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Abstract
Background: The interaction between activating receptor NKp30 and its major
tumor ligandB7-H6 is important forNK cell-mediated tumor rejection.However,
the regulation of B7-H6 by tumor therapeutics remains largely unknown. In this
study, we investigated the regulation of B7-H6 by all-trans retinoic acid (atRA), a
terminal differentiation inducer of tumor cells that is extensively used for clinical
leukemia therapy.
Methods: We investigated the role of NKp30:B7-H6 axis in NK cell-mediated
tumor lysis against leukemia cells and the influence of atRA treatment on the
cytotoxicity of NK cells using NK cell lines (NK92 and NKG) and leukemia cell
lines (U-937 and THP-1).We evaluated the effect of atRA treatment on the expres-
sion of B7-H6 using real-time PCR, flow cytometry andwestern blotting.We used
CRISPR/Cas9 to knockdown B7-H6 expression and siRNA to knockdown c-Myc
in U-937 cells to evaluate the role of B7-H6 and c-Myc in atRA-induced tumor
resistance against NK cells.
Results:NK cell-mediated U-937 cell lysis was mainly dependent on NKp30/B7-
H6 interaction. Blockade of B7-H6 by monoclonal antibody significantly
impaired NK cytotoxicity. atRA treatment induced U-937 resistance to NK cell
cytotoxicity by reducing B7-H6 expression, and showed no effect on NK cyto-
toxicity against B7-H6 knockdown U-937 cells. Epigenetic modifications, such
as DNA methylation and histone deacetylase (HDAC), were not responsible
for atRA-mediated B7-H6 down-regulation as inhibitors of these pathways
could not restore B7-H6 mRNA expression. On the other hand, atRA treatment
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reduced c-Myc expression, which in turn inhibited the transcription of B7-H6
on leukemia cells.
Conclusion: atRA treatment promotes tumor cell resistance against NK cell-
mediated lysis by down-regulating B7-H6 expression via the c-Myc signaling
pathway, suggesting that more attention needs to be paid to the immunological
adverse effects in the clinical use of atRA treatment.
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1 INTRODUCTION

Natural killer (NK) cells play important roles in fighting
against tumor cells. They recognize tumor cells by acti-
vating receptors such as NKp30 and natural killer group
2 member D (NKG2D) [1–9]. NKp30 recognizes tumor lig-
and B7-H6, which expresses exclusively on tumor cells
[10–12]. The NKp30/B7-H6 interaction leads to NK cell
activation and tumor cell lysis [10, 13]. A study by Matta
et al. [12] demonstrated that induced expression of B7-H6
on the surface of monocytes triggers the activation of cells
with NKp30 reporter and this activation could be blocked
by anti-B7-H6 blocking monoclonal antibodies (mAbs).
B7-H6 has its advantages as a checkpoint target compared
with NKp30 since it is undetectable on normal human tis-
sues but selectively expressed on stressed cells [14], includ-
ing tumor cell lines [10, 15-18] and many kinds of primary
cancer cells, such as the cancer cells of leukemia [10], neu-
roblastoma [17], hepatocellular carcinoma [19], melanoma
[20], lung cancer [21], ovarian carcinoma [22], and breast
cancer [23]. Therefore, B7-H6 is considered a promising
target for tumor therapy and more attention has been paid
to the regulation of its expression.
The expression of B7-H6 in tumor cells is promoted

by stress inducers [16], such as cisplatin, fluorouracil (5-
FU), irradiation, non-lethal heat shock, as well as inflam-
matory cytokines tumor necrosis factor-α (TNF-α), while
histone deacetylase (HDAC) inhibitors down-regulate B7-
H6 expression [15]. B7-H6 expression on tumor cells is
closely related to their susceptibility to NK cell lysis. The
small hairpinRNA (shRNA) treatment of B7-H6 effectively
dampens the sensitization of tumor cells to NK-mediated
lysis [16]. It has been recently reported that oncogenic
transcriptional factor c-Myc drives B7-H6 transcription in
tumor cells [18]. Additionally, inhibition or knockdown of
c-Myc in tumor cells impairs NKp30-mediated degranula-
tion of NK cells [18, 24]. However, the regulation of B7-H6
by tumor therapeutics remains largely unknown.
All-trans retinoic acid (atRA)-mediated differentiation

therapy is the front-line therapy for acute promyelocytic

leukemia (APL). It leads to complete remission rates>90%
and long-term remission rates above 80% in combination
with chemotherapy [25–28]. Due to numerous achieve-
ments in APL treatment, atRA is tested in non-APL acute
myeloid leukemia (AML) and many solid tumors. How-
ever, clinical trials using atRA alone or in combination
with chemotherapy have somehow shown disappointing
results [28].
In this study, we investigated the regulation of B7-H6

expression by atRA treatment in leukemia cells and its
influence on tumor resistence to NK cell lysis. We found
that NKp30:B7-H6 axis plays an important role in NK cell-
mediated U-937 cell lysis, and atRA treatment impairs the
cytotoxicity of NK cells against U-937 cells by reducing B7-
H6 expression through the regulation of c-Myc. Our study
revealed potential immunological adverse effects in the
clinical use of atRA treatment.

2 MATERIALS ANDMETHODS

2.1 Cell lines

NK cell line NKG was established and maintained in our
labratory as previously described [29] and cultured in α-
MEM (Thermo Fisher Scientific,Waltham,MA,USA) sup-
plemented with 15% fetal bovine serum (FBS; Thermo
Fisher Scientific, Waltham, MA, USA), 15% horse serum
(Thermo Fisher Scientific, Waltham, MA, USA) and 100
U/mL rhIL-2 (Kingsley, Yixing, Jiangsu, China). NK cell
line NK92 was obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA) and cultured in α-
MEM supplemented with 12.5% FBS, 12.5% horse serum,
0.2 mmol/L inositol (Sigma Aldrich, St. Louis, MO, USA),
0.1 mmol/L 2-mercaptoethanol (Sigma Aldrich, St. Louis,
MO, USA), 0.02 mmol/L folic acid (Sigma Aldrich, St.
Louis, MO, USA) and 100 U/mL rhIL-2. The leukemia cell
lines U-937 and THP-1 were obtained from ATCC and cul-
tured in RPMI-1640 medium (Hyclone, South Logan, UT,
USA) containing 10% FBS. The erythroleukemia cell line
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K562 were obtained from National Collection of Authen-
ticated Cell Cultures (Shanghai, China) and cultured in
IMDMmedium (Thermo Fisher Scientific, Waltham, MA,
USA) containing 10% FBS. The human embryonic kidney
cell line HEK293T were obtained from National Collec-
tion of Authenticated Cell Cultures (Shanghai, China) and
cultured in DMEM medium (Hyclone, South Logan, UT,
USA) containing 10% FBS. All cell lines used in this study
were maintained at 37◦C in 5% CO2.

2.2 Antibody generation and labeling

Mouse anti-human B7-H6 antibody (anti-B7-H6#1, anti-
B7-H6#2 and anti-B7-H6#3) were generated and veri-
fied in our laboratory. Briefly, BALB/c mice were immu-
nized with B7-H6-hIgG1-Fc fusion protein and spleen cells
were fused with Sp/20 cells by Absea-antibody (Beijing,
China). Hybridoma culture supernants were selected for
the binding with HL60-B7-H6 cells. Antibodies derived
from hybridoma cells were tested for their ability to detect
B7-H6 as well as to inhibit NK cell-mediated cytotoxicity.
Anti-B7-H6#1 and anti-B7-H6#2 were able to inhibit NK
cell-mediated tumor lysis in 4h cytotoxicity assay, and anti-
B7-H6#3was able to detect B7-H6 inwestern blotting assay.
Anti-B7-H6#1 antibody was labeled with Andy Fluor 647
NHS Ester (ABP Biosciences, Rockville, MD, USA) accord-
ing to Protein Labeling Protocol. 100 μg antibody in 90 μL
PBS was added to 1 vial of Andy Fluor 647 NHS Ester and
incubated for 30 min at room temperature in a dark space.
10μLQuench bufferwas added to stop labeling and residue
flour was removed by centrifuge at 10,000 g, 4°C, using
an ultra-filtration vial. The labeled antibody was stored at
1 mg/mL in PBS containing 0.5 mg/mL BSA and 0.02%
NaN3 (Sigma Aldrich, St. Louis, MO, USA) at 4°C.

2.3 Flow cytometry

2 × 105 cells in 90 μL were incubated with 10 μL mouse
serum (Future, Guangzhou, Guangdong, China) at 4°C for
30 min. 0.5 μL Alexa 647-conjugated anti-B7-H6 antibody
was added and incubated at 4°C for 30 min avoiding light.
The cells were then washed with PBS. Flow cytometry
was performed using a FACS LSRII (BD, Franklin Lakes,
NJ, USA) and analyzed using the Flowjo software (BD,
Franklin Lakes, NJ, USA).

2.4 siRNA and transfection

Small interfering RNA (siRNA) was used for transient
knockdown of c-Myc. c-Myc siRNA (sc-29226) and con-

trol siRNA (sc-37007) were purchased from the Santa Cruz
Biotechnology (Santa Cruz, CA, USA) and used at a final
concentration of 100 nmol/L. The cells were transfected
using Amaxa R© Cell Line Nucleofector R© Kit C (VCA-
1004, Lonza, Basel, Switzerland) according to the manu-
facturer’s instructions. Transfection efficiency was deter-
mined by real-time PCR, flow cytometry and western blot.

2.5 Construction of sgRNA expression
vector

The coding sequence of Ncr3lg1 (coding gene of B7-H6)
was cloned intoBsmBI-pre-digested pLentiCRISPRv2 plas-
mid (VT8107, YouBio, Changsha, Hunan, China). The
target sequence of sgRNA was 20 bp and two comple-
mentary oligonucleotides (top, 5’-CACCGTACCCATAG
ACGTGATGTTG-3’ and bottom, 5’-AAACCAACATCA
CGTCTATGGGTAC-3’) were annealed to generate dsDNA
which had 4 bp overhangs on both ends. pLentiCRISPRv2
plasmid was digested by BsmBI (R0739L, NEB, Ipswich,
MA,USA) and dsDNAwas ligased to the vector by T4DNA
ligase (EL0011, Thermo Fisher Scientific, Waltham, MA,
USA).

2.6 Lentiviral package and transduction
of cells

Lentiviral supernatants were generated by co-transfecting
HEK293T cells with pLentiCRISPRv2, psPAX2 (VT1444,
YouBio, Changsha, Hunan, China) and pMD2G (VT1443,
YouBio, Changsha, Hunan, China) plasmids using Lipo-
fectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA).
Culture supernatants collected 48 h after transfection
were added directly to U-937 cells plated in 6-well cul-
ture plates, and Polybrene (Sigma Aldrich, St. Louis, MO,
USA) was added at a final concentration of 5 μg/mL for
24 h. Transduced cells were selected by the addition of
5 μg/mL puromycin (Invitrogen, Carlsbad, CA, USA). U-
937 cells transduced with B7-H6 sgRNA were named U-
937-δB7H6. Transfection efficiencywas determined by flow
cytometry.

2.7 Real-time PCR assay

Total RNA was isolated using the TRIzol reagent (Invit-
rogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. RNA was reverse transcribed using
M-MLV reverse transcriptase (Invitrogen, Carlsbad, CA,
USA) and the resulting cDNA was used for real-time
PCR. SYBR Premix Ex TaqII (Takara, Kusatsu, Shiga,
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Japan) was used for real-time PCR. Real-time PCR was
performed using LightCycler 96 (Roche, Basel, Switzer-
land), the cycling parameters were 95◦C for 60s, followed
by 40 cycles of 95◦C for 5s and 60◦C for 30s. Relative
quatification of mRNA level was analyzed by support-
ing software (Roche, Basel, Switzerland). The following
primers were used: B7-H6 forward primer, 5’-TTTTCCA
TTCATTGGTGGCCTA-3’; B7-H6 reverse primer, 5’-TG
CCCGAGTGCAAAAGAATATG-3’; c-Myc forward primer,
5’-TCAAGAGGCGAACACCAAC-3’; c-Myc reverse pri-
mer, 5’-GGCCTTTTCATTGTTTTCCA-3’; β-actin forward
primer, 5’-CTGGAACGGTGAAGGTGACA-3’; and β-actin
reverse primer, 5’-AAGGGACTTCCTGTAACAATGCA-3’.

2.8 Western blotting

Cells were washed twice with ice-cold PBS and then
lysed in RIPA Lysis Buffer (Beyotime, Shanghai, China)
supplemented with 0.25 mg/mL PMSF (Sigma Aldrich,
St. Louis, MO, USA) and 1× protease inhibitor (Roche,
Basel, Switzerland). An equal volume of 2 sample load-
ing buffer (62.5 mmol/L Tris-HCl, 25% glycerol, 2% SDS,
0.02% bromphenol blue, 5% β-mercaptoethanol, pH 6.8)
was added, and cleared extracts were frozen at -80◦C. Pro-
tein concentrationwas determined using the BCAmethod.
Equal amounts of protein (100 μg) were denatured in
95◦C water bath for 5 min, electrophoresed with 4-20%
SurePAGE (GenScript, Nanjing, Jiangsu, China) in 1×
MOPS (Sangon, Shanghai, China), and blotted to PVDF
membrane (Millipore, ISEQ00010, USA). Anti-B7-H6#3
(1:2000) and c-Myc (1:1000; AF6513, Beyotime, Shang-
hai, China) antibodies were used as primary antibodies
respectively. For chemiluminescence, secondary antibod-
ies HRP-goat-anti-mouse IgG (1:5000; Boster Bio, Pleasan-
ton, CA, USA) and HRP-goat-anti-rabbit IgG (1:5000;
Boster Bio, Pleasanton, CA, USA) were applied respec-
tively, and ECL substrate (Bio-Rad, Hercules, CA, USA)
was used for detection.

2.9 Cytotoxicity assay

1 × 106 target cells in 1 mL serum-free DMEM medium
(Hyclone, South Logan, UT, USA) were incubated with
CFSE (Thermo Fisher Scientific, Waltham, MA, USA) at a
final concentration of 5 μmol/L for 30min at 37°C. Staining
was terminated by adding ice-cold FBS. Labeled cells were
then washed 3 times with complete DMEM medium. Tar-
get cells were diluted with complete RPMI-1640 medium
and added to 96-well round plate at 1 × 104/well. NK92 and
NKG cells were used as effector cells and co-cultured with
target cells at different effector:target (E:T) ratios for 4 h.

1 μL 7-AAD (BD pharmingen, San Diego, CA, USA) was
added to each well and cytotoxicity was determined using
flow cytometry.

2.10 Statistical analysis

Statistical analysis and figure creation were performed
using GraphPad Prism 6.0 (La Jolla, CA, USA) and
SPSS Statistics 21 (IBM, Armonk, NY, USA). Comparisons
between two groups were analyzed using the unpaired t-
test. Comparisons between three ormore groupswere ana-
lyzed using either the one-way or two-way ANOVA test.
Results are expressed as means ± SEM. Values of P <0.05
were considered statistically significant.

3 RESULTS

3.1 NK cell-mediated tumor lysis
depends on NKp30/B7-H6 interaction

NK cell-mediated tumor rejection depends on activating
receptors such as NKp30 and NKG2D [1–9]. To define the
critical receptor-ligand interaction between NK cells and
tumor cells, we tested the effect of B7-H6 mAb using cyto-
toxicity assay.As shown inFigure 1A andB, blockade of B7-
H6 significantly impaired the lysis of U-937 cells mediated
by NK92 or NKG cells (P <0.0001). Furthermore, block-
ade of B7-H6 significantly impaired the lysis of THP-1 cells
mediated by NK92 cells (P <0.01; Supplementary Figure
S1). Taking together, these data suggest that NKp30/B7-H6
interaction played an important role in NK cell-mediated
tumor lysis.

3.2 atRA treatment promotes tumor
cell resistance against NK cell cytotoxicity

To define the influence of atRA treatment on NK cell cyto-
toxicity against tumor cells, we treated U-937 and THP-1
cells with 10 μmol/L atRA for 24 h and tested their sensi-
tivity to NK cells in a 4-hour cytotoxicity assay. Lysis of U-
937 cells mediated by NKG cells was significantly impaired
by atRA treatment at E:T ratios of 8:1 and 16:1 (P <0.001;
Figure 2A), while lysis of U-937 cells mediated by NK92
cells was significantly impaired by atRA treatment at all
the E:T ratios tested (all P<0.05; Figure 2B). Furthermore,
atRA treatment significantly impaired the lysis of THP-1
cells mediated by NK92 cells at E:T ratios of 2:1 and 8:1 (P
< 0.05; Supplementary Figure S2). Taking together, these
data suggest that atRA treatment promoted tumor resis-
tance against NK cell cytotoxicity.
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F IGURE 1 Blockade of B7-H6 significantly impairs the cyto-
toxicity of NK cells against U-937 cells. Lysis of U-937 cells by NKG
(A) or NK92 cells (B) was tested in a 4-hour cytotoxicity assay. 5
μg/mLmouse anti-human B7-H6 antibodies (anti-B7-H6#1 and anti-
B7-H6#2) or control antibodies (mIgG) was added to the culture
medium.Datawere analyzed for significance by the one-wayANOVA
test. Results are representative of at least three independent experi-
ments with a minimum of two technical replicates and expressed as
the mean±SEM. E:T, effector/target; ****, P <0.0001.

3.3 atRA treatment down-regulates
B7-H6 expression in U-937 and THP-1 cells

To explore the influence of atRA treatment on B7-H6
expression, we treated U-937 and THP-1 cells with 10
μmol/L atRA for 24 h respectively, and analyzed B7-H6
cell-surface expression by flow cytometry. atRA treatment
significantly down-regulated B7-H6 cell-surface expres-
sion in both U-937 and THP-1 cells (P <0.0001; Fig-
ure 3A and B). To explore whether atRA treatment down-
regulates B7-H6 at the transcriptional level, tumor cells
were treated with 10 μmol/L atRA and subjected to anal-
ysis by real-time PCR. 24 h and 48 h of atRA treatment
both resulted in the reduced B7-H6 mRNA level in U-937
cells (P<0.0001; Figure 4A).We further treated U-937 cells
with various concentrations (0.039, 0.156, 0.625, 2.5, and
10 μmol/L) of atRA for 24 h and found that atRA down-
regulated B7-H6 mRNA level in a dose-dependent man-
ner (Figure 4B). The influence of atRA treatment on THP-1
cellswas also investigated, 2.5 or 10μmol/L atRA treatment
significantly reduced B7-H6 mRNA level in THP-1 cells

F IGURE 2 atRA induces U-937 cell resistance against NK cell
cytotoxicity. U-937 cells were treated with 10 μmol/L atRA for 24 h
or left untreated (Control) and subjected to NKG (A) or NK92 (B)-
mediated lysis in a 4-hour cytotoxicity assay. Data were analyzed for
significance by the unpaired t-test. Results are representative of at
least three independent experiments with a minimum of two techni-
cal replicates and expressed as the mean±SEM. E:T, effector/target;
*, P <0.05; ***, P <0.001; ns, not significant.

(Figure 4C). However, atRA treatment showed no negative
effect on B7-H6mRNA level in human immortalizedmyel-
ogenous leukemia cell line K562 (Supplementary Figure
3A). Taking together, these data suggest that atRA treat-
ment reduced B7-H6 expression in both U-937 and THP-1
cells.

3.4 atRA treatment promotes tumor
cell resistance to NK cell-mediated
cytotoxicity by reducing B7-H6 expression

To explore and verify the underlying mechanism, we gen-
erated B7-H6 knockdown U-937 cells (U-937-δB7H6) by
transducing U-937 cells with Crispr/Cas9 plasmid express-
ing B7-H6 sgRNA (Figure 5A). U-937 and U-937-δB7H6
cells were then treated with 10 μmol/L atRA for 24 h and
subjected to NK92 mediated lysis in a 4-hour cytotoxicity
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F IGURE 3 atRA down-regulates B7-H6 cell-surface expression
on U-937 and THP-1 cells. U-937 (A) and THP-1 (B) cells were treated
with 10 μmol/L atRA or left untreated (Control) for 24 h, followed by
the analysis of cell surface B7-H6 expression through flow cytometry.
Data were analyzed for significance by the unpaired t test. Results
are representative of at least three independent experiments with
a minimum of two technical replicates and are expressed as the
mean±SEM. MFI, mean fluorescence intensity; ****, P <0.0001.

assay. The cytotoxicity of NK92 cells against U-937-δB7H6
cells was lower than that against U-937 cells (Figure 5B
and C). Furthermore, the use of atRA treatment impaired
NK92 cytotoxicity against U-937 cells, however, it showed
no effect on the lysis of U-937-δB7H6 cells (Figure 5B and
C), suggesting that atRA treatment promoted tumor cell
resistance to NK cell-mediated cytotoxicity by regulating
B7-H6 expression.

3.5 atRA-mediated B7-H6
down-regulation does not depend on DNA
methylation or HDAC

atRA has been reported to regulate gene expression
through epigenetic modifications such as DNA methy-
lation and HDAC [28, 30-32]. To investigate whether
atRA-mediates B7-H6 down-regulation relies on epige-
netic modifications, we treated U-937 cells with DNA
methylation inhibitors and HDAC inhibitor, and then ana-
lyzed B7-H6 mRNA by real-time PCR. DNA methylation
inhibitors, including Azacitidine, Zebularine, and RG-108,
inhibit DNA methylation through different mechanisms
and therefore were all tested. None of these inhibitors

restoredB7-H6mRNA levelwhichwas suppressed by atRA
treatment (Figure 6A-C), suggesting that down-regulation
of B7-H6 mRNA by atRA treatment was not dependent on
DNA methylation.
To study whether HDAC is involved, U-937 cells were

treated with HDAC inhibitor Romidepsin. Romidepsin
alone reduced B7-H6 mRNA level (data not shown), con-
sistent with the report that HDAC inhibitors (suberoy-
lanilide hydroxamic acid, trichostatin A, and valproic acid)
down-regulate B7-H6 transcription in HeLa cells [15]. The
combination of atRA and Romidepsin further reduced B7-
H6 mRNA level compared with atRA treatment alone
(Figure 6D). Together, these data suggest that the down-
regulation of B7-H6 by atRA treatment was neither depen-
dent on DNA methylation nor HDAC.

3.6 atRA inhibits B7-H6 transcription
by down-regulating c-Myc

It was recently reported that the oncogenic transcription
factor c-Myc drives B7-H6 transcription in tumor cells [24,
33]. We further investigated whether the transcriptional
factor c-Myc was involved in B7-H6 transcriptional regula-
tion in leukemia cell lines. We transfected U-937 cells with
c-Myc siRNA and then analyzed B7-H6 mRNA expres-
sion. As shown in Figure 7A and B, c-Myc knockdown
significantly reduced B7-H6 mRNA and protein levels (P
<0.0001). To study whether atRA down-regulates c-Myc
expression, we treated U-937 cells with 10 μmol/L atRA
for 24 h and 48 h respectively, and then analyzed c-Myc
mRNA level by real-time PCR. Both 24 h and 48 h of
atRA treatment significantly reduced c-Myc level in U-
937 cells (P <0.0001; Figure 7C). However, atRA treatment
showed no effect on the c-Myc mRNA level in K562 cells
(Supplementary Figure S3B). Furthermore, atRA treat-
ment significantly reduced c-Myc protein expression in
U-937 cells (Figure 7D). THP-1 cells were treated with
either 2.5 μmol/L or 10 μmol/L atRA for 24 h and c-Myc
mRNA expression were evaluated by real-time PCR. Both
2.5 μmol/L and 10 μmol/L atRA treatment significantly
reduced c-Myc mRNA in THP-1 cells (Figure 7E). Taking
together, these data suggest that atRA treatment down-
regulated B7-H6 transcription possibly through inhibiting
the c-Myc signaling pathway.

4 DISCUSSION

The cytotoxicity of NK cells depends on the balance
between activating and inhibitory signals. The natural
cytotoxicity receptors (NCRs) and NKG2D are the major
activating receptors involved in tumor cell surveillance
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F IGURE 4 atRA down-regulates B7-H6mRNA expression level in U-937 and THP-1 cells. A. U-937 cells were treated with 10 μmol/L atRA
or left untreated (Control) for 24 h or 48h. B7-H6 mRNA level was analyzed by real-time PCR. B-C. U-937 (B) and THP-1 cells (C) were treated
with atRA at various concentrations for 24 h and B7-H6 mRNA level was analyzed by real-time PCR. Data were analyzed for significance by
the unpaired t test or the one-way ANOVA test. Results are representative of at least three independent experiments with a minimum of two
technical replicates and are expressed as the mean±SEM. **, P <0.01; ****, P <0.0001; ns, not significant.

F IGURE 5 atRA shows no effect on the cytotoxicity of NK cells against B7-H6 knockdown U-937 cells. A. B7-H6 was knockdown in U-937
cells (U-937-δB7H6) by transducing the cells with Crispr/Cas9 plasmid expressing B7-H6 sgRNA. B7-H6 cell-surface expression of U-937 and
U-937-δB7H6 cells was verified through flow cytometry. B-C. U-937 (B) and U-937-δB7H6 (C) cells were treated with 10 μmol/L atRA for 24 h or
left untreated (Control) and subjected to NK92mediated lysis in a 4-hour cytotoxicity assay. Data were analyzed for significance by the unpaired
t test. Results are representative of at least three independent experiments with a minimum of two technical replicates and are expressed as the
mean±SEM. **, P <0.01; ***, P <0.001; ns, not significant.

[14]. The interaction between NKp30 and tumor cell-
derived B7-H6 results in the production of cytotoxic
mediators, such as perforins, granzymes, TNF-α, and
interferon-γ (IFN-γ) [34]. Our study showed that NK cell-
mediated lysis of tumor cells (U-937 and THP-1) was
mainly dependent on NKp30/B7-H6 interaction and atRA
treatment induced U-937 and THP-1 resistance against
NK cell cytotoxicity by reducing the expression of NKp30
ligand B7-H6. It has been reported that transcriptional
factor c-Myc is responsible for driving B7-H6 expression
in tumor cells, our study showed that atRA treatment
down-regulated B7-H6 transcription by reducing c-Myc
expression.

The epigenetic modifications by atRA have been deeply
investigated. The receptor of atRA, retinoic acid recep-
tor (RAR), forms a heterodimer with retinoic X receptor
(RXR) and binds to the RA response element (RARE) of
the promoter region [35]. In the absence of ligand bind-
ing, RAR/RXR forms a complex with co-repressors includ-
ing epigenetic modifiers that mediate DNAmethylation or
HDACs and suppress gene expression [28, 32, 31]. How-
ever, our data indicate that atRA-mediated B7-H6 down-
regulation was neither dependent on DNA methylation
nor DHAC.
c-Myc reduction is one of the hallmarks of atRA-induced

terminal differentiation [36]. However, c-Myc is not
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F IGURE 6 atRA-mediated B7-H6 down-regulation is neither dependent on DNA methylation nor HDAC. U-937 cells were treated with
10 μmol/L atRA, 10 μmol/L atRA in combination with various concentrations of Azacitidine (A), Zebularine (B), RG-108 (C), or Romidepsin
(D) for 24 h. B7-H6 mRNA expression was analyzed by real-time PCR. U-937 cells treated with 10 μmol/L atRA or left untreated (Control)
were used as control. Data were analyzed for significance by the two-way ANOVA test. Results are representative of at least three independent
experiments with a minimum of two technical replicates and are expressed as the mean±SEM. ****, P <0.0001; ns, not significant.

down-regulated in atRA-resistant tumors upon atRA treat-
ment. It has been reported that atRA alone does not lead
to c-Myc reduction in solid tumor cells, such as MCF-7,
while the combination of atRA and type I IFN leads to c-
Myc down-regulation [33, 37]. As c-Myc drives the B7-H6
transcription in tumor cells and c-Myc mRNA level is not
affected by atRA treatment in K562 cells, atRA resistance
explains the unaffected B7-H6 expression in tumor cell line
K562.
In conclusion, we found that lysis of U-937 cells by

NK92 or NKG cells was largely dependent on NKp30/B7-
H6 interaction, blockade of B7-H6 by mAb significantly
impaired NK cytotoxicity. atRA treatment impaired U-
937 lysis by NK92 or NKG cells and reduced B7-H6

expression in U-937 and THP-1 cells on both protein
and mRNA levels. Furthermore, atRA treatment showed
no effect on NK cytotoxicity against B7-H6 knockdown
U-937 cells. Epigenetic modifications such as DNAmethy-
lation and HDAC were not responsible for atRA-mediated
down-regulation of B7-H6 expression, as inhibitors of
these pathways could not restore B7-H6 expression. On
the other hand, atRA treatment reduced c-Myc expres-
sion, the transcriptional factor driving B7-H6 expression
in tumor cells, and therefore inhibited the transcrip-
tion of B7-H6 in leukemia cells. Our study suggests that
atRA impaired NK cell-mediated tumor rejection through
down-regulating B7-H6 expression via the c-Myc signaling
pathway.
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F IGURE 7 atRA inhibits B7-H6 transcription by down-regulating c-Myc. A-B. U-937 cells were transfected with c-Myc siRNA (si-c-Myc)
or control siRNA (si-Control) and harvested for 24 h. c-Myc mRNA and B7-H6 mRNA expression were analyzed by real-time PCR (A). B7-H6
cell-surface expression was analyzed by flow cytometry (B). C. U-937 cells were treated with 10 μmol/L atRA or left untreated (Control) for 24
h or 48 h, and c-Myc mRNA expression was analyzed by real-time PCR. D. U-937 cells were treated with atRA or left untreated (Control) for
24 h, and then c-Myc protein expression was analyzed by western blotting. E. THP-1 cells were treated with atRA at various concentrations
for 24 h and c-Myc mRNA was analyzed by real-time PCR. Data were analyzed for significance by the unpaired t test or the one-way ANOVA
test. Results are representative of at least three independent experiments with a minimum of two technical replicates and are expressed as the
mean±SEM. ****, P <0.0001.
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