
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cellular domain of CD3§ which contains four
immunoreceptor tyrosine-based activation mo-
tifs (ITAM) for immune activation of NK cells.
This chimeric antigen receptor (CAR) construct
is transduced into the NK92 cell line as a CAR-
NK system. We show a proof-of-concept dem-
onstrating the efficacy of targeting breast can-
cer cells with acquired resistance to fulves-
trant. Our results demonstrate that CAR-based
cell therapy is a promising clinical armamen-
tarium to overcome endocrine-refractory breast
cancetr.

Methods and materials
Cell lines, chemicals and antibodies

MCF7 and T47D cell lines were maintained in
DMEM/F-12 with FBS (10%) and PSA (1%).
NK92 cells were maintained in alpha-MEM wi-
th FBS (12.5%), horse serum (12.5%), B-me-
captoethanol (0.1 mM), IL-2 (100 U/ml), folic
acid (0.02 mM), inositol (0.2 mM) and PSA (1%).
All materials of cell culture were purchased
from Invitrogen, Thermo Fisher Scientific Inc.
The following antibodies were purchased: pri-
mary antibody pHER2, HER2, ERa (Cell Sig-
naling Technology), pHER2 (Santa Cruz) and
B-actin (Genetex). PE-conjugated anti-B7-H6
(Biolegend) and annexin V-conjugated antibod-
ies (Biolegend) and all secondary antibodies
for immunohistochemistry staining (Jackson
ImmunoResearch). The following shRNA clon-
es were purchased from the RNA Technology
Platform and Gene Manipulation Core of Aca-
demia Sinica in Taiwan: B7-H6 (TRCNOOOO0O13-
9616 and TRCNO0O00138996), Luciferase (TR-
CNOO000076978 and TRCNOOOOO76980).

Cell viability assay

Cell viability was detected by MTT (3-(4,
5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide) assay. Briefly, cells were incubated
with MTT reagent (final concentration 0.5 mg/
ml) for 4 h until purple precipitate is visible
which was dissolved by 100 uL of dimethyl sulf-
oxide (DMSO) at room temperature in the dark
for 2 h. Absorbance at 570 nm was measured
by a microplate reader (Synergy™ HTX, BioTek).

Western blotting

Cell lysates were isolated by incubation with
RIPA buffer (150 mM NaCl, 50 mM Tris [pH 7.5],
1% NP-40, 0.5% DOC, 10% SDS, phosphatase

Am J Cancer Res 2021;11(9):4455-4469



A cell therapy approach targeting endocrine-resistance breast cancer

inhibitors consisting of 25 mM NaF and 2 mM
Na,VO,, and the protease inhibitors 20 ul/ml
aprotinin and 0.1 M PMSF). Cell lysates were
separated on an acrylamide gel, transferred to
a PVDF membrane (Bio-Rad), and probed with
the antibodies of interest. Bands were visual-
ized by a chemiluminescence-based detection
method (Fisher/Pierce) that used a horseradi-
sh peroxidase-conjugated secondary antibody,
and images were acquired by the ChemiDoc™
MP Imaging System (Bio-Rad).

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted with Trizol (Invitrogen),
and purified by Direct-zol RNA Miniprep Plus
kit (Zymo Research). Reverse-transcription for
cDNA was performed with M-MLV transcriptase
(Applied Biosystems). For quantitative real-time
PCR, cDNA targets were amplified with gene-
specific primers using SYBR Green Master Mix
(Bio-Rad) on the QuantStudio 5 Real-Time PCR
System (Thermo Fisher Scientific). In a typical
condition, the PCR reaction was initiated by
heat activation of the DNA polymerase at 95°C
for 10 min, followed by 35 cycles of 95°C for 15
sec, 60°C for 30 sec, and 72°C for 60 sec.
Relative levels were calculated using the com-
parative CT method. Data were normalized to
GAPDH. The following primers were used: Hu-
man B7-H6-forward, 5-CTTTTATTCCCAACCCC-
TCAACA-3’; Human B7-H6-reverse, 5-CACATC-
GGTACTCTCCTGCTT-3’; Human ULBP1-forward,
5-TAAGTCCAGACCTGAACCACA-3’; Human UL-
BP1-reverse, 5-TCCACCACGTCTCTTAGTGTT-3’;
Human ULBP3-forward, 5-TCTATGGGTCACCT-
AGAAGAGC-3’; Human ULBP3-reverse, 5-TC-
CACTGGGTGTGAAATCCTC-3’; Human PVR-for-
ward, 5-TGGAGGTGACGCATGTGTC-3’; Human
PVR-reverse, 5-GTTTGGACTCCGAATAGCTGG-
3’; Human ICAM1-forward, 5-ATGCCCAGACAT-
CTGTGTCC-3”; Human ICAM1-reverse, 5-GGG-
GTCTCTATGCCCAACAA-3’; Human ICAM2-for-
ward, 5-CGGATGAGAAGGTATTCGAGGT-3’; Hu-
man ICAM2-reverse, 5-CACCCACTTCAGGCTG-
GTTAC-3’; Human PVRL2-forward, 5-GGATG-
TGCGAGTTCAAGTGCT-3’; Human PVRL2-rever-
se, 5-TGGGACCCATCTTAGGGTGG-3; Human
CD58-forward, 5-AGAGCATTACAACAGCCATCG-
3’; Human CD58-reverse, 5-ATCTGTGTCTTG-
AATGACCGC-3’; Human GAPDH-forward, 5-AC-
AACTTTGGTATCGTGGAAGG-3’; Human GAPDH-
reverse, 5’-GCCATCACGCCACAGTTTC-3..
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In vitro co-culture cytotoxicity assay

3x10* target cells were seeded and cultured in
12-well plate overnight. NK92 cells were then
added to the wells at an E:T (Effector-to-Target)
ratio of 1:1 and co-cultured in a humidified
incubator at 37°C with 5% CO, for 24 h. After
incubation, cells were stained with an annexin
V-conjugated antibody and 7-AAD and analyz-
ed by BD FACSVerse™ flow cytometer (BD
Biosciences). Alternatively, cell cytotoxicity
assay was performed with the IncuCyte imag-
ing system (Essen Biosciences) following the
manufacturer's protocol. 3x10° target cells
were seeded in 96-well plate for overnight, then
co-cultured with NK92 cells at an E:T ratio of
1:1. Cell apoptosis was detected and assessed
real-time by the IncuCyte® Caspase-3/7 Green
Apoptosis Assay Reagent substrate (Essen
Biosciences).

Flow cytometry

Cells were plated at equal densities and incu-
bated overnight. Resuspended cells were wa-
shed with PBS buffer, and incubated on ice for
1 h with the fluorescent dye-conjugated anti-
body at a concentration of 0.2 yg/well in FACS
buffer (1 x PBS, 0.5% bovine serum albumin,
0.05% NaN,). The cells were then analyzed by
BD FACSVerse™ Flow Cytometer (BD Bios-
ciences).

The NCR3-NK92 preparation

NK92 cells were maintained in cMEM with FBS
(12.5%), horse serum (12.5%), B-mecaptoe-
thanol (0.1 mM), IL-2 (100 U/ml), folic acid
(0.02 mM), inositol (0.2 mM) and PSA (1%). The
cells were then transduced with a retroviral
vector coding for the NCR3 extracellular and
transmembrane domain fused to the intracel-
lular domain of CD3(, followed by a P2A auto-
cleavage site in frame with a mGFP reporter.
One day later, the transduced cells were evalu-
ated for cell number, viability, and transduction
efficacy by flow cytometry.

Results

The ER-positive breast epithelial cancer cell
line MCF-7 was cultured in escalating concen-
trations of fulvestrant (from 1x107 to 5x10%©
M). Resistant cells of three independent cul-
tures were collected as distinctly pooled fulves-
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NK immunity, such as CD58
[30], ULBP1 [31], ULBP3 [31],
ICAM1 and ICAM2 [32], PVR
[33], PVRL2 [33], and B7-H6

[ V-7 parental [27] were analyzed for the
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Figure 1. Characterization of MCF-7 derivatives with acquired resistance to
fulvestrant. A. The parental MCF-7 cells and its derivatives with acquired
fulvestrant resistance (ICI-R) were inoculated in 96-well plates and treated

The enhanced expression of
these NHK-recruiting surface
markers predicts sensitizati-
on of these cell lines to innate
immune cells. Indeed, incuba-
tion with the natural Killer cell

with Fulvestrant of indicated doses or mock treated for 72 h. Cell growth was

evaluated by MTT assay. The results are presented as mean + SD based
on three independent experiments. *, P < 0.05, **, P < 0.01, ***, P <
0.001 as determined by t-test. B and C. The levels of indicated endogenous
proteins were analyzed by western blotting using the designated antibod-
ies. B-actin was used as the internal controls. Expression of ErbB2/HER2 in
BT474 was used as the positive control of HER2 expression.

trant-resistant MCF-7 cells (hereafter referred
to as MCF7/ICI-R #1, #2, and #3) (Figure 1A).
Western blotting analysis showed increased
expression of the receptor tyrosine kinases
ErbB2/HER2/neu along with its activated phos-
phorylated forms (pY1222) in two of the lines
(#1 and #3) (Figure 1B), while elevated expres-
sion of ERa was observed solely in line #2
(Figure 1C). This result implies that both
ER-dependent and ER-independent mecha-
nisms were underlying the phenotype of anti-
estrogen resistance.

It has been suggested that the tumor microen-
vironment including the immune compartment
plays important role in the development of
resistance to anti-estrogens [29]. Conversely,
whether the evolution of the endocrine refrac-
tory phenotypes is associated with reprogram-
ming of the response to immune surveillance
of cancer cells remains unaddressed. To test
this possibility, expression of the cell surface
receptors known to play important function in
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line NK92 provoked more con-
spicuous cell death in two of
the ICI-R derivatives (ICI-R#2
and ICI-R#3) when compared
to the parental MCF-7 cells as
demonstrated by the increase
of apoptotic cells with flow
cytometry gated by annexin V and 7-aminoacti-
nomycin D (7-AAD) (Figure 2B and 2C) as well
as caspase activation measured by a real-time
imaging system (IncuCyte) (Figure 2D and 2E).
These results suggest the potential of exploit-
ing NK to target the fulvestrant-refractory can-
cer cells regardless of the underlying mecha-
nisms of drug resistance.

Cell surface presentations of B7-H6 in the
MCF-7 and MCF-7/ICI-R lines were further con-
firmed by flow cytometry. Consistent with its
increased RNA expression (Figure 2A), protein
expression of B7-H6 in the ICI-R lines was
enhanced in the MCF-7/ICI-R lines compared to
the MCF-7 parental cells (ICI-R#2 and ICI-R#3;
Figure 3A and 3B). To exploit the function of
surface B7-H6 in NK targeting, a chimeric struc-
ture was generated in which the extracellular
immunoglobulin-like motif of NCR3 together
with its transmembrane domain and part of
intracellular region was fused with the intra-
cellular domain of CD3( which contains three
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Figure 2. Gene expression of cell surface molecules involved in innate immunity and cytotoxicity of NK cells. A. mRNA expression of the indicated cell surface genes
was analyzed by qRT-PCR normalized to GAPDH. Results are presented as mean + SD based on three independent experiments. The statistical significance was
assessed by t-test. *, P < 0.05, **, P < 0.01. B. MCF7 and the ICI-R cells were co-cultured with NK-92 cells for 24 h. Apoptotic cells were analyzed by gating with
annexin V and 7-AAD running through flow cytometry. C. The quantitative results of cytotoxicity assay by flow cytometry. Results are presented as mean + SD based
on three independent experiments. The statistical significance was assessed by t-test. *, P < 0.05, **, P < 0.01. D. Real time detection of cytotoxicity of NK92 cells
co-cultured with MCF-7 and ICI-R cells. Results are presented as mean + SD based on three independent experiments. E. The quantitative results of cytotoxicity
assay by IncuCyte. Results are presented as mean + SD based on three independent experiments. The statistical significance was assessed by t-test. *, P < 0.05,
** P <0.01.
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Figure 3. Increased B7-H6 expression of ICI-R cells serve as a target of NCR3- NK92 cells. A. B7-H6 surface expressions of MCF-7 parental and the ICI-R derivatives
were assessed by flow cytometry. B. The mean fluorescent intensity obtained by flow cytometry. Results are presented as mean + SD based on three independent
experiments. Statistical significance was determined by t-test: *, P < 0.05, **, P < 0.01. C. Schematic diagram of the NCR3-CD3(-P2A-GFP construct in a retroviral
vector. The extracellular, transmembrane (TM), cytoplasmic regions, and immunoreceptor tyrosine-based activation motifs (ITAM) are indicated. D. Left, the trans-
duction efficiency of the CAR construct to NK92 cells was analyzed with the mGFP reporter by flow cytometry. Right, the plots of fluorescence intensities of the mock
treated or virus-transduced NK92 cells. E. Cytotoxicity of NCR3-NK92 cells co-cultured with MCF-7 ICI-R#3 harboring shB7-H6 or the control shRNA of luciferase
(shLuc). Results are presented as mean * SD based on three independent experiments. Statistical significance was determined by t-test: **, P < 0.01, ***, P <

0.001. F. IFN-y production of NCR3-NK92 cells co-cultured with MCF-7 ICI-R#3 harboring shB7-H6 or shLuc. Statistical significance was determined by t-test. *, P
<0.05.
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immunoreceptor tyrosine-based activation mo-
tifs (ITAMs) for activation of immune signaling
[34] (Figure 3C). The fusion protein was cloned
in a lentiviral cassette with co-cistronic expres-
sion of the membrane-bound green fluores-
cence protein (MGFP) gene separated by a P2A
self-cleavage site [35]. The construct, termed
NCR3-CD3(-P2A-GFP, was then packaged in
lentivirus and transduced into NK92 cells to
produce a chimeric antigen receptor (CAR)-ex-
pressing NK designated as NCR3-NK92. Ex-
pression of the construct was assessed by flow
cytometry for GFP (a transduction rate of 61%
in Figure 3D). Depleting B7-H6 by a specific
short hairpin RNA (shB7-H®6) in the fulvestrant-
resistant cells (MCF-7/ICI-R#3) significantly
desensitized the cells to NK-mediated cytotox-
icity compared to cells transduced with a con-
trol shRNA of luciferase (shLuc), suggesting
that the enhanced Kkilling by NCR3-NK92 de-
pended at least in part on the corresponding
ligand of NCR3 (Figure 3E). Consistently, IFNy
expression in the co-culture of NCR3-NK92 and
the B7-H6-depleted cells was lower than in the
co-culture of NCR3-NK92 and the control shLuc
cells (Figure 3F).

To test whether the NCR3-NK92-mediated cell
killing is a general phenomenon to fulvestrant-
resistant cells, MCF-7 and the three indepen-
dent ICI-R derivatives were subjected to killing
by parental NK92 or NCR3-NK92 (Figure 4A
and 4B). Flow cytometry gated by annexin V
and 7-AAD showed that, except for MCF-7/ICI-
R#2 which was exceptionally sensitive to NK
killing, MCF-7 and the ICI-R derivatives were
only moderately sensitive to killing mediated by
the parental NK92. In drastic contrast, trans-
duction with the NCR3-CD3{-P2A-GFP chimera
significantly enhanced the killing activity of NK
cells to all fulvestrant-resistant derivatives, in
particular ICI-R#2 and ICI-R#3 which expressed
higher levels of cell surface B7-H6 than other
lines (Figure 4B).

Besides MCF-7 cells, acquired fulvestrant resis-
tance also induced increase of B7-H6 in two
independently produced fulvestrant-resistant
derivatives from the ER* breast cancer epithe-
lial cells TA7D (ICI-R#1 and #2) (Figure 5A and
5B). Furthermore, NK92 cells transduced with
the NCR3-CD3(-P2A-GFP chimera preferential-
ly killed the two ICI-R derivatives (Figure 5C and
5D).
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Discussion

Breast cancer with acquired resistance to hor-
mone therapies poses a daunting challenge.
The presented study demonstrates that multi-
ple cellular mechanisms were invoked to ac-
quire fulvestrant resistance. Molecular charac-
terization of the fulvestrant-resistant MCF-7
derivatives suggested that both ER-depen-
dent and ER-independent mechanisms were
involved in the development of acquired resis-
tance to fulvestrant. Thus, targeted therapy
against a certain cellular target is unlikely to
produce a sustainable suppression of the resis-
tant tumors. The development of acquired ful-
vestrant resistance was associated with en-
hanced cell surface immunomodulatory genes.
This suggests a reprogramming of the cross-
talk between tumors and the immune microen-
vironment which can be exploited for therapeu-
tic opportunities (Figure 6).

Significant progress has been made in recent
years in the establishment of chimeric antigen
receptor-based cell therapy in liquid cancers
and sophisticated CAR systems have been
under development [23, 36]. The application
of CAR-based cell therapy to advanced solid
tumors holds a great promise for advanced
cancer [23, 37]. The current study demon-
strates for the first time that application of CAR-
based cell therapy to endocrine-resistant bre-
ast cancer is a novel and promising approa-
ch to overcome the malignancy. As an effort of
proof of concept, the presented study adopted
the basic CAR construct with the extracellular
ligand-binding motif of NCR3 receptor and
replaced its intracellular ITIM with the ITAM
motifs of CD3( [34]. The efficacy and manipula-
bility can be improved with more sophisticated
configurations entailing a plethora of compo-
nent proteins in immune signaling. It is note-
worthy that depleting the expression of B7-H6
did not completely rescue cells from NK killing,
suggesting that other surface molecules of ful-
vestrant-resistant cells are also involved in sen-
sitization to NK-mediated cytotoxicity. It is con-
ceivable that multiple cell surface ligands or
receptors are contributing to recruiting or acti-
vating NK cells. Further assessment of the
interaction between cancer cells with the im-
mune microenvironment can lead to new per-
spective of overcoming anti-estrogen resistan-
ce.
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Figure 4. NCR3-CAR promoted NK Killing of fulvestrant-resistant cells. A. MCF7 and the ICI-R derivatives were co-cultured with the B7-H6-directed CAR-NK or the
mock-transduced NK cells for 24 h. After incubation, the apoptotic cells were analyzed with annexin V-conjugated antibody and 7-AAD staining and detected by flow
cytometry. B. The quantitative results of cytotoxicity assay by flow cytometry. The results are presented by the mean + SD based on three independent experiments.
Statistical significance was determined by t-test. *, P < 0.05, **, P < 0.01, ***, P < 0.001.

4464 Am J Cancer Res 2021;11(9):4455-4469



IgG

T47D parental

A cell therapy approach targeting endocrine-resistance breast cancer

B7-H6

A (50.4%)

|
I
T47D ICI-R#1 :
i (59.0%)
|
)
T47D ICI-R#2 ,
. (70.6%)
) 102 10° 12“
Membrane B7-H6 (PE)
C
T47D Parental T47D ICI-R #1 T47D ICI-R #2
o 107218 859 930
3
=
S
X
Pz
o , :
X
z
¥
<
Q
Y
o,
S 3
~ e
Annexin V
4465

Mean Fluorescence Intensity

Annexin V positive cell (%)

250

200 A

150 A

100 -

50 4

501
45 A
40 1
351
30 4
251
20 1
154
10 1

*%

T47D parental T47D ICI-R#1 T47D ICI-R#2

lT47D — NK92 mock

| |EIT47D—CAR NK92

T47D parental T47D ICI-R#1 T47D ICI-R#2

Am J Cancer Res 2021;11(9):4455-4469



A cell therapy approach targeting endocrine-resistance breast cancer

Figure 5. Fulvestrant-resistant T47D derivatives expressed higher levels of cell surface B7-H6 and were sensitized
to anti-B7-H6 CAR-NK. A. B7-H6 surface expressions of T47D parental and the ICI-R derivatives were assessed by
flow cytometry. B. The mean fluorescent intensity obtained by flow cytometry. Results are presented as mean + SD
based on three independent experiments. Statistical significance was determined by t-test: *, P < 0.05, **, P <
0.01. C. T47D and ICI-R derivatives were co-cultured with the B7-H6-directed CAR-NK or mock-transduced NK cells
for 12 h. After incubation, the apoptotic cells were analyzed with annexin V-conjugated antibody and 7-AAD staining
and detected by flow cytometry. D. The quantitative results of cytotoxicity assay by flow cytometry. The results are
presented by the mean + SD based on three independent experiments. Statistical significance was determined by
t-test. *, P < 0.05, **, P < 0.01, ***, P < 0.001.
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Figure 6. Schematic diagram of targeting fulvestrant resistance by a CAR-NK approach. The model demonstrates
that fulvestrant-resistant breast cancer cells have increased B7-H6 expression on their surface, resulting in en-

hanced vulnerability to the treatment of B7-H6-targeting CAR-NK.

The immune context in ER* tumor tissues has
been suggested to play a role in determining
the responsiveness to endocrine therapies
[29]. Conversely, whether the evolution of the
endocrine refractory phenotypes is associat-
ed with reprogramming of the response to
immune surveillance of cancer cells remains
unaddressed. The current study focuses on the
use of NK immunity to target treatment-resis-
tant breast cancer. NK activation is known to
be mediated by ligand interaction of the sur-
face receptors of the NK cells. For example,
ligation of the CD2 receptor of NK cells by CD58
potentiates NK cell activation [30]. ULBP1 and
ULBP3 are the major ligands of the NK-activat-
ing pattern recognition receptor NKG2D [31].
Similarly, ICAM1 and ICAM2 are the major li-
gands of LFA1 to stimulate NK cells [32], while
PVR and PVRL2 bind to DNAM1 that can induce
NK activation [33].
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Among these factors, B7-H6 stands out as the
main factor associated with fulvestrant resis-
tance in our cell system. B7-H6 preferentially
expresses on the cell surface of tumor cells
and is absent in most normal cells, suggest-
ing a tumor-promoting function [27]. Indeed, its
functions in tumor growth and metastasis and
as a potential therapeutic target have been
demonstrated [27, 38, 39]. B7-H6 is a bona fide
ligand of NKp30/NCR3 [27]. Thus, the NCR3-
B7-H6 receptor-ligand axis has been exploited
for the development of CAR-based strategies
for cancer targeting [34]. The current study
explores the potential of CAR-based cell thera-
py to overcome the breast cancer refractory to
endocrine therapy. Of the three independent
fulvestrant-resistant MCF-7/ICI-R derivatives,
the expression of B7-H6 follows the order (low
to high) of #1-#2-#3. Among them, however,
MCF-7/1CI-R#2 exhibited exceptional sensitivity
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to killing mediated by the parental NK. It is
possible that additional yet to be identified
NK-targeted cell surface molecules or regula-
tion of cell surface molecules for NK recogni-
tion and activation can be potential mecha-
nisms. It should be noted that all lines includ-
ing the MCF-7 parental cells were more sensi-
tive to NCR3-NK than the parental NK cells in
cell killing, suggesting that the cognate NCR3-
ligand signaling can trigger cytotoxicity in differ-
ent cellular context. The sensitivity to NCR3-NK
is in general consistent with the relative expres-
sion levels of B7-H6 in the three ICI-R deriva-
tives. Besides the MCF-7 series, association of
increased H7-HG6 expression with fulvestrant
resistance and the enhanced sensitivity to the
treatment by B7-H6-targeting CAR-NK was also
observed in fulvestrant-resistant derivatives
of the T47D cells, suggesting that the mecha-
nism may also be relevant to endocrine resis-
tance in different cellular contexts. In conclu-
sion, our study supports the promising poten-
tial of targeted cell therapy in breast cancers
which developed resistance to conventional
endocrine therapies.
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